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Abstract 

This research was conducted with the aim of studying the effect of oat flour addition on the 

physico-chemical and microbiological quality of probiotic low fat bio-yoghurts. The low fat bio-

yoghurts were prepared through mixing of liquid skimmed milk with oat flour, starter culture, 

corn starch stabilizer, skimmed milk powder and sugar according to the basic formulation for 

bio-yoghurt production. The effect of mixing of oat flour (8%, 12 % and 16%) and storage days 

(7days, 14 days and 21days) on physico-chemical properties, microbiological qualities, 

proximate composition, and sensory qualities of the low fat bio-yoghurt has been studied. The 

oat flour (Avena sativa) variety had a nutritional composition of 5.62% moisture, 16.94% 

protein, 6.12% fat, 1.82% ash, 4.94% crude fiber and 64.65% carbohydrate, and the skimmed 

milk contained 0.31% fat, 3.51% protein and 0.86% ash. After fermentation, the proximate 

composition of the control bio-yoghurt, and the 8% Oat flour,12% and 16% Oat flour added bio-

yoghurts was; moisture (86.66%, 76.01%, 72.82% and 66.09%), crude protein (3.05%, 6.30%, 

10.29% and 7.30%), crude fat (0.30%, 1.21%, 3.72% and 4.77%), crude fiber (0%, 4.03%, 

4.80% and 4.97%) and ash (0.61%, 0.99%, 1.31% and 1.30%); respectively. The physico-

chemical results of the control bio-yoghurt and 16% oat flour added bio-yoghurts was; pH (4.49 

and 4.55), syneresis (8.31% and 3.2%), TA (0.87% and 0.62%), App. Viscosity (0.66 pa.s and 

0.83 pa.s) and proteolysis (0.34 and 0.48); respectively. 

Addition of corn starch stabilizer had reduced the effect of spontaneous whey separation which, 

was more significant (p<0.05) during higher amounts but because of other quality factors 2% 

was selected for processing of low fat bio-yoghurts. Aerobic plate count was found to be the 

predominant micro flora count of the final products and reached more than 8.3 log cfu/g. The 

sensory assessment result of the low fat bio-yoghurt was relatively acceptable by panelists in 

decreasing order of oat flour composition percentage comparing to that of the control. However, 

the most acceptable color, mouth feel, appearance, flavor and the highly preferred was the 

control low fat bio-yoghurt followed by samples blended with 8% and 12 % oat flour. In general, 

the low fat bio-yoghurt processed by mixing of partially skimmed milk with 8%, 12% and 16% 

oat flour and stored for 21 days gave promising results. Thus, it is possible to produce low fat 

bio- yogurts by incorporating oat flour to skimmed milk with additional ingredients and at a 42oc 

for 4-6 hr., fermentation temperature and time. 

Key words: Bio-yoghurt, Law fat, Oat flour, Probiotic 
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       CHAPTER ONE 

Introduction  

1.1.Background  

Milk is the most complete food product of animal origin providing more essential nutrients in 

significant amounts than any other single food. It contains milk fat, milk protein, lactose and the 

other minor elements of vitamins and minerals. Because of its near complete nutrient contents, 

its unique readily available protein etc., milk is regarded as best source of food of livestock 

origin; Hence the production in sufficient amount in the form of whole milk (liquid or dry) and 

dairy products (“butter”, “ayib”, “ergo” etc.) for the consumers is vital in the attainment of food 

self-sufficiency. Efficient and wide utilization of milk was possible through improvement of 

quality and type of product by introduction of milk preservation and processing techniques. 

Products introduced to satisfy preferences are commonly used for human consumption creating 

diversified products (O’Mahony, 1995). 

Dairy production in Ethiopia is traditional. In the last two decades, Milk output in Ethiopia grew 

by 3.0 % per Year, there were about 8.33 million cows, of which 65% were in milk (CSA, 2008). 

The main source of milk in Ethiopia is the cow, the average yield from each on lactation basis is 

much lower than what their contemporary species are producing in other parts of the world 

comparing with the biological milk production efficiency ceiling most has achieved in the 

developing countries (AACM, 1984). 

Total milk production in Ethiopia from cattle, goats, camel and sheep for year 2000 was 

estimated at 1,328,285 tons (MOA, 2000; CSA, 2008). From the total produced the indigenous 

livestock milk production contribute about 1,197,700 tons of which cattle, goats, camel and 

sheep contributed 972,780 tons, 94,290 tons, 75,570 tons and 55,010 tons respectively. From the 

estimated 1,103,385 tons of milk production from cattle share of indigenous cattle was 972, 800 

tons. The remaining 130,385 tons of milk was expected to be produced from improved dairy 

stock the source of which are crossbreeds (13,585 tons), and grade and pure dairy stock (113,500 

tons), The contribution of the different indigenous livestock species to the total production of 

milk is 81.2% from cattle, 6.3% from camel, 7.9% from goats and 4.6% from ewe (MOA, 1998). 

Very recent recalculation of values by Behnke et al., (2010) estimated the contribution of milk 
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and milk based products to the economy at Birr 48.07 billion, an increase of 47%. (This figure 

does not include the value of animal traction.) Milk and milk products contributes 63 percent to 

gross value of ruminant livestock production. Importantly, milk comprises all eight essential 

amino acids, thus constituting high quality protein. Research has demonstrated the positive 

nutritional impacts of dairy as well as an association between consumption of fermented milk 

products including those containing probiotics. 

Yoghurt is a fermented product made from fresh milk and or reconstituted milk by using 

bacteria, such as Lactobacillus bulgaricus and Streptococcus thermophilus with or without any 

additional food ingredients and permitted food additives (Tamime & Robinson, 1999). Yogurt is 

a common dairy product consumed worldwide, Hence has long been recognized as a product 

with many desirable effects for consumers, and it is also important that most consumers consider 

yoghurt to be "healthy". Yoghurt (“ergo” in Amharic) is produced in the traditional system by 

leaving fresh milk to sour for a few days. Soured milk keeps longer than raw milk, so this 

process is useful for storing milk during those days (Wednesdays to Fridays) when Coptic 

Christians are forbidden to consume animal products. (O'Mahony and Ephraim, 1985; Yigezu, 

2000). Yoghurt consumption has increased significantly, presumably because of its perceived 

health benefits (Wood, 1992). 

Over the past few decades, in most countries, different dairy ingredients such as skimmed milk, 

whole milk, butter milk and /or whey have been used during the manufacture of processed 

yoghurt products. As the popularity of yogurt products continues to grow, manufacturers are 

continuously investigating value-adding organic ingredients such as probiotics and different 

kinds of cereals which results a product known as Bio-yoghurt that consists extra properties and 

benefits from that of normal yoghurt types to entice health-conscious consumers. At present, 

many probiotic products on the market use designations such as ‘Bio-Yoghurts’ to distinguish 

products containing additional cultures and/or organic materials other than the normal starter 

bacteria in yoghurt (Streptococcus thermophilus and Lactobacillus delbrueckii subsp. 

bulgaricus). Manufacture of low fat processed yoghurt has several advantages to consumer 

health (Gliksman, 1995). Different types of products were proposed as carrier foods for probiotic 

microorganisms by which consumers can take in large amounts of probiotic cells for the 

therapeutic effect. The addition of probiotic bacteria to yoghurt improves its functionality and 

health effects. Probiotics are referred to as “live microorganisms, which when administered in 
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adequate amounts confer a health benefit on the host” (FAO/WHO, 2001). Probiotics such as 

Lactobacillus and Bifidobacterium spp. are bacterial members of the normal human intestinal 

flora that exert several beneficial effects on human health and well-being. They produce short-

chain fatty acids and improve the intestinal microbial balance, resulting in the inhibition of 

bacterial pathogens, reduction of colon cancer risk, improving the immune system and lowering 

serum cholesterol levels (Tamime and Robinson, 1985).  

The efficiency of added probiotic bacteria depends on dose level and their viability must be 

maintained throughout storage, and they must survive the gut environment (Aryana et al., 2007). 

In order to improve these features of probiotic bacteria, fermented food should be supplemented 

with non-digestible food ingredients that beneficially affect the host by selectively stimulating 

the growth and/or activity bacteria in the colon (prebiotics).Documented benefits of the ingestion 

of probiotics include reduction of serum cholesterol, alleviation of lactose intolerance, reduction 

of cancer risk, antihypertensive effect, and resistance to enteric pathogens, among others 

(Gilliland, 1990).  

Traditionally, probiotics have been added to yoghurt, and it is estimated that currently more than 

70 products containing lactobacilli or Bifidobacteria are being produced worldwide from those 

kinds of products Aryan from Turkey, Zabade from Egypt and Sudan, Roba /rob Iraq are some 

of Bio yoghurt products familiar with the above countries processed from cereals and other 

organic materials combined with milk (Tamime and Marshall, 1997). 

Ingredients’ such as cereals and other organic materials have the ability to be a fat substitute, 

bulking agent, low-calorie sweetener, and texture modifier when added to yogurt, therefore 

potentially altering the sensory perception of the product (Guggisberg et al., 2009). Several 

ingredients have been used to replace fat in low fat processed Bio-yoghurt including commercial 

fat replacers (Kebary et al., 1998; Kebary et al., 2001) whey protein concentrate powder, 

simplesse®100 starches and modified starches , rice powder and Oat  (Brummel and Lee, 1990). 

The main factors known to affect the quality of processed Bio-yoghurt products are stabilizers 

used and the interactions of the ingredients used. These factors greatly affected the structure of 

processed fermented products (Kalab, 1992 and 1995). This is clearly observed in low fat 

products. However, the microstructure of the processed Bio yoghurt is dictated by the nature of 

protein matrix and fat, as a result of emulsification and uniformity at distribution. The beneficial 
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health effects of oats are well known and documented. Oats have traditionally been used mainly 

as oatmeal, bran or flakes, which are used to produce porridge, bread and breakfast cereals. 

Apart from porridge, which can be made from 100% oats, in most consumer products, oats are 

added as an ingredient to provide increased customer value. For example, oat ingredients can be 

added into a variety of consumer products in order to provide health-promoting properties, to 

adjust the flavour and visual appearance or to achieve technological goals, such as water binding. 

In addition to the health-promoting and technologically versatile fibre fraction, oats contains 

high amount of fats with nutritionally beneficial fatty acid and lipid class composition, proteins 

rich in valuable amino acids, and unique phenolic compounds, such as avenanthramides, among 

other minor nutrients. However, only a small minority of oat crops are processed to food and 

other valuable products (Frey, 1998). 

The aim of this research is to develop low fat probiotic Bio-yoghurt from a mixture of skimmed 

milk (0.3% fat) and very finely milled oat flour by using plain yoghurt culture and probiotic 

cultures (mixed culture ABT2);and to study the effects of oat flour on the physico-chemical and  

microbiological characteristics of the Bio-yoghurt during refrigerated storage.  
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1.2.Statement of problem  

Ethiopia has a lot of cattle, which produce meat and milk and these two sectors are gradually 

developing and getting more and more specialized. (Steven et al., 2008) Dairy production and 

utilization in Ethiopia is mostly traditional. Technologies employed to produce these products 

vary from place to place depending on culture and agro-ecology. Consumption of whole fresh 

milk and dairy products are traditional recipe in the form of Butter/ghee, Ayib and Irgo.  

Milk and milk products form part of the diet for many Ethiopians. They consume dairy products 

either as fresh milk or in fermented or soured form. (Fellke and Geda, 2001) Milk production 

expanded at an annual rate of 3.0 percent compared to 1.63-1.66 percent during the preceding 

three decades. Even though Ethiopia has the largest inventory of milk producing animals, (cattle, 

sheep, goats and camels), per capita consumption of milk is low compared to Kenya with fewer 

livestock and Sudan. The national per capita consumption of milk and milk products is estimated 

at 17 kg (Gebre Wold et al., 1998).  

Per capita income levels in Ethiopia place it in the range with Tanzania and Rwanda with annual 

per capita consumption of milk at less than 20 kg. Levels of malnutrition are consequently high. 

The FAO estimates that about 51 percent of the population is undernourished and over two 

million people are considered to be chronically food insecure (FAO, 2001). Compared to other 

countries in Africa, Ethiopians consume less dairy products. Per capita import of milk products 

in 1987 was 1.7 Kg (12.92 kg milk equivalent) as compared to 4.5 kg in Sub Saharan Africa and 

2.3 kg for Eastern Africa. In this respect the import dependency of Ethiopia for milk and milk 

products increased from 4.1% to 12.8% (Staal et al., 1997). Development of the dairy sector in 

Ethiopia can contribute significantly to poverty alleviation and nutrition in the country. Since the 

major part of the demand for dairy in Ethiopia is mainly for processed milk (yoghurt, butter and 

cheese), innovative processing technologies should be encouraged. This can be achieved through 

promotion to introduce new or innovative technology in the sector. 

The use of food starches extracted from a wide variety of available and affordable dietary staples 

such as cereals, roots and tubers in the production of fermented dairy products has greatly 

elicited the interest of nutritionists and food scientists in most sub-Saharan African countries in 

recent times. This is because the ingredients produced form these staple food crops give body of 

bulk and improve the texture and nutritional value of yoghurt (Ikenebomeh and Omogbai, 2000). 
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Oat cereal is one of the cheapest sources of carbohydrate, fiber and beta glucan. It is grown in a 

wide range of agro-climatic conditions and regions in Ethiopia, but they are not being used 

adequately as a food source in our country; rather using them as traditional foods like porridge, 

bread and breakfast cereals. (Geiger et al., 1996). According to FAO, the average oat grain 

production in Ethiopia holds (50,000 t/year from 49,000 ha). 

The mixing of milk with cheaper cereal products through manufacturing can create low-cost 

value added products that allow more consumers access to protein products. In particular; 

children and low-income groups can benefit from products with reduced cost but still valuable 

protein content that supply essential amino acids and also provide vitamins and minerals, 

especially calcium, iron, potassium and zinc.  Hence, it is possible to produce low fat probiotic 

Bio-yoghurt mixing with oat flour which has a potential to be fermented milk product which has 

an effect on its eating or nutritional quality. 
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1.3. Significance of the study 

 It increases the awareness of oat based fermented products and maximizes resource 

utilization (skimmed milk and oat flour) for the production of low fat Bio-yoghurt. 

 Increases the well-being ness and healthy life style of the consumers. 

 It calls for the new entrants of investors who are mainly interested in dairy processing 

business activities and even who were being in small and medium scale processors. 

 It can be used as a secondary data for future work. 

1.4. Objectives 

General Objective 

The general objective of this research was to analyze the changes occurred due to oat flour 

addition on sensory, physico-chemical and microbiological qualities of low fat probiotic Bio-

yoghurt. 

Specific Objectives  

The specific objectives were to: 

♣ Study the effect of oat flour addition on the physical properties of low fat Bio-yoghurt. 

♣ Evaluate the changes due to oat flour addition on the nutritional value of Bio-yoghurt. 

♣ Develop a probiotic-whey drink as a secondary product. 

♣ Analyze effects of corn starch stabilizer on the physico-chemical properties. 

♣ Examine the effect of oat flour addition on chemical properties of low fat Bio-yoghurt. 

♣ Study the influence of oat flour on the sensory quality of Bio-yoghurt. 

♣ Conduct shelf stability analysis for oat flour based low fat Bio-yoghurt. 



8 

 

CHAPTER TWO 

Literature Review 

Yogurts are prepared by fermentation of milk with bacterial cultures consisting of a mixture of 

Streptococcus subsp. thermophilus and Lactobacillus delbrueckii subsp. bulgaricus. There are 

two major types: set and stirred yogurt. Set yogurt is formed in retail pots as lactic acid bacteria 

ferment lactose into lactic acid giving a continuous gel structure in the retailer container. In 

stirred yogurt, the acid gel formed during incubation in large fermentation tanks is disrupted by 

agitation (stirring), and the stirred product is usually pumped through a screen which gives the 

product a smooth and viscous texture (Tamime and Robinson, 1999). The physical attributes of 

yogurts, including the lack of visual whey separation and perceived viscosity, are crucial aspects 

of the sensory quality and overall consumer acceptance of yogurts. 

An understanding of the mechanisms involved in the formation of texture in yogurts and the 

impact of processing conditions on texture development may help to improve the quality of 

yogurt. Yoghurt is classified as fresh with a shelf life of up 16 – 21 days under refrigeration or 

thermized yoghurt with shelf life of 8-12 weeks (Alakali et al., 2008). There are different classes 

of yoghurt based on fat content. These include very low fat, skimmed yoghurt, (0.2– 0.5% fat), 

half fat or semi skimmed yoghurt (0.5 – 2.0 % fat), whole milk or full fat yoghurt (over 2.0% fat) 

and high fat or cream yoghurt with fat content as high as 10 % (Early, 1998). 

2.1. History of Yoghurt 

The history of yogurt goes back over six thousand years. It is believed that the word yogurt 

evolved from the Turkish word “jugurt” (Rasic & Kurmann, 1978). Today, yogurt is known by 

different names in different regions in the world. In Finland it is called “fiili” (Tamime & Deeth, 

1980; Tamime & Robinson, 1985). It is assumed that limited availability of milk due to dry 

desert surroundings in Middle East led to development of a yogurt like product. In Turkey, it was 

thought to be consumed as a preserved milk product (Akin & Rice, 1994; Tamime & Robinson, 

1985). Traditionally, Greek yogurt is prepared from ewe's milk, yet cow milk is used 

commercially. In South Asia the yogurt is called “dahi” and it exhibits soft coagulum, lumpy 

texture and mild acidic flavor. In India, “raita” is made from “dahi” with addition of grated 

cucumber or grated bottle gourd, black pepper, cumin seeds and coriander. Bulgarian yogurt has 
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a unique flavor and taste due to different microbial strains in the yogurt preparation. In Indonesia 

different varieties of yogurt called “dadiah” are prepared by fermenting milk in a bamboo 

container surrounded with banana leaves. “Taratur” is a variety of yogurt made in Albania and 

Republic of Macedonia by mixing yogurt with vegetables, walnuts, garlic, oil, and water. “Rahm 

joghurt”, yogurt with higher milk fat content (10%), is produced in Germany and other European 

countries. “Matsoni” is another variety of yogurt product made by using Lactococcus lactis 

which gives it a distinctive viscous texture. In Middle Eastern countries, such as Jordan and 

Palestine, yogurt named “Jameed” is combined with salt and dried for preservation. (FPP, 2009). 

2.2. Functional Dairy Products 

Over the last two decades, the changing concepts in nutrition have led to the introduction of 

functional foods. As the science of nutrition progresses, a wide variety of foods is being 

characterized as functional food with a range of components affecting a myriad of body 

functions relevant to either a state of well-being and health and/or to the reduction of the risk of a 

disease. Consequently, the term functional food has as many definitions as the number of authors 

referring to it (Roberfroid, 2005). 

Based on some commonly used definitions, the term functional food can be broadly defined as 

‘food and drink products derived from naturally occurring substances or those similar in 

appearance to conventional food or that which encompasses potentially helpful products 

including any modified food or food ingredient, that can and should be consumed as part of the 

daily diet and has been demonstrated to possess particular physiological benefits when ingested 

and/or reduce the risk of chronic disease beyond nutritional functions’ (Roberfroid, 1999a). Food 

Standards Australia and New Zealand, Australia's primary food regulatory agency, describes 

functional foods as ‘...similar in appearance to conventional foods and intended to be consumed 

as part of a normal diet, but modified to serve physiological roles beyond the provision of simple 

nutrient requirements’ (FSAN, 2006). 

Industrialized nations as well as developing nations are facing several health related challenges. 

At the same time the modern concept of nutrition supports the hypothesis that, beyond providing 

nutrition, food can modulate various functions in the body that are relevant to health, thus 

emphasizing on the promising use of foods to promote a state of well-being, better health and 

reduction of the risk of disease. These concepts are increasingly becoming popular with 
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consumers. Advances in food science and technology have placed the food industry in the 

challenging position of addressing the growing consumer awareness of healthy foods. A food can 

be said to be functional if it meets one of the following criteria: 

♣ It contains a food component (being nutrient or not) which affects one or a limited 

number of function(s) in the body in a targeted way so as to have positive effects;  

♣ It has physiological or psychological effect beyond the traditional nutritional effect. 

Collectively, a functional food should have a relevant effect on well-being and health or result in 

a reduction in disease risk. The component that makes the food “functional” can be ‘either an 

essential macronutrient if it has specific physiological effects or an essential micronutrient if its 

intake is over and above the daily recommendations. Additionally, it could be a food component 

even though some of its nutritive value is not listed as essential, such as some oligosaccharides, 

or it is of non-nutritive value, such as live microorganisms or plant chemicals’ (Roberfroid, 

1999a). The variety of functional foods that can be developed is driven by the imagination of 

scientists, the perceived benefits, and the willingness of consumers to pay for those benefits. The 

major types of functional foods are indicated in Table 2.1. 

Table 2.1: Different types of functional foods (Spence, 2006). 

Type                          Description Some examples 

Fortified products 

 

 

Increasing the content of 

existing nutrients 

Grain products fortified with 

folic acid, fruit juices fortified 

with additional vitamin C 

Enriched products 

 

Adding new nutrients or 

components not normally found 

in a particular food 

 

Fruit juices enriched with 

calcium, foods with Probiotics 

and prebiotics 

Altered products 

 

Replace existing components 

with beneficial components 

 

Low-fat foods with fat replacers 

Enhanced commodities 

 

Changes in the raw commodities 

that have altered nutrient 

composition 

 

High lysine corn, carotenoid 

containing potatoes, lycopene 

enhanced tomatoes 

Dairy products are well-known as healthy natural products. Milk and dairy products constitute 

one of the four major food groups that make up a balanced diet. Apart from the nutritional 

benefits, milk has a potential role to play in the prevention of disease (Table 2.2).  
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Table 2.2: Dairy components and ingredients in functional foods and their health claims. (Shortt 

et al., 2004). 

Ingredient 

 

Sources 

 

Claim areas 

Minerals 

 

Calcium 

Casein peptides 

 

Optimum growth and 

development, dental health, 

osteoporosis 

Fatty acids 

 

CLA 

 

Heart disease, cancer prevention, 

weight control 

Prebiotics/carbohydrates 

 

Galactooligosaccharides 

Lactulose 

Lactose 

 

Digestion, pathogen prevention, 

gut flora balance, immunity, 

lactose intolerance 

Probiotics 

 

Lactic acid bacteria 

Bifidobacteria 

 

Digestion, immunity, vitamin 

production, heart disease, 

antitumor activity, remission of 

inflammatory bowel disease, 

prevention of allergy, alleviation 

of diarrhea 

Proteins/peptides 

 

 

Caseins, whey proteins, 

immunoglobulin, lactoferrin, 

glycoprotein, specific peptides 

Immunomodulation, growth, 

antibacterial activity, dental 

health, hypertension regulation 

(angiotensin inhibitors) 

 

2.2.1. Probiotics 

It has long been considered that the primary function of the human gastrointestinal tract (GIT) is 

simply to digest and absorb nutrients and excrete waste. However, it is now accepted that the 

GIT fulfils many other functions that are essential to our well-being. The concept that the 

gastrointestinal microflora may have a role in maintaining human health is exciting, but it is not 

new. At the turn of the last century hypothesized that health and longevity in ethnic populations 

was in part a consequence of the composition of their intestinal flora (Metchnikoff, 1956). Since 

then, there has been great progress in scientific knowledge in the field of microbiology and the 

processes and consequences of bacterial fermentation. In the hope of achieving health benefits in 

the host, attempts have been made to manipulate the enteric microflora in a beneficial way, of 
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which one technique has been to administer live microorganisms, termed probiotic, to normal 

subjects on the basis of /accepted health benefits or to a wide variety of patient groups 

(McNaught and MacFie, 2001).The genera of bacteria that are commonly used as probiotics are 

listed in Table 2.3. 

Table 2.3:  Probiotic bacteria and fungi (Gorbach, 2002; Penner et al., 2005). 

Lactobacillus spp. Bifidobacterium spp. Others Fungi 

L. acidophilus 

L. rhamnosus (GG) 

L. gasseri 

L. casei 

L. paracasei 

L. reuteri 

L. plantarum 

L. cellobiosis 

 

B. bifidum 

B. longum 

B. breve 

B. infantis 

B. lactis 

B. acolescentis 

B. thermophilum 

B. animalis 

Bacillus cereus 

Bacillus clausii 

Bacillus oligonitrophilis 

Clostridium butyricum 

Escherichia coli Nissle  

Propionibacterium 

freudenreichii 

Enterococcus faecium 

Lactococcus lactis 

Saccharomyces 

cerevisiae 

Saccharomyces 

boulardii 

 

Of these the main species believed to have probiotic characteristics are L. acidophilus, 

Bifidobacterium and L. casei. Probiotic bacteria with desirable properties and well-documented 

clinical effects include L. johnsonii La1, L. rhamnosus GG, L. casei, L. acidophilus NCFB 1478, 

B. animalis Bb12 and L. reuteri (Shah, 2000). 

Probiotic are generally recognized as safe. The effects due to their consumption can be direct or 

indirect through modulation of the endogenous flora or of the immune system. The active 

ingredients of Probiotic which are responsible for the biological effects are often unknown, 

except for some enzymes and cell wall components with immune modulating properties. 

However, their inclusion in food products with the purpose of conferring desired health benefits 

to consumers will depend on their ability to survive the human digestive system. The fate of 

probiotics in the GIT and consequent effects differ between strains. Some of them have a high 

survival capacity in the small intestine, and sometimes large intestine, whilst others are rapidly 

destroyed when they pass through the GIT. Some strains have the ability to adhere to epithelial 

cell lines while others do not. Usually they do not colonize the intestinal mucosa for long periods 

of time, and are eliminated within few days after the subject stops ingesting them; however, a 
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few subjects have been shown to be colonized for long periods by some strains (Marteau et al., 

2002). 

For organisms to achieve probiotic status, they must fulfill a number of criteria such as: 

♣ Be isolated from the same species as its intended host 

♣ Have a demonstrable beneficial effect on the human health 

♣ Be non-pathogenic 

♣ Exhibit good growth characteristics, phage resistance and genetic stability 

♣ Be able to survive transit through the GIT; resistance to acid and bile 

♣ Be able to attach to human epithelial cells 

♣ Be able to colonize the human intestine 

♣ Produce an antimicrobial substance 

♣ Large number of viable bacteria must be able to survive during processing and prolonged 

periods of storage. 

2.2.2. Prebiotics 

Prebiotics are ‘non-digestible food ingredients that beneficially affect the host by selectively 

stimulating the growth and/or activity of one or a limited number of bacteria in the colon’ 

(Angus et al., 2005). Prebiotics foods are food products that contain a probiotic ingredient in 

adequate concentration, so that after their ingestion, the postulated effect is obtained, and is 

beyond that of usual nutrient suppliers. At the present time prebiotics essentially constitute non-

digestible oligosaccharides which stimulate the growth of Bifidbacteria. These oligosaccharides 

are not or incompletely absorbed in the small intestine. The most important prebiotics are 

glucans, fructans and mannans. Among the fructans, inulin and oligofructose are commonly used 

(Oliveira et al., 2009b). These bioactive ingredients also exert a protective effect on probiotics in 

such products (Ozer et al., 2005). The tolerance of non-digestible oligosaccharides is usually 

very good. It depends on the type of the oligosaccharide, the time of consumption (worse in the 

fasting state than after meal), and individual factors such as absorption capacities, motility 

patterns, colonic responses, intestinal sensitivity (Marteau et al., 2002). 

2.2.3. Synbiotics 

Synbiotics are ‘mixtures of pro- and prebiotics that beneficially affect the host by improving the 

survival and implantation of selected live microbial strains in the gastrointestinal tract. The 
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rationale behind symbiotic treatment is that the desired probiotic and prebiotic would together 

exert a greater beneficial effect than when administered alone (Saxelin et al., 2003).  

2.3. Yoghurt as a Functional Food 

Fermented dairy products, having the tradition as healthy foods, are a natural choice for their 

makeover as functional foods. A vast array of yogurts is now available in the market to suit all 

palates and meal occasions. Yogurts are available in a variety of textures (e.g. liquid, set, and 

smooth), fat contents (luxury, low-fat, virtually fat-free) and flavors (natural, fruit, cereal). The 

low-fat varieties of yogurt provide an array of important nutrients in significant amounts in 

relation to their energy and fat content, therefore making them a nutrient-dense food (Shah et al., 

2004; McKinley, 2005).  

The healthy image of yogurt is further endorsed by the addition of various fruit preparations in 

yogurt to include the health benefits of fruits such as providing fiber and antioxidants (O’Rell 

and Chandan, 2006). In recent years soymilk (Donkor et al., 2007c; Chandan et al., 2006; Cruz 

et al., 2009; Ferragut et al., 2009), corn milk (Sykora et al., 2005) and peanut milk (Isanga and 

Zhang, 2009) yogurts are being developed as a vegetarian alternate to bovine milk yogurt that 

can also overcome the problem of milk protein allerginicity. The Australian standards define 

low-fat yogurt as ‘the yogurt prepared by culturing skim or low fat cow’s milk, resulting in a 

thickened, tangy yogurt and does not contain fruit or flavoring. It contains on an average 6.6% 

protein and 0.3% fat’ (FSAN, 2006).A starter culture can be defined as ‘a microbial preparation 

of large number of cells of at least a strain to be added to a raw material to produce a fermented 

food by accelerating and steering its fermentation process’ (Lorri and Svanberg, 1993). During 

fermentation, lactic acid is produced from lactose by the yogurt bacteria, S. thermophilus and L. 

delbrueckii ssp. bulgaricus. These LAB also produce acetic acid, ethanol, aroma compounds, 

bacteriocins, exopolysaccharides, and several enzymes. In this way they enhance shelf life and 

microbial safety, improve texture and contribute to the pleasant sensory profile of the yogurt. 

The functional properties of LAB that contribute to the functionality of fermented products such 

as yogurt are listed in Table 2.4. 
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Table 2.4:  Contribution of LAB to functionality of fermented products (Lorri and Svanberg, 

1993). 

Functional property 

 

Contribution to food functionality 

Production of exopolysaccharides, amylase, aroma 

generation. 

 

Bacteriophage resistance, prevention of over 

acidification in yogurt. 

 

Production of bioactive, nutraceuticals, reduction 

of toxic compounds and anti-nutritional 

compounds. 

Safety and/or organoleptic 

 

 

Technological 

 

Nutritional and health 

 

2.3.1. Probiotics in yoghurt products 

Probiotic bacteria are adjuncts added to fermented milks such as yogurt. Owing to the health 

benefits, most bacteria with probiotic properties belong to the genera Lactobacillus and 

Bifidobacterium, which are common but non-dominant members of the indigenous micro biota 

of the human GIT. Some of the potential health benefits of functional foods containing probiotic 

bacteria include improved digestibility, improved nutritional value, improved lactose utilization, 

antagonistic action towards enteric pathogens, colonization in gut, anti-carcinogenic effect, 

Hypocholesterolemic effect, immune modulation, prevention of allergy (Gomes and Malcata, 

1999; Vierhile, 2006). Lactobacillus acidophilus, L. casei, L. paracasei and Bifidobacterium 

species are predominantly used in yogurt (Holzapfel et,al., 2001).  

Manufacturers of therapeutic fermented milk products commonly use five species of 

Bifidobacterium (B. adolescentis, B. bifidum, B. breve, B. infantis and B. longum) (Arunachalam, 

1999).The characteristics of probiotic strains vary, and each strain has to be studied individually. 

Some probiotic strains are sufficiently Proteolytic to grow excellently in milk, but others need 

growth stimulants. Those that do not ferment lactose need monosaccharide’s. Sometimes the 

texture or the taste of a milk product fermented with a probiotic does not meet with consumer 

approval or is technologically impractical. For this reason it is common to use probiotic bacteria 

together with standard starter cultures as in yogurt. Most Bifidobacterium species cannot ferment 

milk by themselves because they require low redox potential and peptides generated from the 

breakdown of casein, a milk protein. Moreover, when co-cultured with lactobacilli, they become 

inhibited as the pH drops (Kailasapathy and Chin, 2000). Several factors such as strain 
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characteristics, food matrix, temperature, pH and accompanying microbes affect the viability of 

probiotics (Folkenberg et al., 2006a). A synbiotic product containing the probiotic bacteria and 

prebiotic in a single food, can improve the survival of bifidobacteria during the storage of the 

product and during the passage to the intestinal tract, and also reduce the competition with 

microorganisms in the GIT (Lourens-Hattingh and Viljoen, 2001). 

The combined use of two or more probiotic species is common in commercial probiotic foods, as 

these strains are believed to act synergistically on each other. Thus, the trend is to use yogurt 

bacteria as the main starter culture and probiotic bacteria as an adjunct starter (Shah, 2000). The 

most common probiotic dairy products worldwide are various types of yogurt, cultured 

buttermilks, various LAB drinks such as “Yakult” and mixtures of probiotic fermented milks and 

fruit juice. A list of some probiotic yogurts and fermented milks commercially produced are 

presented in Table 2.5. 

Table 2.5: Probiotic dairy products available in the market. (Vierhile, 2006; Alhaj et al., 2007). 

Product Country of origin Organism(s) 

ACO-yogurt 

 

Switzerland 

 

S. thermophilus, L. bulgaricus, L. 

acidophilus 

AB-yogurt 

 

Denmark 

 

L. acidophilus, B. bifidum, S. 

thermophilus 

Probiotic plus oligofructose 

 

Germany 

 

L. acidophilus, L. bifidus, LA7 

Morinaga BB536 

 Nomu Drinking Yogurt 

 

Japan 

 

B. longum BB536 

Vitality 

 

UK 

 

Bifidobacteriumspp.,,L. 

acidophilus 

2.4. Yogurt manufacturing process 

The main processing steps involved in these two types of yogurt manufacture include the 

standardization of milk (fat and protein content), homogenization, heat treatment of milk, 

inoculation, incubation/ fermentation, cooling, and storage. 

2.4.1. Milk standardization 

Milk is often mixed with skim milk and cream to standardize (or adjust) the fat content to the 

desired level. Milk powders, including nonfat dry milk, whey protein concentrates, or milk 

protein concentrate, can be blended with the milk using a powder dispersion unit. The milk 
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solids content (including the fat content) for yogurt ranges from around 9% for skim milk yogurt 

to more than 20% for certain types of concentrated yogurt. Many commercial yogurt products 

have milk solids contents of 14-15% (Tamime and Robinson, 1999). The minimum milk solids 

non- fat content required in standards or regulations in many countries ranges from 8.2 to 8.6% 

(Tamime and Robinson, 1999). Codex regulations for yogurt indicate that the minimum milk 

protein content is 2.7% (except for concentrated yogurt where the minimum protein content is 

5.6% after concentration) and the maximum fat content is 15% (Codex, 2007).  

2.4.2. Homogenization 

Homogenization of the milk base is an important processing step for yogurts containing fat. Milk 

is typically homogenized using pressures of 10-20 and 5 MPa first and second stage pressures, 

respectively, and at a temperature range between 55 and 65°C. Homogenization results in milk 

fat globules being disrupted into smaller fat globules and the surface area of homogenized fat 

globules greatly increases. The use of homogenization prevents fat separation (creaming) during 

fermentation or storage, reduces whey separation, increases whiteness, and enhances consistency 

of yogurts (Vedamuthu, 1991). When milk is homogenized, caseins and whey proteins form the 

new surface layer of fat globules, which increases the number of possible structure-building 

components in yogurt made from homogenized milk (Walstra and Jenness, 1984). Homogenized 

milk fat globules act like protein particles due to the presence of protein on the fat surface.  

2.4.3. Heat treatment of milk 

Heating of milk is an important processing variable for the preparation of yogurt since it greatly 

influences the physical properties and microstructure of yogurt (Lucey et al., 1998b). In yogurt 

manufacture, milk is heated prior to culture addition. The temperature/time combinations for the 

batch heat treatments that are commonly used in the yogurt industry include 85°C for 30 min or 

90-95°C for 5 min (Tamime and Robinson, 1999). However, very high temperature short time 

(100°C to 130°C for 4 to 16 s) or ultra-heat temperature (UHT) (140°C for 4 to 16 s) are also 

sometimes used (Sodini et al., 2004). The heat treatment of milk is also used to destroy 

unwanted microorganisms, which provides less competition for the starter culture. Yogurt starter 

cultures are sensitive to oxygen so heat treatment helps to remove dissolved oxygen assisting 

starter growth. 
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2.4.4. Inoculation of starter culture for yoghurt production 

During the manufacture of yoghurt, the heat-treated milk is cooled to the incubation temperature 

of the starter culture The commercial process of yoghurt making uses a defined mixture of lactic 

acid bacteria, for example S. thermophilus and L. delbrueckii subsp. bulgaricus, but other 

products may require a different blend. For example, Bulgarian buttermilk is produced using L. 

delbrueckii subsp. bulgaricus alone, whilst dahi in India is produced using a mixed starter 

culture containing S. thermophilus, Lactococcus lactis and Lactococcus lactis subsp. cremoris 

(Tamime and Marshall, 1997).Bio-yoghurts are made with different and defined starter cultures 

containing the yoghurt organisms (single or mixed) and/or Lactobacillus, Bifidobacterium and 

Enterococcus species; (Tamime and Marshall, 1997). 

The reason(s) for selecting the combinations of starter cultures used during the manufacture of 

yoghurt and related fermented milk products are to achieve the desired flavour characteristics of 

the product, mainly lactate, aroma compounds (acetaldehyde, acetone and diacetyl) and to 

provide the consumer with a wide choice of therapeutic products. 

2.4.5. Fermentation process 

In general, the milk is fermented at 40–45°C, that is, the optimum growth condition for the 

mixed culture and the short incubation method. However, the longer incubation method, (i.e. 

overnight) can be used and the incubation conditions are 30°C for around 16–18 hours, or until 

the desired acidity is reached (Hrabova and Hylmar, 1987). While the cooled milk is being 

pumped to the fermentation tanks, the starter culture is normally metered directly into the milk, 

or alternatively, if a multipurpose tank is being used, the starter culture is added either manually 

or, if the volume of the tank is large, the desired quantity of starter is pumped into the tank.  The 

actual fermentation stage can take place either in the retail container for the production of set 

yoghurt, or the milk is incubated in bulk for the manufacture of stirred yoghurt. However, no 

matter what type of yoghurt is being produced, the biochemical reactions responsible for the 

formation of the gel/coagulum are exactly the same. Bacterial fermentation converts lactose into 

lactic acid, which reduces the pH of milk. During acidification of milk, the pH decreases from 

6.7 to ≤4.6. Gelation occurs at pH 5.2 to 5.4 for milk that was given a high heat treatment. 
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2.4.6. Cooling of yoghurt 

When yogurts reached the desired pH (e.g., ~4.6), they are partially cooled (~20°C) before fruit 

or flavoring ingredients are added. Yogurt products are often blast chilled to <10°C (e.g., 5°C) in 

the refrigerated cold store to reduce further acid development (Tamime and Robinson, 1999). In 

the production of set yogurt, yogurts are directly transferred to a cold store or blast chilled in 

cooling tunnels. For stirred yogurts, cooling is first performed by agitation in the jacketed 

fermentation vat and the product is sheared and smoothened by devices like back-pressure 

values, high shear devices or sieves. 

2.5. Physico-chemical mechanisms involved in yogurt gels formation  

Acidification of milk leads to the disruption of the internal structural properties of casein 

micelles due to the solubilization of CCP (casein-casein proportion) (Duitschaver and Arnett, 

1972). As caseins approach their isoelectric point (pH 4.6), the net negative charge on casein is 

reduced, which decreases electrostatic repulsion between charged groups, including the 

phosphoserine residues that are exposed when the CCP is solubilized. Electrostatic attraction 

increases and protein-protein attraction also increases through enhanced hydrophobic 

interactions. Physico-chemical mechanisms for the formation of acid milk gels can be discussed 

for three pH regions (Lucey, 2004). 

pH 6.7 to 6.0: When the pH of milk decreases from 6.6 to 6.0, the net negative charge on the 

casein micelles decreases, which results in a decrease in electrostatic repulsion. Since only a 

small amount of CCP is solubilized at pH >6.0, the size of the casein micelles is largely 

unchanged. 

pH 6.0 to 5.0: As the pH of milk decreases further from pH 6.0 to 5.0, the net negative charge on 

casein micelles greatly decreases and the charged “hairs” of κ-casein may shrink (or curl up). 

This results in a decrease in electrostatic repulsion and steric stabilization, which are both 

responsible from the stability of casein micelles in the original milk. At pH ≤6.0 the rate of 

solubilization of CCP increases, which weakens the internal structure of casein micelles and 

increases electrostatic repulsion between the exposed phosphoserine residues.  

In milk, CCP is completely solubilized in casein micelles by pH ~5.0. However, in rennet-

coagulated cheese, a significant amount of CCP is not solubilized at this pH, probably because of 
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a protective role on CCP solubility from the higher solids content of curd compared with milk. 

Duitschaver and Arnett (1972) reported that the amounts and proportions of caseins dissociated 

from the micelles were both temperature- and pH-dependent. More caseins are dissociated from 

micelles into the serum as temperature decreases from 30 to 4°C. The pH at which maximum 

dissociation occurs is between pH 5.6 and ~5.1, which may be attributed to a partial loosening of 

bonds within and between caseins due to loss of CCP. At low temperatures, hydrophobic 

interactions involved in casein association are very weak (Lucey, 2004). 

pH ≤5.0: When the pH of milk becomes close to the isoelectric point of casein (pH 4.6), there is 

a decrease in the net negative charge on casein, which leads to a decrease in electrostatic 

repulsion between casein molecules. On the other hand, casein-casein attractions increase due to 

increased hydrophobic and plus-minus (electrostatic) charge interactions. The acidification 

process results in the formation of three-dimensional network consisting of clusters and chains of 

caseins (Mistry and Hassan, 1992). 

2.6. Factors affecting the physical and sensory properties of yogurts 

2.6.1. Dry matter fortification 

The physical and sensory properties of yogurt gels are greatly influenced by the total solids 

content of the yogurt milk, especially the protein content. The G′ values of yogurt increases with 

an increase in the total solids content obtained by the addition of skim milk powder or by 

ultrafiltration (Bourne, 1982). Increased yogurt viscosity is observed when the total solids 

content of milk is increased (Gustaw et al., 2006). The oral viscosity of yogurt or perceived 

thickness also increases with an increase in total solids content of milk (Salji et al., 1985).  

In practice, there is an upper limit (before an increased risk of heat coagulation) of around 4% 

additional whey protein (from WPC) to give a total milk protein level of about 7%. Improper 

hydration of powders can result in a number of defects in yogurt including lumpiness, chalkiness, 

and powdery off-flavors. The increased solids content in yogurt milk as a result of fortification 

also creates increased buffering that requires additional acid development by the starter cultures 

to achieve a similar pH target. Most yogurt products are sweetened (not plain). The use of 

sucrose increases the total solids of the mix and strengthens the gel network. A range of 

sweeteners are used commercially, especially for low calorie products. Another option is to use 
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β-galactosidase to hydrolyse lactose as the products are glucose and galactose, which are much 

sweeter than lactose (Walstra and Jenness, 1984). 

2.6.2. Heat treatment 

Native whey proteins from unheated milk are inert fillers in yogurt (Lucey et al., 1999). When 

milk is heated at >70°C, the major whey proteins, such as, β-lactoglobulins, are denatured. 

During denaturation β-lactoglobulins interacts with the κ-casein on the casein micelle surface 

(and any soluble κ-casein molecules, i.e. κ-casein that dissociates from the micelle at high 

temperatures) by disulfide bridging, which results in increased gel firmness and viscosity of 

yogurt (Dannenberg and Kessler, 1988; Lucey et al., 1997).  

Denatured whey proteins that has become attached to the surface of casein micelles are a critical 

factor involved in the increased stiffness of yogurt gels made from heated milk (Lucey et al., 

1998c). Soluble complexes of denatured whey proteins with κ-casein also associate with the 

micelles during the acidification process. Heat treatment of milk for 15 min at ≥80°C results in 

significantly increased denaturation of β-lacto globulins compared with milk heated at 75°C for a 

similar time (Lucey et al., 1997).  

2.6.3. Incubation temperature 

Physical properties and microstructure of yogurt are influenced by incubation temperature. 

During the formation of yogurt gels at a low incubation temperature, slow protein aggregation 

occurs resulting in the formation of a large number of protein-protein bonds and less 

rearrangement of the particles/clusters. A highly cross-linked and branched protein network that 

had small pores was observed in micrographs of yogurt gels incubated at low temperature (Lee 

and Lucey, 2003). At lower incubation temperature, there is an increase in the voluminosity of 

casein particles, which results in an increase in the area of the junctions between aggregated 

casein particles. Increased contact area between casein particles could contribute to the increased 

stiffness of gels observed at low temperature (Walstra and Jenness, 1984).  

Higher viscosity was observed in stirred yogurts that had been incubated at lower temperatures 

(e.g. <40°C) compared to gels incubated at high temperature (e.g. >40°C) (Beal et al., 1999; 

Martin et al., 1999; Sodini et al., 2004; Lee and Lucey, 2006). As incubation temperature 
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increased, there was a decrease in the sensory attributes, such as, mouth coating and smoothness 

of stirred yogurts (Cho-Ah-Ying et al., 1990; Martin et al., 1999).  

2.7. Problems in low fat yoghurts  

Usually the solid content of milk for probiotic yoghurt production can be increased up to 18-25% 

(IDF, 1988b).Increasing the total solids by fortification with different ingredients increases the 

concentration of proteins by 4-5 % and other compositions which results in improved yoghurt 

texture and nutritional value (Robinson and Tammie, 1978). But this depends on two basic 

criterions that are considered very essentially during yoghurt processing; those are the ability of 

the ingredient added to participate in the formation of protein’s casein- casein complex matrix 

gel and should be easily accessible and consumed as a substrate (prebiotic) for the probiotic 

bacterial strains during fermentation, storage conditions and after ingested in the intestinal tract 

of the consumer. However, high level of fortification can lead to certain problems such as test 

like the added ingredient in yoghurt and causes excessive acid development, especially during 

storage (Mistry and Hassan, 1992). 

Because of their beta-glucans contained, oat products (whole oat, oat flour and/ or oat bran) can 

be used as thickening agents or as fat mimetics in the formulation of reduced calorie foods. Beta-

glucan is one of the major components of the starchy endosperm and aleurone cell walls of many 

commercially important cereal grains, such as oats, barley, rye and wheat (Lazaridou and 

Biliaderis, 2007). Beta-glucans have unique rheological characteristics, such as the ability to gel 

and to increase the viscosity of aqueous solutions, which contributes to their health benefits. 

They can control food texture and have been used to replace all or part of the fats in dairy, meat, 

and bakery products (Harris and Smith, 2006). One of the largest areas for potential use of beta-

glucan contained cereals is in the dairy industry. Incorporation of beta-glucan sources with other 

soluble fiber into low-fat dairy products, such as ice-cream and yogurts, can improve their 

mouthfeel, scoopability and other sensory properties to more closely resemble full-fat products 

(Brennan and Cleary, 2005). In addition, when beta-glucan is added to milk, the fermentation 

yields are increased as a result of its ability to form a structured and elastic casein-protein-glucan 

matrix (Tudorica et al., 2004).  

Bifidobacteria, beneficial bacteria with well-known probiotic activity, have many known health 

benefits. In order to reap the benefits of bifidobacteria, they must be consumed at a level of 107 
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viable cells per ml or g of food. However, bifidobacteria often drop below this therapeutic level 

during refrigerated storage due to a host of factors that include pH, oxygen content, and osmotic 

pressure. In order to alleviate these stressors many techniques have been tested, including the 

addition of a prebiotic to the food. Little is known about the effects of prebiotics, such as oat 

beta-glucan, on probiotic cultures survival outside of the gut, specifically during refrigerated 

storage before consumption. For example, an oat beta-glucan added to a low-fat white brined 

cheese at different %, reduced the hardness of the cheese and lead to a product that more closely 

resembled the full-fat control (Volikakis et al., 2004).Therefore, in 1997 the FDA approved a 

health claim for beta-glucan stating that when consumed in sufficient amounts, is of great 

importance in both the medical field and food industry.  

Additionally, heat treatment of milk at temperatures above 70 0C prior to fermentation is 

common for increasing the gel firmness and reducing the level of syneresis. Some of the textural 

benefits that occur from some of these commonly adapted steps are summarized in table 2.6. 

Table 2.6:  Benefits of fortification and heat treatment of yogurt milk base (Lucy et al., 1998). 

Step Additive Observed effects 

Increasing total solids 

 

 

Skim milk powder / 

skimmed milk concentrate 

/ Butter milk powder 

Better growth of culture 

 

 

 

 

 

 

Addition of proteins 

 

 

 

 

 

Whey protein concentrate 

Whey protein hydrolysate 

Higher water holding capacity; Increased 

firmness; Increased viscosity, Reduced 

syneresis. 

 

Improved water holding capacity 

Increased firmness Improved growth of 

probiotics 

 

High heat treatment 

 

 

 

 

 

 

 

Increased gel firmness 

Reduced syneresis 

Better rate of gelation 

 

Although heat treatment increases the rigidity of yogurt gels (which is an important textural 

attribute), it is not very effective in preventing the wheying-off that occurs in milk incubated at 

very high temperatures. In acid gels made from heated milk, there is an increase in loss tangent 
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during gelation even at much higher frequencies and a reduction in fracture strain both of which 

could assist in rearrangements and whey separation (Lucey et al., 1998b).  

2.8. Fat-Replacement in Indigenous Dairy Products 

High fat consumption has been linked to several chronic diseases including cardiovascular 

diseases, obesity and certain forms of cancer. Nutrition experts recommend a total fat intake of 

less than 30 per cent of total daily calories. These dietary recommendations are one reason for 

the increasing demand for lower fat food products of the world market has been flooded with the 

food products carrying the labels "low fat", 'no fat' or 'reduced fat'. Fat mimics or fat substitutes 

are normally used to produce low-fat foods, fat mimics are substances that help replace the 

mouth feel of fat but cannot substitute for fat on a gram for gram basis low fat cheese, processed 

cheese, cultured products, frozen desserts, butters and spreads have been successfully developed 

using commercially available fat mimics/replacers. Using similar technique several low fat 

varieties of traditional dairy products can be developed. 

Functionally, fat affects the physico-chemical properties of the product and is therefore involved 

in the behavior of the food product during processing, post-processing characteristics and storage 

stability. It also determines the sensory characteristics of food products, mainly appearance, 

texture, flavour and mouth-feel.  

2.8.1. Functional Ingredients for Value Addition  

Functional nutrition is a broad topic, and covers many ingredient categories. The Functional 

components used in formulation of these formulated foods are given in Table 2.7. 
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Table2.7: Examples of Functional Ingredients. (IIFC, 2004) 

Class/ Ingredients Source Potential Benefit 

Carotenoids 

Beta-carotene carrots, various fruits neutralizes free radicals which 

may damage cells; bolsters 

cellular antioxidant defenses 

Lutein, Zeaxanthin kale, collards, spinach, corn, 

eggs, citrus 

may contribute to maintenance of 

healthy vision 

Lycopene tomatoes and processed 

tomato products 

may contribute to maintenance of 

prostate health 

Dietary (functional and total) Fiber 

Insoluble fiber wheat bran may contribute to maintenance of 

a healthy digestive tract 

Beta glucan oat bran, rolled oats, oat flour may reduce risk of coronary heart 

disease (CHD 

Soluble fiber psyllium seed husk may reduce risk of CHD 

Whole grains cereal grains may reduce risk of CHD and 

cancer; may contribute to 

maintenance of healthy blood 

glucose levels 

Fatty Acids 

Monounsaturated fatty 

acids (MUFAs) 

tree nuts may reduce risk of CHD 

Polyunsaturated fatty acids 

(PUFAs) - Omega-3 fatty 

Acids. 

walnuts, flax may contribute to maintenance of 

mental and visual function 

Examples are not an all-inclusive list. 

2.8.1.1. Health benefits of Oat  

Over view of World Oat production and composition  

Oat (Avena sativa) is only known in cultivation and its exact origin is unclear. Oat was not 

cultivated as early as wheat and barley and probably it persisted as a weed in fields of these 

cereals for centuries before it was taken into cultivation. Oat seeds have been found in 4000-

year-old remains in Egypt, but these were probably from weeds and not from cultivated oat. 

(Assefa et al., 2003; Iran, 1994). 

Nowadays oat is extensively cultivated in northern temperate regions, mainly in Europe and 

North America. In Ethiopia, cereals, among which teff, barley, maize, sorghum, oats, millet and 
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wheat, make up 85% and 90% of the total cultivated area and total production of field crops 

respectively and accounts for over 90% of modern input consumption (CSA, 2000;MEDaC, 

1999).In tropical Africa it is mainly grown in Ethiopia and Kenya. It is also cultivated in South 

Africa, Morocco, Algeria and Tunisia.  

 In Ethiopia oat is made into ‘injera’ (pancake-like bread), ‘tella’ (local beer) and other products. 

According to FAO statistics the average world oat grain production in 1999–2003 amounted to 

about 25.9 million t/year from 12.7 million ha. The main producing countries are the Russian 

Federation (5.8 million t/year in 1999–2003, from 3.8 million ha), Canada (3.3 million t/year 

from 1.4 million ha) and the United States (2.0 million t/year from 0.9 million ha). The average 

oat grain production in sub- Sahara Africa in 1998–2003 has been estimated at 55,000 t/year 

from 53,000 ha,almost entirely from Ethiopia (50,000 t/year from 49,000 ha) and Kenya (3500 

t/year from 3400 ha) and small amounts from Zimbabwe. (Feyissa, 2004) 

In Ethiopia it is usually grown at 2700–3000 m altitude. Oat is not as sensitive to frost as wheat. 

When moisture is not limiting it also performs well in warmer, humid mid-altitude tropical 

environments. Oat thrives on a wide range of soil types, as long as drainage is sufficient. It grows 

on soils that are sandy, low in fertility, or highly acidic (as low as pH 4.5), but it performs best 

on well-drained, fertile, loamy soils. The world average grain yield of oat is about 2 t/ha with 

straw yields of about 5.5 t/ha. The average oat grain yield in Ethiopia and Kenya is about 1 t/ha. 

When oat is harvested for green fodder, hay or silage the dry matter yield is 4–15 t/ha. Due to its 

tolerance to poor soil fertility and to frost, its low requirements of external inputs such as 

fertilizers, and its dual-purpose character (food and fodder), oat has favorable prospects in the 

highlands of Africa, especially for resource-poor farmers. On a worldwide scale, oat also has 

potential for pharmaceutical and cosmetic uses. (Frey, 1998). 

Oats have played a significant role in farming systems from domestication to present due to the 

versatile uses of the grain and plant. Oats currently rank sixth in world production of cereals after 

maize, rice, wheat, barley, and sorghum. World oat production was similar to millet and 

exceeded rye, and triticale. Oats are primarily grown in cool temperate climates with ~67% of 

world production occurring in the northern hemisphere. The Russian Federation, Canada, United 

States of America, Finland, and Poland were ranked as the top five countries for world oat 

production. Oats are also grown in the southern hemisphere with Australia ranked first in 
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production while Argentina, Chile, and Brazil are also significant producers (Colleoni-Sirghie et 

al., 2004).There are two types of oats; husked oats, with hulls surrounding the kernel or groat 

after harvest and naked oats, where the hull is removed when the crop is harvested. Naked oats 

have the free threshing character similar to wheat. Husked oats represent the majority of oat 

production, but naked oats are gaining prominence for specialist markets as improved varieties 

are being developed (Colleoni-Sirghie et al., 2004). 

Table 2.8: The general composition of whole grain oat flour and oat bran (Bruce, 2008). 

 Whole grain oat flour (%) Oat bran (%) 

Protein 15-17% 15-18% 

Starch and sugars 59-70% 10-50% 

Fat 4-9% 5-10% 

Total dietary fiber 5-13% 10-40% 

β – Glucan 2-6% 5-20% 

 

Oats for human consumption are used to produce traditional, functional, and medicinal products. 

Oats are differentiated from other cereal grains by using the entire kernel after the hull is 

removed for many food products. Porridge or oatmeal, hot cereals, bread, biscuits, infant food, 

and muesli or granola bars are a few examples of food products produced from oats.  

β- Glucans are indigestible polysaccharides occurring naturally in various organic sources such 

as corn grains, yeasts, bacteria, algae. In addition to β-glucan, oat cell walls contain pentosans 

(around 2% of total kernel weight). Nutritionally, β-glucan and pentosans are dietary fibre 

components that are not degraded by digestive enzymes. Both hemicellulose polymers are easily 

extractable and form viscous shear thinning solutions (Welch, 1995; Colleoni-Sirghie et al., 

2004). Starch is the main storage compound in oat grains constituting 60% of the dry weight 

(Wood et al., 1991). The starch molecules amylopectin and amylose are arranged in compound 

granules within the endosperm cells (Bechtel and Pomeranz, 1981). Oat starch granules are 

relatively small, around 3–5 μm in diameter. Around one-third of the oat starch is amylose (Zhou 
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et al., 1998). Oats contain 15–20% protein (Robbins et al., 1971; McMullen, 1991). The 

nutritional value of oat proteins is higher than that of other cereal proteins due to the lower 

content of prolamine protein (Peterson, 1976; Hamad and Fields, 1979). Compared with other 

cereals oats are known to contain high amounts of lipids. The lipid content of oats is normally 5–

9% (Sahasrabudhe, 1979; Youngs, 1986; Saastamoinen et al., 1989). Lipids of dry, intact oat 

grains can stay stable for years when stored under proper conditions (Welch, 1977). The health 

effects associated with oats relate mainly to the total dietary fibre and β-glucan contents of oat 

products. However, the antioxidants are also concentrated mainly in the outer layers of the oat 

kernel, and thus the total dietary fibre, soluble β-glucan and antioxidants can be enriched in the 

bran products (Peterson, 2001). 

  

 

 

 

 

 

Figure 2.1: Basic structure of β-glucans in cereals with combined bonds β-(1→3) and b-(1→4) 

 

 

 

 

 

 

 

Figure 2.2: Basic structure of β-glucans combined bonds (1→3) and (1→6) in yeast sources 

As a result of many clinical trials, the Food and Drug Administration in the use on food labels of 

health claims on the association between the daily consumption of oat products containing at 
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least 3g of ß-glucan (soluble fibre), lowered blood cholesterol and a reduced risk of coronary 

heart disease. Among other health benefits, oats have been shown to have beneficial effects on 

blood glucose and insulin response. The ingestion of a meal containing digestible carbohydrate 

causes a marked rise in blood glucose levels. Oats induced a much lower rise in blood glucose 

levels compared with other cereals (for example, cornflakes and different forms of breads). For 

this reason oats are recommended in some 'gluten-free' diets designed to control diabetes. Oats 

are also better tolerated by most coeliac sufferers than wheat, barley or rye. It is believed that this 

is due to oats containing only around a sixth of its protein as prolamine (a class of seed storage 

proteins which are alcohol-soluble) compared to around a third to two-thirds in wheat and the 

other temperate cereals. In addition, oat prolamine contain less immunologically-reactive 

structures than those of wheat, barley or rye. 

It is a fair bet, therefore, that human consumption of oats will continue to rise as the food 

industry capitalizes on their healthy and wholegrain cereal image. This would be aided by the 

development of more innovative products and oat-based functional foods. These foods need to be 

enjoyable as well as healthy and nutritious. 

2.9. Nutritional and Health Benefits of Bio-Yoghurt 

In terms of its nutritional profile, yogurt has a similar composition to the milk from which it is 

made but will vary somewhat if fruit, cereal or other components are added. The nutritional 

similarity of yogurt with milk implies that it is an excellent source of protein, calcium, 

phosphorus, riboflavin, thiamine and vitamin B12, and a valuable source of folate, niacin, 

magnesium and zinc. The protein it provides is of high biological value and the vitamins and 

minerals are bioavailable. Moreover, the low-fat varieties of yogurt provide an array of important 

nutrients in significant amounts in relation to their energy and fat content, therefore making them 

a nutrient-dense food (McKinley, 2005). 

Metchnikoff (1956) suggested that the LAB in yogurt were responsible for longevity of its 

consumers. Thus, cultured milk products such as yogurt have been used for a very long time and 

for many reasons, one of which was for its perceived health benefits mainly associated to the 

presence of LAB that could retard the growth of other harmful bacteria. In the last few decades a 

major development in the functional food sector has emerged from the use of probiotic bacteria 

and prebiotic carbohydrates that enhance health-promoting microorganisms in the intestine. To 
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realize the health benefits, probiotic bacteria must not only be viable and available in a high 

concentration, typically 106 CFU/g of a product, but also be able to survive passage through the 

harsh conditions of the GIT so that they reach their target site in live form (McKinley, 2005; 

Shah, 2000). 

The main health benefits of regular consumption of probiotic containing products include the 

improvement of the intestinal microbial balance; alleviating the symptoms of lactose intolerance 

through the production of lactase; strengthening the immune system; reducing the risk of colon 

cancer in human studies and protection against breast cancer; reducing some forms of food 

allergies; lowering the blood cholesterol levels; suppression of blood pressure of hypertensive 

individuals; playing a key role in the prevention of diarrhoea; and inhibiting the growth of some 

pathogenic bacteria (Alhaj et al., 2007). Health benefits imparted by probiotic bacteria are strain 

specific, not species- or genus-specific. No strain can provide all proposed benefits, and not all 

strains of the same species can be effective against defined health conditions. The strains of L. 

rhamnosus GG, S. cerevisiae, L. casei and B. animalis have the strongest human health efficacy 

data with respect to management of lactose mal absorption, Rota viral diarrhoea and antibiotic-

associated diarrhoea (Alhaj et al., 2007). 

The minimum effective microorganism count in the product is of critical importance with regard 

to the use of probiotics in food products and their intended health benefits. Although the 

minimum recommended level of viable probiotics present in foods for any health benefits to be 

achieved can show a discrepancy, in general the food industry has adopted the recommended 

level of 106 CFU (Colony Forming Units) ml−1 at the time of consumption (Boylston et al., 

2004). This standard appears to have been introduced to achieve bacterial populations that are 

technologically attainable and cost effective. US FDA has also recommended that the minimum 

probiotic count in a probiotic food should be at least 106 CFU ml-1. Depending on the amount 

ingested and taking into account the best-before date, a regular - in most cases daily intake of 108 

to 109 probiotic microorganisms is necessary to achieve probiotic action in the human organism. 

It is recommended that the probiotic culture must be present in the product at minimum numbers 

of 107 CFU ml-1 and even higher numbers have been recommended (Lee and Salminen, 1995). 
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CHAPTER THREE 

Materials and Methods 

3.1. Raw material collection and sample preparation  

The experiment for production of oat flour based low fat probiotic Bio-yoghurt, physico-

chemical analysis and sensory quality evaluation were conducted in Addis Ababa Institute of 

Technology, Chemical Engineering Department laboratories. Microbiological analysis was done 

in the Ethiopian Conformity Assessment Enterprise and proximate composition was carried out 

at Jije Analytical Service Laboratory, Addis Ababa. 

Skimmed milk (0.3% fat) was obtained from the MAMA Dairy Processing Industry and taken to 

Holeta Milk Research Center for the analysis of proximate composition. Finely milled Oat flour 

(Avena sativa spp.), A freeze-dried commercial probiotic starter culture (strains of Acidophilus, 

Bifidobacterium and Thermophilus spp.,) (CHN-22: Chr. Hansen Laboratories, Denmark) and 

plain yoghurt culture (streptococcus thermophilus and lactobacillus bulgaricus spp.) were used 

for the fermentation of Bio-yoghurt.  

Corn starch stabilizer, skimmed milk powder, sugar and flavoring materials were purchased from 

local super markets and added to the preparation of low fat Bio-yoghurt. Incubator, weighing 

balance, pH meter, centrifugation apparatus, and absorber are some of the major equipment’s 

used.  
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3.2. Frame work of the experiment 

The research was conducted to see the effect of Oat flour addition in Bio-yoghurt processing by 

doing all the experiments shown in Figure 3.1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1: Frame work of the experiment 
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3.3. Processing methods 

3.3.1. Propagation of starter culture 
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Figure 3.2: Flow diagram of Starter culture propagation  
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3.3.2. Preparation of oat flour based low fat Bio-yoghurt 

The manufacturing process is a modification of the methods described by (Tamime & Robinson, 

1999). Usually the solid content of milk for probiotic yoghurt production can be increased up to 

18-25% (IDF, 1988b).Therefore, according IDF, a basic Bio-yoghurt formula was prepared from 

2 %( w/v) of the oat flour and 100ml of skimmed milk, 4 %, 6%, 8 %, 10%, 12%, 14%, 16%, 

18% and 20% (w/v) of the oat flour in 100 ml of skimmed milk. But, based on the results from 

sensory analysis panelists and physicochemical results, treatments with a percentages of 8, 12 

and 16, which have a significant effect, was selected for further study with a sample codes of 

BY1, BY2 and BY3 respectively. A control Bio-yoghurt processed from skimmed milk without 

the addition of oat flour were used for the comparison. 7.0 % (w/w) skim-milk powder to 

increase the SNF percentage, 5.0 % (w/w) sugar to start the growth of microbial culture and 0.2 

% (w/w) flavoring were added to each treatments of Bio-yoghurt.  

Corn starch stabilizer 2.0 % was used in the manufacturing process for effective mixing and 

uniformity of the product. After thorough mixing of the solution, the mixtures were placed in a 

glass jars and heated at 85°C for 30 min (Gustaw et al., 2009). They were allowed to cool to the 

incubation temperature 42°C, subsequently inoculated with 5 ml/100ml of plain yoghurt culture 

for the first 2 h and then with 5 ml/100ml ABT1 probiotic culture for the next 3-4 h and 

fermented until pH 4.7 was reached. After incubation Bio-yoghurts were stored in 4±1°C for 

three weeks. Every week each kinds of Bio-yoghurt samples were examined for their physico-

chemical and microbial properties; sampling was done according to the standard methods of milk 

and milk products (IDF, 1985). 

3.4. Analysis methods 

Analyses were done in duplicate and during Bio-yoghurt manufacture, the Titratable acidity 

(TA), pH, and Aerobic Mesophilic Count (AMC), fat, protein, total solids and ash content were 

determined. The pH, TA and microbiological result were also determined on the days of 7, 14 

and 21 whereas, the protein, moisture, total solids, fat and ash were determined on initial day. 

3.4.1. Physico-chemical analysis 

Determination of pH 
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The pH was measured (AOAC, 2005) using a pH meter (Model: Nade PHS-3B, Zhejiang China) 

fitted with a conventional glass electrode from slurry made. The instrument was calibrated using 

standard calibration solutions of pH 7.  

 

Determination of Titrable acidity (as Lactic acid) 

Lactic acid content was determined in accordance with standard (AOAC, 2000) .The acidity was 

determined by titrating 9 ml of Bio-yoghurt sample, against 0.1N sodium hydroxide using  

phenolphthalein as an indicator. The pink colour was marked the end point of the titration. The 

percentage Titratable acidity was calculated using the formula:  

% Titratable acidity =
V x N x ME of lactic acid x 100

Weight of sample
  

Where: V = volume of sodium hydroxide used to titrate  

N = normality of the sodium hydroxide solution  

ME = milli-equivalents of lactic acid (0.09008) 

Syneresis index 

The syneresis index was considered as the amount of drained liquid (g) per 100 g of sample after 

24 h storage at 4°C. (Bradley et, al; 1992).The proportion of free whey was calculated as 

follows: 

Free whey g/100g =
weght of initial sample − Weght of sample after filtration

Weight of initial sample
 

Rheological measurements 

Apparent viscosity of the Bio-yoghurts was measured at 20°C using a Brookfield DV-II+ 

viscometer (Stoughton, MA, USA). (Bradley et al., 1992). Samples of Bio-yoghurt with/without 

oat flour were collected and was studied by means of apparent viscosity measurement at 20°C. 

Temperature was maintained by immersing the sample holder in warm water bath at the 

appropriate temperature. The viscosity readings were taken at three minutes interval with three 

replications. Apparent viscosity was determined based on (Bourne, 1982) as in Equation: 

 μa = kn-1 
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Where: μa = apparent viscosity (pa.s),    

n = power law index. 

k = consistency index (NS/m2),   

= rotational shear rate (rpm or s-1) (3, 6, 12, 30, 60 rpm) 

Determination of extent of proteolysis: 

Preparation of filtrates for biochemical analyses: The trichloroacetic acid (TCA) filtrates of 

samples, removed at 0 and 6 h of incubation, was prepared and stored. The filtrates of fresh (day 

1) and stored (days 7, 14 and 28) low-fat yogurt samples were prepared by centrifuging at 4000 × 

g for 30 min at 4 °C. The filtrates of unfermented samples (0 h) were prepared by lowering their 

pH to 4.5 with acetic acid followed by centrifugation at 4000 × g for 30 min at 4 °C. All the 

supernatants thus obtained were filtered and stored at -20 °C until assayed. 

Proteolytic activity of all cultures was determined by the method of (Church et al. 1983). Three 

milliliters of OPA reagent was added to 150 mL of the TCA filtrate and vortexed for 5 s. 

Absorbance at 340 nm was measured after 2 min at room temperature, using NovaSpec®-II 

Spectrophotometer (Pharmacia, England, UK). The increase in free amino acids content was 

calculated by subtracting the absorbance at 0 h from that at 6 hr. Similarly, the readings of the 0 

h samples as well as the reagent blank were deducted from the corresponding readings of fresh 

and stored Bio-yogurt samples to obtain the amount of free amino acids released as a 

consequence of the Proteolytic activity of the starter cultures.  

3.4.2. Proximate Composition Analysis 

Protein content  

The crude protein content was determined by the Dumas method (nitrogen combustion analysis 

method) as described by the AOAC (2006). A nitrogen analyser, model FP 2000 (LECO Africa 

Pty, Ltd., Kempton Park, S.A.) was used. The nitrogen values obtained were transformed to the 

percentage protein using the formula: 

% Protein = % Nitrogen x 6.38 

Where: 6.38 is the conversion factor for dairy products. 
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Based on the theory of this method, the sample is turned into gas by introducing oxygen during 

combustion. Nitrogen is freed by proteolysis and swept by a CO2 carrier into a nitrometer where 

CO2 is then absorbed in potassium hydroxide. Nitrogen is then measured with a T-cell (gas 

chromology). 

 

Determination of Crude Fat 

Crude fat was determined according to (AOAC, 2000) official method (450.1) by exhaustively 

extracting a known weight of sample in petroleum ether (boiling point, 40 to 60 0C) in a soxhelt 

extractor. The extraction flask were cleaned, dried in drying oven at 920C for 1hour, cooled in 

desiccators for 30 minutes, and then weighed. About 2.00 g of fresh samples were added into the 

extraction thimbles, and then covered with about 2cm layer of fat free cotton. The thimbles with 

the sample content were placed into soxhelt extraction chamber. The cooling water was switched 

on, and a 70 ml of petroleum ether was added to the extraction flask through the condenser. The 

extraction was conducted for about 4 hrs. The extraction flasks with their content were removed 

from the extraction chamber and placed in the drying oven at 92 0C for about 1 hr., cooled to 

room temperature in the desiccators for about 30 minutes and re-weighed.  

Finally the amount of fat was quantified gravimetrically and calculated from the difference in 

weight of the extraction flask before and after extraction as percentage using the formula.  

Weight of fat (WF) =  Wa − Wb 

Crude Fat content (
g

100
) =  

WF (100 − moisture (%))

Wd
 

Where: Wa = weight of extraction flask after extraction, g. 

 Wb = weight of extraction flask before extraction, g. 

             Wd = dried sample obtained after determination of moisture, g. 

Determination of Crude Fiber  

Crude fiber analysis was conducted using the method of (AOAC, 2000) official method (962.09) 

and determined after digesting a known weight of the sample by refluxing 1.25% boiling sulfuric 

acid and 28% boiling potassium hydroxide. The crucible was cooled in the desiccators and 

weighed.  
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Crude fiber content (
g

100
) =  (

(W1 − W2)  ∗ (100 − M)

W3
) 

Where, W1 = crucible weight after drying, g 

W2 = crucible weight after ashing, g 

W3 = dry weight, g 

M = % moisture of the sample 

Determination of Moisture Content 

Moisture of the sample was determined according to (AOAC, 2000) using the official method 

(925.09). Empty porcelain dishes and their lids was dried using drying oven for 1 hour at 100 0C 

and cooled for 30 minute in the desiccators (with granular silica gel),. A clean dried and covered 

dish was weighed and about 5 g of the sample was transferred to the dish. The dish then placed 

in the oven at 100 0C for 5 h and cooled in desiccators and re-weighed.  

Then, the moisture content was estimated by the formula:- 

Moisture content [%] = (
weight of fresh sample − weight of dry sample

weight of fresh sample
) ∗ 100 

Determination of Total Ash 

The ash content was determined by using (AOAC, 2000) the official method (923.03). The 

ashing porcelain dishes were placed into a muffle furnace for 30 min at 550 oC. The dishes were 

removed and cooled in a desiccator (with granular silica gel) for about 30 minutes to room 

temperature; each dish was weighed to the nearest g. About 2.5 g of oat flour sample was added 

into each dish.  

The dishes were placed on a hot plate under a fume-hood and the temperature was slowly 

increased until smoking ceases and the samples become thoroughly charred. The dishes were 

placed inside the muffle furnace at 550 0C for 6 hr., and removed from the muffle and then 

placed in desiccators for 1hr to cool. Finally weight of total ash was calculated by difference and 

expressed as percentage using the formula:  

Total Ash (%) = [
W2 − W

W1 − W
] ∗ 100 

          Where:   W = weight in grams of empty dish, g 



39 

 

W1 = weight in grams of the dish plus the dried test material, g 

W2 = weight in grams of the dish plus ash, g 

Total solids content 

Total solids were determined using a direct forced air oven drying method (Bradley et al., 1992; 

AOAC, 1999). The value was obtained using the formula: 

% Total solids = [(W2 - W) - B] x 100 

      (W1 -W) 

Where: W = the mass in grams of the empty dish, g 

  W1 = the mass in grams of dish + Bio-yoghurt sample, g 

  W2 = the mass in grams of dish + dried Bio-yoghurt, g 

   B = the mean mass in grams of the blank, g 

Total carbohydrates  

The percentage of total carbohydrates (TC) is a calculated value obtained by difference AOAC 

(2006).Total carbohydrates are expressed as the percentage of the simple sugars, mainly glucose 

and galactose, formed as a result of the degradation of lactose as well as sucrose from the added 

fruit pulps. The percentage total carbohydrates was calculated as follows: 

% TC = 100 - % (moisture + protein + fat + ash) 

3.4.3. Microbiological analysis 

Sample preparation 

Before the microbial analysis the sample is expected to be homogenized. Homogenization was 

done in the stomacher at high speed by adding twenty five grams of sample and 225 ml sterile 

peptone water. After the preparation of this 10-1 serial dilution the next step was preparing ten-

fold serial dilutions by transferring using sterile pipette; One ml of the initial inoculum was 

transferred into 9 ml of sterile pepton water. The procedure was repeated for many serial dilution 

as required (10-2, 10-3, 10-4 etc.). Then mixing was maximized using a vortex mixer for 10 

seconds. After inoculation and incubation the number of colonies were counted and multiplied 

by the dilution factor. To calculate the total colonies forming units per gram of sample: (IDF, 

1985). 
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CFU

ml
of original sample =

CFU/plate X dilution factor 

ml of a liquate plated 
 

The total viable bacterial, yeasts & mould and coliform counts were determined according to 

(IDF, 1985), in the same order. 

Aerobic Mesophilic Count (AMC): point one ml of each required dilution, prepared by using 

the above procedure, and was aseptically spread plated on plate count agar using L-shaped glass 

rods into a labeled petri-dish in duplicate. The petridish was inverted and incubated in an 

incubator at 30 0C for 24 hrs. Finally calculate total colonies using above equation. 

Yeast and mould: similarly 0.1 ml of from required dilution was aseptically spread plated on 

potato dextrose agar using L-shaped glass rods on to a labeled petri-dish in duplicate. The 

petridish was inverted and inoculated in an incubator at 22 0C for 3 to 5 days. Finally calculate 

total colonies using above equation.  

3.4.4. Sensory Evaluation 

The overall quality and acceptability of Bio-yoghurt samples were assessed by a consumer 

oriented panel on day 1 only. All products were coded and arranged in random order. Bio-

yoghurt samples made were evaluated by consumer oriented panel of 10 judges, comprising of 

students at Department of Chemical Engineering (Food Engineering stream), Addis Ababa 

Institute of Technology (AAiT). The sensory attributes evaluated were colour, appearance, 

consistency, mouth feel, flavour and general acceptability. A seven point hedonic scale was used. 

(Appendix I). 

3.4.5. Shelf stability study 

Samples were packaged in plastic cups and stored at refrigeration temperatures at 4±1°C for 

further analysis. The parameters of storage consisted of pH value, Titratable acidity, viscosity, 

and AMC and yeast-mold count. 

3.4.6. Statistical analysis   

Statistical analyses for the result of proximate, microbial and physico-chemical descriptive 

analysis were carried out by using statistical soft wares of JMP and SPSS 16.0, Analyses of 



41 

 

variance (ANOVA) procedure and significance was set at 5% level. Each value was the mean ± 

SD of duplicates. 
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CHAPTER FOUR 

Results and Discussion  

The production of low fat probiotic Bio-yoghurt from partially skimmed milk mixed with oat 

flour (8%,12% and 16% individually in each Bio-yoghurt formulation), at 6 h fermentation time, 

as well as at storage time (7 days,14 days and 21 days); subsequent changes in physico-chemical 

and microbiological of Bio-yoghurt samples were observed. And the sensory analyses of final 

fresh Bio-yoghurt were also analyzed. Comparisons were drawn in between control (0% flour) 

and oat flour based Bio-yoghurt. The control used for comparison in this study was prepared 

from skimmed milk with the superior quality as recommended by other researchers (Tamime and 

Deeth, 1980).To explain the variation of quality of Bio-yoghurt samples at various conditions are 

presented in the following tables.  

4.1. Proximate chemical composition  

4.1.1. Proximate composition of raw materials  

The proximate composition and mineral content of oat flour and skimmed milk were used as raw 

materials for production of low fat probiotic Bio-yoghurt and presented in Table 4.1 and 4.2. 

From the results shown there were variations in the proximate composition in (%) and mineral 

(mg/100g) contents between samples.  

Moisture (89.05± 0.07) content of skimmed milk were found to be higher than that of oat flour. 

On the other hand oat flour was shown to have a significant (P<0.05) higher content of protein 

(16.94±0.02) and fat (6.12±0.02) than skimmed milk which contained 3.51±0.01and 0.31±0.01; 

respectively. While, the ash contents of oat flour (1.82±0.02) and skimmed milk (0.86± 0.08); 

were significant different (P>0.05) with each other. Hence Low fat Bio-yoghurt is much more 

beneficial from health point of view in comparison to full fat Bio-yoghurt because full fat milk 

yoghurt tends to be more susceptible to both oxidative and hydrolytic rancidity the hot tropical 

climates that are experienced in many parts of Africa are associated with high ambient 

temperatures. The development of off-flavour as a result of oxidative rancidity increases with 

increasing temperature. In addition to being shelf-stable, skim milk has most of the nutritional 

benefits of full fat milk. (Walstra & Jennies, 1984).   
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Table 4.1: Proximate composition of raw materials. 

Type proximate composition(g/100g) 

 % Moisture % Protein % Fat %crude Fiber % Ash 

Skimmed 

milk 

89.05± 0.07 3.51± 0.01 0.31±0.01 - 0.86± 0.08 

Oat flour 5.62±0.01 16.94±0.02 6.12±0.02 4.94±0.02  1.82±0.02 

All values are means of triplicate ± standard deviation                      

Values except moisture are expressed in dry weight basis (DWB).   
 

Significant variations in the essential minerals content among the raw materials were observed. 

Oat flour was shown to have significant (P<0.05) higher levels of Mg (258.66 ± 0.01) than that 

of skimmed milk (11.04 ± 0.01), but it had a lower Ca (21.99 ± 0.01) with respect to skimmed 

milk (129.12 ± 0.01). But in these findings all raw materials used for preparation of low fat Bio-

yoghurt showed that skimmed milk and oat flours could be good sources of these essential 

minerals. 

Table 4.2:  Mineral composition of raw material (mg/100 g).  

Type Mineral content(mg/100g) 

 K Ca Mg 

Oat 143.03 ± 0.01 21.99 ± 0.01 258.66 ± 0.01 

Skimmed milk  165.08 ± 0.02 129.12 ± 0.01 11.04 ± 0.01 

 All values are means of triplicate ± standard deviation 
 

4.1.2. Proximate composition of Bio-yoghurt 

Proximate compositions and mineral contents of the final low fat Bio-yoghurt with different 

processing parameters are shown in Table 4.3. The major factors influencing the composition of 

the Bio-yoghurt are the ratio of raw materials, processing procedures, length of fermentation and 

also the metabolic and chemical changes during processing. The proximate and mineral content 

of control (0% flour) is also presented for comparisons.  

The moisture content was significantly (P<0.05) decreased in all low fat Bio-yoghurt (Table 4.3 

and) as compared to the control with a difference in flour formulation. From oat flour added Bio-

yoghurts; sample code BY1 (8% oat flour) was shown significant higher moisture content 
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(76.01±0.01%) and Sample code BY3 (16% oat flour) was the lower moisture content 

(66.09±0.01%) than other sample but, they had lower moisture content than control 

(86.66±0.01). 

The protein content was significantly (P<0.05) increased in all low fat Bio-yoghurts (Table 4.3) 

as compared to the control, this may be because the water content decreases and the nutrients 

become more concentrated during processing. From oat flour based low fat Bio-yoghurts; sample 

code BY3 were found significantly (p<0.05) higher protein content (10.29±0.01) than other 

samples. In general from the results shown that all oat flour based samples had higher protein 

content than control (3.05±0.01). Unlike that of moisture content the higher replacement of 

flours was found higher protein contents for the oat flour based low fat Bio-yoghurt. %).  These 

results are also in line with findings of Duitschaver and Arnett (1972) who reported that yoghurt 

was higher in protein content due to the absence of dilution effect. From a nutritional point of 

view, the inclusion of oat in skim milk improved the protein content (Table 4.3). 

Table 4.3: Proximate composition of low fat Bio-yoghurt. 

Type % Moisture %crude 

Protein 

%Crude 

Fat 

%crude 

Fiber 

% Ash Others  

BY0 86.66±0.01a 3.05±0.01d 0.30±0.01d - 0.61±0.01d 9.30± 0.01d 

BY1 76.01±0.01b 6.30± 0.14c 1.21± 0.01c 4.03±0.02b 0.99± 0.01c 11.70± 0.00b 

BY2 72.82±0.02c 7.30±0.02b 3.72±0.02b 4.80±0.29a 1.30±0.01b 10.02± 0.03c 

BY3 66.09±0.01d 10.29±0.01a  4.77±0.01a 4.97±0.01a 1.31±0.02a 13.00± 0.03a 

All values are means of triplicate ± standard deviation 
Means with the same superscript letters within a column are not significantly different (p>0.05)                         
Values except moisture are expressed in dry weight basis (DWB). 
BY0 = Control Bio-yogurt prepared from skim milk only.  
BY1 = Bio-yogurt prepared from skim milk and 8 % (m/v) Oat flour.  
BY2 = Bio-yogurt prepared from skim milk and 12 % (m/v) Oat flour.  
BY3 = Bio-yogurt prepared from skim milk and added 16 % (m/v) Oat flour.  
 

Similar to protein content; the fat content was also significantly (P<0.05) increased in all dry 

fermented sausages (Table 4.3); this may be because the water content reduced and the nutrients 

become more concentrated during processing. From oat flour based Bio-yoghurt samples; sample 

code BY3 scores significantly higher amount of fat content (4.77±0.01) than other samples and 

from that control (0.30±0.01). Fermented dairy products have been reported to be more nutritious 

than the milk from which they are made (Ayebo and Shahani, 1980).The higher nutritional value 
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of these products has been attributed to the increased production or availability of certain 

nutrients and to the pre-hydrolysis of the major milk Components by lactic starter cultures, 

rendering them more digestible. 

Fiber contents were shown a significant increase in all types of low fat Bio-yoghurts, as shown in 

Table 4.4. From oat flour based Bio-yoghurts; the higher content of fiber was shown in sample 

codes BY3 (4.97±0.01) and the lower (4.03±0.02) was found in sample code BY1, but it scores 

higher fiber content than control which has no fiber in it. The amount of crude fibers was 

apparently increased with blending of higher amounts of flours as a result of the consumption of 

the simple carbohydrates in the fermentation process. 

The ash content of a food sample gives a reflection of the mineral elements present in the food 

sample. From oat flour based Bio-yoghurts; higher ash contents (1.30±0.01 and 1.31±0.02) were 

found in sample BY2 and BY3; respectively. The control was contained the lowest ash contents 

(0.61±0.01) than oat flour based low fat Bio-yoghurts. 

The mineral composition of low fat Bio-yoghurt is shown in Table 4.4.There were also a 

significant (P<0.05) increase in mineral components for the final oat flour based low fat Bio-

yoghurts as compared to the control, but a significant (P>0.05) decrease in Mg mineral 

components for final low fat Bio-yoghurts as compared to raw material mineral compositions; 

this may be because of heat treatments during Bio-yoghurt processing technology; it’s because, 

during the long time high temperature pasteurization process the microstructure of the complex 

matrix may disrupt and release some of the micro components. 

Table 4.4: Mineral composition of Bio-yoghurt (mg/Kg). 

Sample  K Ca Mg 

BY0 228.3±0.05a 162.83±0.04a 16.23±0.05a 

BY1 233.03±0.05b 167.2± 0.17ab 16.98± 0.29a 

BY2 245.01±0.01bc 169.01±0.01b 18.21±0.01ab 

BY3 254.60±0.01c 168.13±0.02ab 20.34±0.01b 

All values are means of triplicate ± standard deviation 
a-b Means with the same superscript letters within a column are not significantly different (p>0.05)                         
Values except moisture are expressed in dry weight basis (DWB). 
BY0 = Control Bio-yogurt prepared from skim milk only.  
BY1 = Bio-yogurt prepared from skim milk and 8 % (m/v) Oat flour.  
BY2 = Bio-yogurt prepared from skim milk and 12 % (m/v) Oat flour.  
BY3 = Bio-yogurt prepared from skim milk and added 16 % (m/v) Oat flour.  
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4.2. Physico-chemical analysis  

4.2.1. Changes in pH during manufacturing of Bio-yoghurt 

Changes in pH during fermentation of low-fat Bio-yoghurt is shown in Table 4.5. The pH of 

skim milk dropped to around 4.61 during the first 3 h of incubation, irrespective of the presence 

of oat flour. Thereafter, the pH of milk containing 8% oat flour dropped steeply in the next 30 

min of incubation and then at a slower rate for the remaining period of incubation as compared to 

milk containing 12% oat flour and 16% oat flour. However, in the later part of fermentation, the 

pH decrease in all oat containing treatments was almost parallel and reached the end point of 

preparation, pH 4.50, in about the same time compared to the control. A similar trend in the pH of 

probiotic yoghurts made from cow milk was reported by Walstra (2006). 

Table 4.5: Average of changes in pH during manufacture of low fat Bio- yoghurt. 

Period of incubation Type of bio-yogurt 

BY0 BY1 BY2 BY3 

0 h 4.83±0.53a 6.44±0.05a 6.48±0.67a 6.51±0.72a 

3 h 4.61±0.26b 5.84±0.22b 5.88±0.16b 5.89±0.15b 

3 h 30 min 4.48±1.03c 5.48±0.86b 5.48±0.86b 5.49±0.86b 

4 h 4.47±1.65c 4.93±1.51c 5.00±1.14c 5.09±0.28c 

4 h 30 min 4.44±1.96c 4.64±1.92c 4.71±0.82d 4.77±0.73d 

5 h  4.33±1.44d 4.51±1.10d 4.55±1.05d 4.60±1.97d 

5 h 30 min 4.30±0.16d 4.53 ±0.07d 4.55 ±0.05d 4.56 ±0.03d 

Values presented are mean ±SD 
a-d Means with the same superscript letters within a column are not significantly different (p>0.05) 
BY0 = control Bio-yogurt prepared from skim milk only.  
BY1 = Bio-yogurt prepared from skim milk and 8 % (m/v) Oat flour.  
BY2 = Bio-yogurt prepared from skim milk and 12 % (m/v) Oat flour. 
BY3 = Bio-yogurt prepared from skim milk and added 16 % (m/v) Oat flour. 
 

4.2.2. pH Changes of Bio-yoghurts during storage at 4oc for 21 days. 

The changes in pH in stored samples of the types of low-fat bio yoghurt are given in Table 4.6. 

The pH of all treatments fresh Bio-yogurts (day 1) is slightly different than the final pH observed 

at the end of fermentation (Table 4.5). This is due to the equilibration time given during the 

storage of the freshly fermented yogurts at 4 °C for 18 h as well as the higher temperature of the 

freshly fermented samples as compared to the stored samples. Moreover, the pH of Bio-yogurts 
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containing oat flour was higher than the control. This difference in the rate of pH decrease in the 

control Bio-yoghurt was resulted from lower buffering capacity due to its lower protein content 

compared to that of the oat containing Bio-yoghurts. 

All types of Bio-yogurt showed a significant (P < 0.05) drop in pH during the 1st week of 

storage. Thereafter, the change (0.02 to 0.05 pH units) was not significant for control, 12%and 

16% but the drop (0.1 pH units) was significant (P < 0.05) for 16% for the 2nd week also, after 

which there was no change in its pH. All the samples reached a similar pH (4.25-4.29) towards 

the end of storage. The decrease in the pH of the fermented cereals (fermented products which 

are a mixture of cereal and water or milk in a small proportion), the decrease in pH shows that 

the fermentation in a given type of product is taking place, with increased temperature of 

incubation agrees with work by Cooke et al. (1987) in which they evaluated acid production at 

15°C, 25°C, 30°C and 37°C in yoghurt.  

Table 4.6: pH of Bio-yogurts changes during storage 4 °C for 21 d. 

Type of Yogurt Storage period 

  Day 0 Day 7 Day 14 Day 21 

BY0 4.49±0.02b 4.32±0.01a 4.30±0.01b 4.28±0.01b 

BY1 4.54 ±0.01a 4.35±0.03a 4.31±0.01b 4.29±0.01b

BY2 4.56 ±0.01a 4.35 ±0.01a 4.34±0.02 ab 4.29±0.01b 

BY3 4.57 ±0.01a 4.36 ±0.02a 4.37±0.02a 4.34±0.01a 

Values presented are mean ±SD 
a-d Means with the same superscript letters within a column are not significantly different (p>0.05)     
BY0 = Control Bio-yogurt prepared from skim milk only.  
BY1 = Bio-yogurt prepared from skim milk and 8 % (m/v) Oat flour.  
BY2 = Bio-yogurt prepared from skim milk and 12 % (m/v) Oat flour.  
BY3 = Bio-yogurt prepared from skim milk and added 16 % (m/v) Oat flour.  
 

4.2.3. Changes in proteolysis of low fat Bio-yoghurt 

The changes in the extent of proteolysis as measured by the amount of free amino acids (Δ 

absorbance at 340 nm) in the fresh and stored samples of  low-fat Bio-yogurt is shown in Table 

4.7. The starter cultures showed higher (P < 0.05) Proteolytic capability in fresh yogurts 

containing 16% oat flour (0.48) as compared to those containing 12% oat flour (0.37) and the 

control (0.34). There was a significant (P < 0.05) improvement in this ability during the 1st 

Week of storage in both 12% and 16% oat containing Bio-yoghurt samples, but the increase was 
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not significant in control and 8 % treatments. All Bio-yoghurt showed a high increase in the 

amount of free amino acids towards the end of the storage period (day 21) at 4 °C. These 

increases were highly more significant in a control and 12% and in 8% (P > 0.05). This agreed 

with works published by (Miller & Kandler, 1967; Graham et al., 1986).  

Aim suggested that the denaturation and hydrolysis of proteins during fermentation results in the 

formation of smaller, more digestible curds (Aim, 1982).Pre-hydrolysis of milk protein, as 

indicated by increased levels of free ammo acids, occurs during the manufacture of yogurt (Rasic 

et al., 1971). 

Table 4.7: Proteolysis (Δ absorbance at 340 nm) in Bio-yoghurt stored at 4 °C.  

Type of yoghurt Storage period 

Day 0 Day 7 Day 14 Day 21 

                                                    Proteolysis 

BY0 0.34±0.01bc
 0.34±0.01c 0.48±0.03c 0.51±0.01c 

BY1 0.32±0.02c
 0.34±0.01c 0.52±0.02b

 0.54±0.01bc 

BY2 0.37±0.01b
 0.43±0.02b 0.54±0.01b

 0.55±0.01b 

BY3 0.48±0.01a
 0.59±0.01a 0.58±0.02a 0.76±0.01a 

Values presented are mean ±SD 
a-b Means with the same superscript letters within a column are not significantly different (p>0.05)     
BY0 = Control Bio-yogurt prepared from skim milk only.  
BY1 = Bio-yogurt prepared from skim milk and 8 % (m/v) Oat flour.  
BY2 = Bio-yogurt prepared from skim milk and 12 % (m/v) Oat flour.  
BY3 = Bio-yogurt prepared from skim milk and added 16 % (m/v) Oat flour.  
 

The bacterial starter cultures that are used in the manufacture of Bio-yoghurt tend to utilize 

Proteolytic enzyme systems as a means of making protein and peptide nitrogen available from 

the milk protein (Law & Kolstad, 1983). Proteolysis of the proteins in the milk leads to the 

formation of free amino acids which the bacterial cell utilize for cell growth; Pre-formed amino 

acids are, therefore, a requirement for lactic acid bacteria. It may be that the careful selection of 

starter cultures which bring about desired changes in fermenting milk has led to the development 

of Proteolytic systems in the bacteria that efficiently break down milk protein to produce free 

amino acids and the desired organoleptic properties (Law & Kolstad, 1983; Thomas & Pritchard, 

1987). 
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4.2.4. Effect of stabilizer 

The results for the effect of corn starch stabilizers are shown in Table 4.8. These results are 

expressed in terms of the physico-chemical properties of Bio-yoghurt which include pH, 

viscosity, and percentage of syneresis and Titrable acidity, respectively. 

 The dynamic change was very similar in all samples of Low fat Bio-yoghurts. From corn starch 

stabilizer added samples: sample contain 1.5% corn starch minimum pH and higher TA values 

(4.38±0.01 and 0.71±0.01; respectively) were recorded. While, sample contain 2.5% corn starch 

maximum pH value and TA values (4.47±0.01 and 0.65±0.01; respectively) were recorded. On 

the other hand, from corn starch stabilizer added samples: minimum syneresis and higher 

viscosity values (6.51±0.01and 13.01±0.01; respectively) were recorded in sample contain 2.5 % 

corn starch stabilizer while, in sample contain 2 % corn starch maximum syneresis and lower 

viscosity values (7.12±0.02and 12.31±0.01; respectively) from that of 2.5% sample were 

recorded.  

Stabilizers are often added to the milk base to enhance or maintain the appropriate yogurt 

properties including texture, mouthfeel, appearance, and viscosity/consistency and to the 

prevention of whey separation the use of stabilizers may help in providing a more uniform 

consistency (wheying-off) (Tamime and Robinson, 1999). Generally, addition of corn starch 

stabilizer produced a lesser amount of whey and produced yoghurt with more sour and higher 

viscosity (Table 4.8). 

Addition of 2.0% and 2.5% corn starch had a softer texture and fewer whey than that with 1.5% 

corn starch. However, based on literature review 2.0% corn starch stabilizer was chosen for this 

research.  
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Table 4.8: Physical and chemical characteristics of Bio-yogurt based on amount of stabilizers. 

 

All values are means of triplicate ± standard deviation 

  a-b Means with the same superscript letters within a column are not significantly different (p>0.05)        

The decrease in syneresis and increase in viscosity during the addition of corn starch stabilizer is 

because, that the corn starch stabilizer added in the Bio-yoghurt fermentation can take part in the 

formation of a strong complex protein matrix gel, which is an important and main structure 

during fermentation, and trap the available free water in the micro structure; hence a draining of 

water in the form of whey decreases and that of viscosity will increase.   

4.2.5. Effect of oat flour on Changes of spontaneous whey separation 

Data for spontaneous why separation of fresh low fat Bio-yoghurt samples are presented in Table 

4.9. The level of oat flours affected (P<0.05) color of dry fermented sausages. Oat flour based 

low fat Bio-yoghurt resulted in significantly lower syneresis values (P>0.05) than that of control. 

The same results were reported by Lorri & Svanberg (1993), during the preparation of the gruels, 

the starch structures took-up some water (Dannenberg & Kessler, 1988), who showed that 

increasing concentration of ingredients decrease the syneresis values of the final yoghurt. 

 

 

 

 

 

 

Stabilizer(corn 
starch) 

pH Viscosity (cP) 
(X 103) 

Syneresis % Titrable 
acidity (%w/w) 

1.5% 4.38±0.01c 8.91±0.01c 
 

8.21±0.01b 0.71±0.01a 

 2.0% 4.39±0.02c 
 

12.31±0.01b 
 

7.12±0.02c 0.65±0.01b 

2.5% 4.47±0.01b 
 

13.01±0.01a 
 

6.51±0.01d 0.65±0.01b 

Control 4.60±0.01a 
 

2.8± 0.01d 
 

9.42±0.02a 0.51±0.01c  
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Table 4.9: Physico-chemical analysis of Bio-yoghurt.   

Type of yoghurt pH Syneresis TA App. Viscosity 

BY0 4.49±0.02b 8.31±0.01a 0.87±0.01a 0.66±0.01d 

BY1 4.54 ±0.01a 4.91±0.01b 0.73±0.01b 0.76±0.01c 

BY2 4.56 ±0.01a 4.11±0.01c 0.67±0.01c 0.80±0.01b 

BY3 4.55 ±0.01a 3.2±0.02d 0.62±0.01d 0.83±0.01a 

Values presented are mean ±SD 
a-b Means with the same superscript letters within a column are not significantly different (p>0.05)     
BY0 = Control Bio-yogurt prepared from skim milk only.  
BY1 = Bio-yogurt prepared from skim milk and 8 % (m/v) Oat flour.  
BY2 = Bio-yogurt prepared from skim milk and 12 % (m/v) Oat flour.  
BY3 = Bio-yogurt prepared from skim milk and added 16 % (m/v) Oat flour.  
 

Assessment of syneresis and apparent viscosity; during storage of low fat Bio-yoghurt are 

presented in Table 4.10. Dairy products with a lowered fat content and aimed at lowering the 

daily energy intake may lack the mouthfeel associated with foods containing fat. Starches and 

most prebiotic ingredients changed viscosity of low-fat set yoghurt (Table 4.10). 

Table 4.10: syneresis (%) and apparent viscosity (pa.s) of bio-yoghurt during storage. 

Type Storage periods 

   0 Day 7th Day 14th Day 21st Day 

 Syns.  App.V Syns. App.V Syns. App.V Syns. App.V. 

Control 5.3±0.3c 0.79±0.05a 4.2±0.5b 0.78±0.03a 2.9±0.6b 0.76±0.08a 1.8±0.2a 0.78±0.03a 

BY1 4.1±0.1b 0.84±0.07a 3.8±0.3b 0.83±0.08a 2.2±0.4a 0.81±0.06a 1.4±0.1a 0.82±0.05a 

BY2 4.9±0.8c 0.75±0.01a 2.9±0.5b 0.82±0.08a 1.4±0.0a 0.84±0.08a 1.3±0.1a 0.84±0.07a 

BY3 1.5±0.1b 0.65±0.01a 1.2±0.1b 0.75±0.01b 1.2±0.3b 0.84±0.03c 0.4±0.1a 0.90±0.06c 

Values presented are mean ±SD 
a- c Means with the same superscript letters within a column are not significantly different (p>0.05)     
BY0 = Control Bio-yogurt prepared from skim milk only.  
BY1 = Bio-yogurt prepared from skim milk and 8 % (m/v) Oat flour.  
BY2 = Bio-yogurt prepared from skim milk and 12 % (m/v) Oat flour.  
BY3 = Bio-yogurt prepared from skim milk and added 16 % (m/v) Oat flour.  
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The composition of processing milk, especially content of dry matter, protein and carbohydrates 

is one of the basic factors influencing sensory features, texture and rheological properties of 

yoghurt. From oat flour based Bio-yoghurts; sample code BY3 showed a significantly (p<0.05) 

higher apparent viscosity of 0.65±0.01 and 0.90±0.06 from the 1st day of storage up to the 21st 

day, respectively. The addition of Oat flour caused significant increase in apparent viscosity of 

Bio-yoghurt in comparison to control yoghurt. It could be assumed that oat flour is the part of the 

structural network being formed during fermentation and structuring of yoghurt. As reported by 

Tamime and Robinson (1985), higher contents of Solids in the yoghurt promote greater viscosity 

of final products. The control Bio-yoghurt exhibited high value of syneresis (Table 4.10). The 

volume of separated whey the decreased from 5.3% to 1.8% after 21 days of refrigerated storage. 

The oat flour addition caused decrease in syneresis. The most significant decrease in syneresis 

was observed during refrigerated storage of yoghurt obtained with the addition of 16% oat flour. 

Addition of 8% and 12% to Bi-yoghurt caused significant decrease in syneresis. Prebiotics added 

are the water-structuring agents, hence act as a thickener and can form complexes (H-bridge 

formation) with the protein aggregates in the yoghurt. 

4.3. Effect of oat flour on microbial growth of Bio-yoghurt 

The study of microbial load in low fat Bio-yoghurt samples was of primary importance to 

produce safe and good quality product and also, to understand the physical and chemical changes 

during fermentation. Each microorganism can be either beneficial or harmful to the consumer. 

Hence, the microorganisms involved in the fermentation of sausage and their microbial load 

must be known so as to decide the safety and quality of the produced low fat probiotic Bio-

yoghurt. Mean comparison, using a SPSS software one-way analysis of variance, of the counts of 

the different groups of microorganisms (AMC, YM, and coliform) associated with different 

formulations for making of low fat probiotic Bio-yoghurt is shown under the following Table. 
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Table 4.11: Microbial growth on Bio-yoghurt during storage. 

Sample code Storage periods(day) 
Microbial load  

   AMC   Y&M Coliform 

Control 

1st day 7.05±0.07a 4.16±0.08d 0.29±0.14a 

7th day 6.85±0.07b 4.55±0.07c 0.29±0.01a 

14th day 6.70±0.01bc 5.10±0.09b 0.29±0.01a 

 21st day 6.46±0.06c 6.20±0.05a 0.28±0.04a 

BY1 

1st day 7.25±0.07bc 3.60±0.14c 0.28±0.04a 

7th day 7.40±0.01a 3.85±0.07c 0.28±0.05a 

14th day 7.30±0.04b 4.14±0.14b 0.29±0.01a 

 21st day 7.10±0.07c 5.20±0.14a 0.29±0.01a 

BY2 

1st day 7.90±0.14ab 3.35±0.07c 0.29±0.01a 

7th day 7.95±0.04a 3.50±0.14c 0.29±0.01a 

14th day 7.75±0.07b 4.20±0.14b 0.28±0.02a 

 21st day 7.39±0.01c 5.00±0.14a 0.29±0.01a 

BY3 

1st day 8.20±0.14b 3.85±0.07b 0.29±0.01a 

7th day 8.25±0.07ab 3.80±0.14bc 0.29±0.01a 

14th day 8.30±0.14a 3.65±0.07c 0.29±0.01a 

 21st day 7.75±0.07c 4.80±0.14a 0.29±0.05a 

FAO limits   8-9 Less than 5 Less than 0.3 

Values presented are mean ±SD 
Means with the same superscript letters within a column are not significantly different (p>0.05)     
AMC: Aerobic Mesophilic Count (log10CFU/g), Y&M: yeast and mold (log10CFU/g), Coli: Coliform 

During storage days, AMC counts for the control Bio-yoghurt showed a decrease (P > 0.05) and 

found the value of 7.05±0.07 to 6.46±0.06 from the 1st day to the 21st day of storage Table 4.11 

From oat flour based Bio-yoghurt samples: sample code BY3 (16 % oat flour) showed a 

significantly (p<0.05) AMC count 8.20±0.14 to 7.75±0.07 during a storage days of 1st up to 21st 

day. Sample coded with BY1 had a lower AMC count during the storage days of 1st to 21st with 

the values of 7.25±0.07 and 7.10±0.07, respectively with a slight increase in the 7th and 14th days 

of storage 7.40±0.01 and 7.30±0.04, respectively. But the values scored by the sample coded 

BY1 was significantly (p<0.05) higher than the control. Total number of probiotic contributing 

to health status is still controversial, but some researchers states that the therapy dosage is 

between 106-109 cfu/ml (Zubillaga et al., 2001) and decrease in number of counts days of storage 

increases is may be due to death of the viable count of microbes in the Bio-yoghurt samples. 
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Death of probiotic bacteria in products is due to a number of factors including H2O2 produced by 

starter bacteria, oxygen content, pH, storage environment and concentration of metabolites such 

as lactic and acetic acids (Akalin et al., 2007). 

Molds and yeasts were found in low numbers when compared to AMC. Counts of molds and 

yeasts found in the final low fat probiotic Bio-yoghurts are normal. Oat flour based low fat Bio-

yoghurts were shown an YM count in the range of 3.60±0.14 to 5.20±0.14 for sample code BY1 

and 3.85±0.07 to 4.80±0.14 for sample code BY3. On the other hand¸ control Bio-yoghurt were 

shown an YM count in the range of 4.16±0.08 to 6.20±0.05 during storage periods of 1st to 21st 

days, respectively.  

Estimation of shelf-life the extent of growth of certain classes of microorganisms and changes in 

sensory parameters are widely used to mark end of shelf-life of foods. Psychrotrophic counts 

have been reported as being the major determinant of shelf-life of pasteurized cream and time to 

doming of yogurt containers showed a linear relationship with yeast and mold counts (Muir, 

1996; Lewis & Dale, 2000). 

On the other hand, both the control and oat flour based low fat Bio-yoghurts were shown 

coliform counts in the range of 0.29±0.14 for all samples. This shows the Bio-yoghurt samples 

without addition of flours is highly susceptible to microorganisms than flour added samples.  

4.4. Sensory quality 

Sensory quality is a widely used method in order to test the organoleptic properties of food 

products (Casaburi et al., 2007). In this study, the criterion demanded was that the incorporation 

of oat flour to the production of low fat probiotic Bio-yoghurt should either alter, maintain or 

improve the textural and sensory characteristics of the final Bio-yoghurt as compared with the 

control (familiar in our country). The mean scores of the sensorial attributes (color, mouth feel, 

texture, appearance, flavor and overall acceptability) for low fat probiotic Bio-yoghurt given by 

the panelists were presented in figure 4.1. 

The acceptability on color, mouth feel, texture, appearance, flavor, and overall acceptability of 

oat flour based low fat probiotic Bio-yoghurt from fermentation was good. However, mostly 

acceptable color, mouth feel, appearance, flavor and overall acceptability were in control low fat 

Bio-yoghurt and next from sample codes BY1 and BY2 which were blended with 8% and 12 % 
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oat flour; respectively,  followed by BY3 different scores (P < 0.05) for all sensory attributes. 

This could be due to the hydrolysis of higher proteins and lower fat contents, which consequently 

released the taste and flavor components. In addition in Low fat Bio-yoghurts corn starch 

stabilizer was used which; promotes protein solubilization, leading to better gelling and 

emulsifying properties of Bio-yoghurt proteins; this is especially important for the formation of a 

firm protein gel during subsequent acidification and dehydration processes, leading to a desirable 

texture. 

The differences in color, mouth feel, appearance, and flavor between 8%, 12% and 16% oat flour 

based low fat probiotic Bio-yoghurts were contributed to their lower scores of overall 

acceptability. As regards flavor, low fat Bio-yoghurt with oat flour were had higher scores from 

the taste panel when compared with the control Bio-yoghurt. 

The control had the lower flavour value than the other oat flour based low fat Bio-yoghurts; this 

may be due to the relatively lower protein content in the final control low fat Bio-yoghurt, 

because control had lower protein values than the others Bio-yoghurt samples as previously 

discussed. Most of the differences found could be due to the addition of oat flour and lactic acid 

bacteria which uses the available proteins as a nutrient for the production of metabolites. The 

addition of oat fiber allows the development of a well-fermented product with a significant 

diminution in the quality of the taste and in the quality of the texture. As a result the presence of 

fiber particles alters Bio-yoghurt structure but when the fiber dose is high water absorption 

compensates the weakening effect of the fiber. This situation may be attributed to increased 

water holding capacity of milk proteins. Another reason could be that increased water holding 

capacity of dietary fibers.  

Most applications of dietary fiber to yogurt are related to using water-soluble dietary fibers 

because of water binding properties. Dietary fibers in yogurt have been used for increasing the 

viscosity of the product as a stabilizer, preventing syneresis and improving textural properties.  
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Addition of dietary fiber to yogurt is an effective tool for reducing calorie and fat. Lactobacilli 

are the major producers of lactic acid responsible for the development of major contributors to 

the aromas and tastes in fermented milk products with respect to the available nutrient for 

consumption and growth during fermentation. (Valyasevi et al., 2001).  

Figure 4.1: Sensory Qualities of fresh low fat probiotic Bio-yoghurt. 

In general, increasing the percentage of blending oat flour, the sensory quality scores were 

reduced. However, the sensory panelists provided scores within the ‘‘liking” range of the 

hedonic scale across all treatments, indicating that these products have the potential for 

processing of up to 12% oat flour blended low fat Bio-yoghurt. 
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CHAPTER FIVE 

Suggested process technology for the production of low fat Bio-yoghurt 

5.1. Production of low fat probiotic Bio-yoghurt 

In this study, it was tried to produce low fat probiotic. Bio-yoghurt using a yoghurt making 

equipment’s, so as to reduce production cost and increase the production yield. The aim of 

processing Bio-yoghurt is to produce a shelf stable and safe product ensuring an optimum 

nutritive value and sensory quality. (Tamime and Marshall, 1997) and the schematic diagram 

processing of low fat probiotic Bio-yoghurt, summarized in Figure: 5.1. 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

                       Figure 5.1: Major unit operations in bio-yogurt making 
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Key of Lines 

             Whole milk                 Mixed milk   

     Skimmed milk                        Product  

  Ingredient  

Figure 5.2: Equipment layout for Bio-yoghurt production. 
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5.2. Material and Energy Balance on Major Unit Operations 

Material and energy balances are the basis of process design. A material balance used over the 

complete process will determine the quantities of raw materials required and products produced. 

And also the energy balance is used to determine the energy requirements of the process the 

heating, cooling and power required (Coulson and Richardson, 2005). Hence, the need to 

conduct the material and energy balances on the major unit operations was to scale up all the 

parameters used for production of dry fermented sausages supplemented with CPF in laboratory 

for the annual production of the plant.  They are needed to select the capacity of the equipment’s 

used for processing, estimate economic analysis, profitability and financial feasibility of the 

processing plant. 

Material Balance: The general conservation equation for any process system can be written as: 

Material out = Material in + Generation − Consumption − Accumulation                            5.1  

Assuming steady state condition and no chemical reaction during processing it is reduced to: 

Material out = Material in 

Energy Balance: From first law of thermodynamics  

Accumulation = Energy in − Energy out + Generation − Consumption                                  5.2 

𝐸�̇� = 𝐸𝑖𝑛
̇ − 𝐸𝑜𝑢𝑡

̇ + 𝐸�̇� − 𝐸�̇� 

Where: 𝐸�̇� = Rate of energy accumulation  𝐸𝑖𝑛
̇ = Rate of energy at inlet   

𝐸𝑜𝑢𝑡
̇  = Rate of energy at outlet              𝐸�̇� = Rate of energy generation          

𝐸�̇� = Rate of energy consumption 

Assuming steady state condition and neglect the heat generation or consumption: 

0 = Ein
̇ − Eout

̇  

Ein
̇ = Eout

̇  

Hin + Qin = Hout + Qout 

𝐻𝑖𝑛 − 𝐻𝑜𝑢𝑡 = ∆𝑄 
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5.2.1. Material balance 

The material balances are needed to determine the amount of each ingredient required to 

formulate a product and are fundamental to the control of processing, particularly in the control 

of yields of the products. For the process of Bio-yoghurt making the feed material is generally 

cow skimmed milk and finely milled oat flour. As it can be concluded from the result and 

discussion part up to 12 % oat flour in 100 ml cow skimmed milk Bio-yoghurt is the best quality  

so by taking the design basis 2000 liters of cows skimmed milk the following assumptions are 

considered in the entire calculations:  

Table 5.1: The basic components and typical mass fractions. 

Component Fat Total protein Ash water Lactose  

Mass fraction of raw skimmed milk % 0.31 3.51 0.86 89.05 4.8 

Bio-yoghurt % 3.72 7.30 1.30 72.82 1.82 

Whey % 0.4     
 

0.61 0.46 92.58 5.3 

Oat flour % 6.12 16.94 1.82 5.62 - 

 

Density of skimmed milk and whey is 1.032 g/cm3 and 1.024g/cm3 respectively. Based on the 

process flow diagram, the considered unit operations in the Bio-yoghurt making process are: 

 Pasteurization (Heating and cooling)  

 Bactofugation  

 Fermentation  

Pasteurization 

Pasteurization of the milk is required prior to Bio-yoghurt making to meet hygiene requirements 

by killing bacteria. Within the pasteurization process, the raw milk is heated to 85°C and held for 

30 min, and then is cooled to incubation temperature 42°C. The mass of bacteria in milk is so 

small that it was considered insignificant in this analysis. 

m= ρV 

m= 1.032g/ml*2x106ml 

m= 2064kg 
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           Skimmed milk (2064kg)                                    2064kg Skimmed milk 

Bactofugation 

Bactofugation line removes a portion of milk, leucocytes, dirt’s as well as bacteria which may 

amount to 0.5% of the total quantity of milk (TQM). 

       2,064kg of SM  2,053.68kg of SM 

 

 

 Bactofugation sludge (0.5% of TQM). 

Oat flour required  

From laboratory result up to 12% of oat flour can be used for the production of Bio-yoghurt. 

Hence the amount of oat flour needed for 2,053kg of SM is calculated as follows: 

12%*2,053kg = 246.44kg 

Total mass balance: 

246.44kg + 2,053kg = 2,300.12kg of oat flour and SM 

Sub culture required  

From commercial Bio-yoghurt formulation 10% of TQM sub culture was used. In any process a 

steady state mass balance can be defined as: 

10% * 2,300.12kg = 276.01kg 

Skimmed milk powder required 

7%*2,300.12kg = 161kg 

Sugar required 

5%*2,300.12kg = 115kg 

Flavoring required 

0.2%*2,300.12kg = 4.6kg 

Pasteurization  
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Stabilizer required 

2%*2,300.12kg = 46kg 

Total mass balance: 

2,300.12kg + 276.01kg + 161kg + 115kg + 4.6kg + 46kg = 2902.73kg 

Fermentation process 

There are three streams flowing into the process and two streams coming from the process. 

         OF  

 

                                 SM  

         (SC + SMP + S + F + ST)  B (Bio-yoghurt) 

 

                                                              W (whey) 

Where: 

SM = Skimmed Milk (kg) 

OF = Oat Flour (kg) 

SC = Subculture  

SMP = Skimmed Milk Powder (kg) 

S = Sugar (kg) 

F = Flavoring (kg) 

ST = Stabilizer (kg) 

B = Bio-yoghurt (kg) 

W = Whey (kg) 

TQM = Total Quantity Milk 

Total material balance: 

 Fermentation 

vat  
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2902.73 kg = B + W…………………..eq (1) 

Component mass balance 

Fat balance: 

2,053.68kg * 0.31% + 246.44kg * 6.12% = W * 0.42% + B * 3.72% 

21.45kg = 0.0042W + 0.0372B…………eq (2) 

Equating the above two equations simultaneously, the value of B and W will be calculated as 

follows:  

B= 280.55 kg of Bio-yoghurt 

W= 2,622.16 kg of whey 

5.1.2 Energy Balance  

In general, energy use in Bio-yoghurt making processing is associated with the above unit 

operations used for material balance. 2000liters of skimmed milk will be processed each day and 

600,000liters of skimmed milk per year using 300 working days per year so energy for each unit 

operations will be calculated as follows: 

Energy Balance on Refrigerated transportation  

The milk temperature at the collection center assumed to be 300C and within the refrigerated 

truck the temperature maintained at 100C. 

 

                                    2,064kg/day  

 T= 300C   T= 100C 

Mean temperature = (30 + 10)/2 = 200C 

The specific heat capacity of skimmed milk at 200C can be calculated from the relationship of 

specific heat capacity and skimmed milk composition as follows:  

Cp=Σ (Cpi mi)  

Where Cpi = specific heat of component i  

mi = mass fraction of component i  

Specific heat of the component at the temperature of 200C 

Refrigerated 

Transportatio

n 
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Protein: Cp = 2.0082 + 1.2089 * 10-3 T – 1.3129 *10-6 T2  

Cp = 2.0082 + 1.2089 * 10-3 (200C) – 1.3129 *10-6 (200C) 2  

Cp= 2.03 KJ/kg 0C  

Lactose: Cp = 1.54884 + 1.9625* 10-3T – 5.9399*10-6T2  

Cp = 1.586 KJ/kg 0C  

Fat: Cp =1.9842 + 1.4733*10-3T- 4.8008 * 10-6T2  

Cp = 2.012 KJ/kg 0C  

Ash: Cp = 1.0926 + 1.8896*10-3T- 3.6817 * 10-6T2  

Cp = 1.129 KJ/kg0C  

Water: Cp = 4.1762 – 9.0864 * 10-5T + 5.4731*10-6 T2  

Cp = 4.177 KJ/kg0C 

The mass fraction of components in the raw skimmed milk are, fat 0.31%, protein 3.51%, lactose 

4.82%, ash 0.86% and water 89.05%.  

Cp=Σ (Cpi mi)  

Cp = 2.03 KJ/kg 0C*(0.0351) + 1.586 KJ/kg 0C*(0.0482) + 2.012 KJ/kg 0C*(0.0031) + 1.129 

KJ/kg0C*(0.0086) + 4.177 KJ/kg0C*(0.8905)  

Cp = 3.883 KJ/kg0C 

Therefore Q= mCp( T2 – T1)  

Q = 2064kg * 3.883 KJ/kg 0C * (10- 30)0C  

Q1 = - 160,290.24kJ (negative sign indicates cooling process)  

Assume the raw milk will be stored for 1hours before processing (3600seconds)  

P = Q/t   

P1 = 44.52kw  

Energy balance on the chiller  

The milk after reception has to be chilled to 40C immediately to inhibit the bacterial growth 

before processing starts. 

        2064kg                                     T= 40C 

     T= 100C 

Chiller 
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Mean temperature= (10 + 4)/2 = 70C 

Cp at mean temperature 70C 

Protein: Cp = 2.0082 + 1.2089 * 10-3 T – 1.3129 *10-6 T2  

Cp = 2.0082 + 1.2089 * 10-3 (70C) – 1.3129 *10-6 (70C)2  

Cp= 2.016 KJ/kg 0C  

Lactose: Cp = 1.54884 + 1.9625* 10-3T – 5.9399*10-6T2  

Cp = 1.563 KJ/kg 0C  

Fat: Cp =1.9842 + 1.4733*10-3T- 4.8008 * 10-6T2  

Cp = 1.984 KJ/kg 0C  

Ash: Cp = 1.0926 + 1.8896*10-3T- 3.6817 * 10-6T2  

Cp = 1.1058 KJ/kg0C  

Water: Cp = 4.1762 – 9.0864 * 10-5T + 5.4731*10-6 T2  

Cp = 4.175 KJ/kg0C 

The mass fraction of components in the raw skimmed milk are, fat 0.31%, protein 3.51%, lactose 

4.82%, ash 0.86% and water 89.05%. 

Cp=Σ (Cpi mi) 

Cp = 2.016 KJ/kg 0C*(0.0351) + 1.563 KJ/kg 0C*(0.0482) + 1.984 KJ/kg 0C*(0.0031) + 

1.1058 KJ/kg0C*(0.0086) + 4.175 KJ/kg0C*(0.8905) 

Cp = 3.88 KJ/kg0C 

Q= m Cp (T2 – T1) 

Q= (2064kg) * 3.88 * (4-10) 

Q2 = - 48,042.95 kJ 

Assume the raw skimmed milk will be stored for 12hours before processing (432,000seconds) 

P = Q /t,  P2 = 0.11121kw 

Energy balance on pasteurization 

 

                            Ti=40C                                                    Tf=850C 
Pasteurization 
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To calculate CP of milk at average temperature of 40C and 850C is at a temperature of 44.50C. 

Specific heat of milk at 44.50C can be calculated from the relationship of Cp and milk 

composition with the following formula:  

Cp = Σ Cpi mi 

Where Cpi = specific heat of component i  

mi = mass fraction of component i  

Specific heat of the component at the temperature of 37.50C  

For Fat:  

Cp =1.9842 + 1.4733 x 10-3T- 4.8008 x10-6T2  

Cp = 1.9842 + 1.4733 x 10-3 (44.50C) - 4.8008 x10-6(44.50C)2  

Cp = 2.0425 kJ/ kg 0C  

For Lactose:  

Cp = 1.54884 + 1.9625 x 10-3T – 5.9399 x10-6T2  

Cp = 1.54884 + 1.9625 x 10-3(44.50C) – 5.9399 x10-6(44.50C)2  

Cp = 1.624 kJ/ kg 0C  

For Protein:  

Cp = 2.0082 + 1.2089 x 10-3 T – 1.3129 x10-6 T2  

Cp = 2.0082 + 1.2089 x 10-3 (44.50C) – 1.3129 x10-6 (44.50C)2  

Cp = 2.0617kJ/ kg 0C  

For Ash:  

Cp = 1.0926 + 1.8896x10-3T- 3.6817 x10-6T2  

Cp = 1.0926 + 1.8896x10-3(44.50C) - 3.6817 x10-6(44.50C)2  

Cp = 1.168 kJ/ kg 0C  

For Water:  

Cp = 4.1762 – 9.0864 x10-5T + 5.4731x10-6 T2  

Cp = 4.1762 – 9.0864 x10-5(44.50C) + 5.4731x10-6(44.50C)2  

Cp = 4.1905 kJ/ kg 0C 

Therefore: Cp = Σ Cpi mi 

Cp = 4.1905 kJ/ kg 0C (0.8905) + 1.168 kJ/ kg 0C (0.0086) + 2.0617kJ/ kg 0C (0.0351) +1.624 

kJ/ kg 0C (0.0482) + 2.0325 kJ/ kg 0C (0.0031)  
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Cp = 3.97 kJ/ kg 0C  

Q = mCpΔT where: m = 2064kg, Cp = 3.97kJ/ kg 0C and  

ΔT = T2 – T1 = 40C – 850C = 810C 

Q = 2064kg x 3.97kJ/ kg 0C x 810C 

Q3 = 663,720.5kJ and this much heat is needed for 1800 seconds. 

P = Q/ t 

P3 = 368.73 kW 

Energy Balance on Fermentation Vat  

Cp at average temperature of 63.50C is equal to: 3.99kJ/ kg0C 

 

                 2064kg of SM 

 T1= 850C T2= 420C 

Q = mCpΔT where: m = 2064kg, Cp = 3.83kJ/ kg 0C and 

ΔT = T2 – T1 = 420C – 850C = -430C 

Q = 2064kg x 3.99kJ/ kg 0C x 430C 

Q4 = 354,120.48 kJ and this much heat is needed for 19080 seconds (5. 30hr) 

P = Q/ t 

P4= 18.56kw 

Energy Balance on Refrigerated storage   

The Bio-yoghurt temperature at the exit of fermentation vat is 420C and within the refrigerated 

storage the temperature maintained at 40C. 

Cp at average temperature of 230C is equal to: 3.31kJ/ kg0C 

 280.55kg/day  

    T= 420C                                                      T= 40C 

Fermentation 

Vat 

Refrigerated 

Storage  
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Mean temperature = (30 + 10)/2 = 200C 

The specific heat capacity of Bio-yoghurt at 230C can be calculated from the relationship of 

specific heat capacity and skimmed milk composition as follows:  

Cp=Σ (Cpi mi)  

Where Cpi = specific heat of component i  

mi = mass fraction of component i  

Specific heat of the component at the temperature of 230C 

Protein: Cp = 2.0082 + 1.2089 * 10-3 T – 1.3129 *10-6 T2 

Cp = 2.0082 + 1.2089 * 10-3 (23 0C) – 1.3129 *10-6 (23 0C)2  

Cp= 2.03 KJ/kg 0C  

Lactose: Cp = 1.54884 + 1.9625* 10-3T – 5.9399*10-6T2  

Cp = 1.573 KJ/kg 0C  

Fat: Cp =1.9842 + 1.4733*10-3T- 4.8008 * 10-6T2  

Cp = 2.012 KJ/kg 0C  

Ash: Cp = 1.0926 + 1.8896*10-3T- 3.6817 * 10-6T2  

Cp = 1.119 KJ/kg0C  

Water: Cp = 4.1762 – 9.0864 * 10-5T + 5.4731*10-6 T2  

Cp = 4.181 KJ/kg0C 

The mass fraction of components in the raw skimmed milk are, fat 3.72%, protein 7.30%, lactose 

1.82%, ash 1.30% and water 72.82%.  

Cp=Σ (Cpi mi)  

Cp = 2.03 KJ/kg 0C*(0.073) + 1.573 KJ/kg 0C*(0.0182) + 2.012 KJ/kg 0C*(0.0372) + 1.119 

KJ/kg0C*(0.013) + 4.181 KJ/kg0C*(0.7282)  

Cp = 3.31 KJ/kg0C 

Therefore Q= mCp (T2 – T1) where: m = 280.55kg, Cp = 3.31kJ/ kg 0C and 

ΔT = T2 – T1 = 40C – 420C = - 380C 

Q = 280.55kg x 3.31kJ/ kg 0C x 380C 

Q5 = 35287.56 kJ and this much heat is needed for 1296000 seconds (15 days) 
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P = Q/ t 

P5 = 0.0272kw 

Total quantity of heat need for the process is:  

Q = 160,290.24kJ + 48,042.95 kJ + 663,720.5kJ + 354,120.48 kJ + 35287.56 kJ 

Q = 1,261,461.16kJ heat needed for Bio-yoghurt making process  

Total power needed for the process is:  

P= 44.52kw +0.11121kw +368.73 kw +18.56kw + 0.0272kw 

PT = 431.95kw daily power needed for Bio-yoghurt making process.  

5.3. Economic evaluation of the plant 

5.3.1. Plant capacity and production program 

The economic analysis of food processing plants is based on the estimation of capital cost (or 

fixed capital investment) and the operating cost (operating expenses). Food plant capacity and 

energy balances are used in process equipment sizing and costing, and in cost estimation of 

utilities (steam, water, electricity).  

Capital cost estimates are used in deciding the development of a new plant project or in 

expanding and revamping existing plants. Cost estimates are approximations and the probable 

range of accuracy should be given, whenever possible. They are valid for a given time and 

location, and adjustments should be made when transferring such figures. 

Operating costs (expenses), contrary to capital costs, are not found easily in the literature, 

because such information is of proprietary nature. They can be divided into process operating 

costs and non-processing costs. Process operating (manufacturing) costs includes costs of raw 

materials (agricultural, marine, intermediate food materials, packaging materials, and chemicals), 

utilities (steam, fuel, water, and electricity), personnel, and capital related costs. 

Non processing (nonmanufacturing) costs include costs of distribution, selling, research and 

development, and the cost of running the company, which can be allocated to the product in 

question. The raw material requirements are estimated from detailed material and energy 

balances in the food process flow sheet. The unit costs of food raw materials depend on the 

availability of agricultural materials and the location of the food plant. 
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Utility requirements can be estimated from material and energy balances on the process flow 

sheet. In estimating energy requirements, thermal losses to the environment should be taken into 

account (25% of the theoretical energy requirements. Utility costs vary with plant location and 

availability of fuel, water, and electricity. International energy crises, such an oil crisis, will 

affect strongly the utilities costs. 

As the thesis is new for our country, the startup should be in small scale so let us consider the 

daily input of 2000liters skimmed milk.  

Capacity = 600,000 lit/year which is 619,200kg/ year.  

Plant working days = 300 days/year  

Working time = 24 hrs. /day with two shift  

The amount of total product per year can be taken from material balance result so that 2000liters 

of skimmed milk can produce 280.55kg of Bio-yoghurt each day. M = 84,165kg of Bio-yoghurt 

per year. 

 The amount of skimmed milk needed is 619,200 kg/year  

 The amount of oat flour needed for Bio-yoghurt production 73,932kg/year  

 The amount of sub culture needed is 82,803kg/year  

 The amount of skimmed milk powder needed is 48,300kg/year  

 The amount of sugar needed is 34,500kg/year 

 The amount of flavoring agent needed is 1380kg/year 

 The amount of stabilizer needed is 13800kg/year 

 The amount of whey produced per year is 786,648kg/year  
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 Machinery and Equipment 

The following presents a summary of cost, taken form Ullmer‟s Dairy Equipment, Inc for mini 

dairy plant. 

Table 5.2: Size of Equipment and Price 

Equipment type Size  Quantity Unit 

price($) 

Total Price($) 

Pasteurizer 160 liter/hour 1 500 500 

Fermentation reactor 0.85 m3 1 5,000 5,000 

propagation vessel 0.017 m3 1 1,500 1,500 

Cooling tank 0.92 m3 1 6,000 6,000 

Incubator  1 m3 1 2,000 2,000 

Conveyor 3.5 kg/min 1 100 100 

Plate heat exchanger 0.11 m3 1 550 550 

Cream separator 50 liter/hour 4 220 880 

Storage vessels 0.7 m3 4 4,500 18,000 

Storage vessel 0.06 m3 1 4,000 4,000 

Storage vessel 0.04 m3 1 3,500 3,500 

Positive disp. Pumps 0.06 m3/min 5 450 2,250 

Pumps 0.05 m3/min 4 400 1,600 

Steam generator 11 kg/hour 1 400 400 

Cold water storage tank 0.7 m3 1 100 100 

Warm water storage tank 0.08 m3 1 60 60 

Packaging unit 40-60 bag(0.5 liter)/ min 1 6,000 6,000 

Total sum 52,740(967,779 birr) 

 

5.3.2. Total capital Investment 

For our case, capital investment items are calculated based on delivered and purchased 

equipment cost for solid-fluid processing plant. 
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Table 5.3: Estimation of Total Capital Investment. 

       Items Percentage(%)of 

Equipment  

Total Price (Birr) 

I. DIRECT COST 

Purchased and Delivered Equipment cost 100 967,779.00 

purchased Equipment Installation 47 454,856.13 

Instrumentation and Controls Installed 18 174,200.22 

Piping Installation  66 638,734.14 

Electrical Installation  11 106,455.69 

Buildings 70 677,445.3 

Service Facilities 70 677,445.3 

Land 6 58,066.74 

Total Direct Cost  3,754,982.3 

II. INDIRECT COST 

Engineering and Supervision 10%DC 375,498.23 

Construction Expenses & contractor fee 10%DC 375,498.23 

Contingency 10%DC 375,498.23 

Total Indirect Cost   1,126,494.6 

III. Fixed Capital Investment (DC + IC) 4,881,476.9 

IV. Working Capital Investment (0.15*FCI) 732,221.53 

V. Total Capital Investment (FCI + WC) 5,613,698.4 

 

 Raw material cost  

Table 5.4: Raw material costs for Bio-yoghurt making plant 

Item Quantity (kg)/year Unit price, (Birr) Total price, (Birr) 

Raw skimmed milk 619,200 6 birr/kg 3,715,200 

Oat flour 73,932 5.75 birr/kg 425,109 

Starter culture 82,803 5 birr/ kg 414,015 

Skimmed milk powder 48,300 65 birr/10kg 313950 

sugar 34,500 14.50 birr/kg 500250 

Flavoring agent 1380 3 birr/kg 4140 

Stabilizer  13,800 5 birr/kg 69000 

Total  5,441,664 
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 Cost of utilities  

Table 5.5: Cost of utilities for Bio-yoghurt making plant 

Item  Quantity/annum Unit price Total price/annual 

Electric power 129405kw 0.90birr/kw 116464.5 

Cleaning chemicals 300kg 10birr/kg 3000.00 

Packaging materials 333,048 packs 2 birr/pack 666,096.00 

Total  785560.5 

 

 Product Sale  

Table 5.6: Sales of product 

Product to be sold Quantity/annum Unit price Total/annum 

Bio-yoghurt 84,165.00kg 77.95 birr/pack 6,560,661.70 

Whey 786,648.00kg 8.34 birr/pack 6,561,105.30 

Total  13,125,305.00 

 

5.3.3. Total product cost Estimation  

Table 5.7: Estimation of total product cost of Bio-yoghurt making plant 

Item Description/factor Total cost, birr 

I. Manufacturing 

cost 

A. Direct production cost  

 

  

Total product cost (TPC)  

 

Total fixed 

charge/0.15 

4,100,440.6 

a. Raw material Calculated  5,441,664 

b. Utilities       “ 785560.5 

c. Operating labor 

(OL) 

0.1*TPC 410,044.06 

d. Supervisory 0.1*OL 41,004.41 

e. Maintenance 0.05*FCI 244,073.84 

f. Lab charges 0.12*OL 49,205.29 

Total of A  11,071,992.2 

B. Fixed charges   

a. Depreciation 0.1*FCI 488,147.69 

b. Local taxes 0.02*FCI 97,629.54 

c. Insurance  0.006*FCI 29,288.86 

Total of B  615,066.09 

C. plant over heads 0.1*TPC 410,044.06 

 Total manufacturing cost (Total of A+B+C) 12,097,102.61 

II. General Expenses a. Admin. cost 0.05*TPC 205,022.03 

b. Distribution  0.1*TPC 410,044.06 

c. R & D 0.05*TPC 205,022.03 

d. Interest  0.05*TPC 205,022.03 

Total general expenses  1,025,110.1 

III. Total Product Cost (Total Manu. Costs + Total general expenses) 13,122,212.10 
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5.3.4. Economic Evaluation  
 

The plant works for 300days per year  

Annual production = 84,165 kg 

One pack size = 0.50kg 

Plant Capacity = 168,330 packs/year  

Unit production cost =  
Total product cost

Annual production
 

Unit production cost =
13,122,212.10Birr/year

168,330 packs/year 
= 77.95

Birr

pack
 

Profit margin = 30% ∗ Unit Production Cost = 0.3 ∗ 77.95 = 23.38 

Unit product selling price = Unit production cost + Profit margin = 101.33𝐵𝑖𝑟𝑟/𝑝𝑎𝑐𝑘 

Total product Sales = 168,330 packs/year ∗ 101.33Birr/pack = 17,057,986.00Birr/year 

Gross earnings = Total product sales − Total product cost  

Gross earnings (Profit before tax) = 17,057,986.00Birr/year − 13,122,212.10Birr/year  

              = 3,935,774.25Birr/year 

The income tax rate of Ethiopia is 35%  

Income Tax = 35% ∗ Gross earnings = 0.35(3,935,774.25) = 1,377,520.9Birr/year 

Net annual earning (profit after tax) =  Gross earning (Profit before tax)–  Income tax 

Net annual earning (profit after tax) = 3,935,774.25 − 1,377,520.9 

                                                                          = 2,558,253Birr/year 

 

Return on investment (ROI) 

 Return on Investment =
 Annual Profit

Total Capital Ivestment
∗ 100% 

ROI =
2,558,253Birr

5,613,698.4Birr
∗ 100% 

ROI = 45.5% 
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Payback period (PBP) 

Pay back period =
Total capital investment

Net profit per year + Average Depriciation Per year
 

        PBP =
5,613,698.4Birr

2,558,253Birr + 488,147.69Birr  
 

        PBP = 1.84 years 

Breakeven point (BEP) 

The break-even analysis is to determine the point at which sales revenues equal the costs of 

products sold. When sales are below this point, the plant is making a loss, and at the point where 

revenues equal costs, the plant is breaking even. The break-even production is the number of 

units necessary to produce and sell in order fully to cover the annual fixed costs.  

At break even: Total Product Cost = Total sales income 

𝐷𝑖𝑟𝑒𝑐𝑡 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝐶𝑜𝑠𝑡 + 𝐹𝑖𝑥𝑒𝑑 𝐶ℎ𝑎𝑟𝑔𝑒𝑠 + 𝑃𝑙𝑎𝑛𝑡 𝑂𝑣𝑒𝑟ℎ𝑒𝑎𝑑 𝐶𝑜𝑠𝑡𝑠 + 𝐺𝑒𝑛𝑒𝑟𝑎𝑙 𝐸𝑥𝑝𝑒𝑛𝑠𝑒

= 𝑇𝑜𝑡𝑎𝑙 𝑠𝑎𝑙𝑒𝑠 𝑖𝑛𝑐𝑜𝑚𝑒 

𝑛 ∗ 𝑢𝑛𝑖𝑡𝐷𝑖𝑟𝑒𝑐𝑡 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝐶𝑜𝑠𝑡 + 𝐹𝑖𝑥𝑒𝑑 𝐶ℎ𝑎𝑟𝑔𝑒𝑠 + 𝑃𝑙𝑎𝑛𝑡 𝑂𝑣𝑒𝑟ℎ𝑒𝑎𝑑 𝐶𝑜𝑠𝑡𝑠

+ 𝐺𝑒𝑛𝑒𝑟𝑎𝑙 𝐸𝑥𝑝𝑒𝑛𝑠𝑒 = 𝑛 ∗ 𝑢𝑛𝑖𝑡 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 𝑠𝑒𝑙𝑙𝑖𝑛𝑔 𝑝𝑟𝑖𝑐𝑒 

Where; n = production capacity 

From total capital cost estimation: 

Direct production cost = 11,071,992.2 Birr 

Annual Plant Capacity = 168,330 packs/year  

Unit Direct production cost =
11,071,992.2  birr

168,330  pack
= 65.77 Birr/pack 

Fixed charges=615,066.09 Birr  

Plant overhead cost=410,044.06Birr  

General Expense=1,025,110.1Birr  

Unit product selling price = 101.1Birr/pack  
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n ∗ 65.77Birr/pack + (615,066.09 + 410,044.06 + 1,025,110.1)Birr = n∗101.1Birr/pack 

  

n=58,030.57 packs   

Break even production capacity = 58,030.57 packs  

BEP(%) =
BEP

Total capacity of plant 
× 100  

BEP(%) =
58,030.57 packs 

168,330  pack 
× 100 = 34.47% 

 

Figure 5.3: Break-even point  
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CHAPTER SIX 

Conclusions and Recommendation 

6.1. Conclusions 

Milk obtained from rural and peri-urban areas in Ethiopia is mostly used for household 

consumption with minimal processing activities usually as fresh or fermented milk. This study 

addressed the issue of product development through value addition and developing an alternative 

product to Yoghurt which is nutritious, tasty, high in protein, safe and cost-effective. 

A cereal based low fat probiotic Bio-yoghurts were produced from cow’s skim milk and oat flour 

with the help of lactic acid probiotic bacteria. The effect of oat flour addition in low fat bio-

yoghurt on the nutritional composition, physicochemical, microbial and sensory properties were 

analyzed by comparing with a regular yogurt, which is produced from skim milk only. Changes 

in the physical, chemical, and microbiological structure of yoghurt determine the nutritional 

composition and Storage and shelf stability of the product. 

The overall compositional content of oat flour had an effect on the % fat-in-dry matter (FIDM), 

protein, ash, total solids, and moisture. The proximate composition of control, 8% Oat flour,12% 

and 16% Oat flour added bio-yoghurts were; for moisture (86.66%, 76.01%, 72.82% and 

66.09%), crude protein (3.05%, 6.30%, 10.29% and 7.30%), crude fat (0.30%, 1.21%, 3.72% and 

4.77%), crude fiber (0%, 4.03%, 4.80% and 4.97%) and ash (0.61%, 0.99%, 1.31% and 1.30%); 

respectively. The result showed that addition of oat flour in low fat bio-yoghurt significantly 

decrease the moisture content and increasing of other proximate compositions. The separation of 

the full-fat milk to acquire skim milk lead to a decrease in the total solids of the skim milk, and 

consequently, to its higher protein content.  

The viability of lactic acid bacteria in yoghurt decreased during the storage. The decrease of 

bacterial viability was related to the reduction of lactose as a main source of carbon for the 

bacteria. Nevertheless, the viability of lactic acid bacteria in yoghurt after storage was still high 

and more than 106 cfu/ml. researchers states that the therapy dosage is between 107-108 cfu/ml, 

or 108 probiotic cell alive per day the numbers of viable microorganisms in bio-yoghurts were 

sufficient in of samples (106-109 cfu/g) according to FAO/WHO protocols. Generally, viability of 

bacteria was required for 14 days and then their numbers decreased, but usually not below 106 
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cfu/g so bio-yoghurts sustained their functional properties for entire time during refrigerated 

storage. Reduction of pH value enhanced the sour and unique flavor of yoghurt during storage. 

During days of storage, the total lactic acid of yoghurt met the requirement of 0.5%-2.0%. 

Acidity of yoghurts corresponded with bacteria activity and the storage time of yoghurt 

significantly influenced the values of most its rheological parameters. The addition of oat flour 

exhibited stimulatory effect on starter culture’s growth and causes an increase in apparent 

viscosity and decrease in syneresis of the processed bio-yoghurts. During refrigerated storage an 

increase in apparent viscosity and decrease in syneresis of bio-yoghurts was observed. The 

change in viscosity during storage was probably caused by formation of colloidal protein and its 

degradation. The cooling and storage process after fermentation increased viscosity caused by 

protein hydration and compaction of yoghurt gel structure. The changes of milk acidity affected 

protein isoelectric point and changed the protein solubility. 

The sensory assessments on low fat bio-yoghurt was relatively acceptable by panelists in 

decreasing order of Oat flour composition percentage comparing to that of the control. But, the 

low fat bio-yoghurt processed by mixing of partially skimmed milk with 8%, 12% and 16% oat 

flour and stored for 21 days gave the promising results. Based on the preliminary techno-

economic evaluation, the suggested process technology and product diversification is feasible. 

Thus, it is possible to produce low fat bio- yogurts by incorporating Oat cereal to skimmed milk. 
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6.2. Recommendation 

In accomplishing the thesis work there were unexpected results that need further study, therefore 

as a recommendation further investigations are necessary to: 

• Process low fat Bio-yoghurt by using other types of cereals and analyze the results. 

• Determine the shelf life under specific conditions of storage temperatures and 

composition of the flour.  

• Work on the society to increase the acceptability of newly emerging product and explore 

product marketing strategies. 

• Industrial utilization of locally-grown crops for manufacture of convenient local recipes 

including fortified products has to be stressed to the most effective channel for addressing 

an intensifying world food problem. 

• Oat should be included in daily diet plan through its incorporation into milk and 

fermented dairy products. 

In general, increasing demand for these products present a great opportunity for the organized 

dairies in the country to modernize and scale-up the production Therefore, the expanding 

business prospects provided by these products and their accompanying value addition call for a 

thorough study of this sector. There is a need to look into various issues and accordingly re-

evaluate and re-engineer ourselves to modernize traditional dairy products sector. 
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Appendices  

Appendix I: Scorecard for the sensory evaluation using seven point Hedonic scale. 

Sample code: _____________       date: ____________ 

Panelist code/name: _________________________________________ 

Sensory perception 

(Score) 

Sensory quality attributes Overall acceptability 

Appearance 

(Color) 

Odor Mouth feel 

(taste) 

Hedonic scale 

1=dislike extremely    1=Extremely unacceptable 

2=dislike very much    2=very much unacceptable 

3=dislike moderately    3=moderately unacceptable 

4=neither like nor dislike    4=neither acceptable nor 

unacceptable 

5=like moderately    5=moderately acceptable 

6=like very much    6=highly acceptable 

7=like extremely    7=Extremely acceptable 
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Appendix II: Consistency and flow behaviour indices of yoghurt at 15 to 30°C (Bourne, 

1982). 

Temperature (°C)  Consistency index(K)(NSm-

2) 

Flow behaviour index (n) 

25 4.926 2.40E-04 

30 4.521 3.52E-04 

15 5.093 2.26E-04 

20 4.944 2.38E-04 

 

Appendix III 
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During TA measurement and fermentation process. 
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Appendix IV: One way ANOVA tests 

 

Tests of Between-Subjects Effects of Oat flour addition on the moisture 

content. 

Dependent Variable: moisture     

Source 

Type III Sum 

of Squares df Mean Square F Sig. 

Corrected 

Model 
441.036a 3 147.012 5.600E5 .000 

Intercept 45473.740 1 45473.740 1.732E8 .000 

Type 441.036 3 147.012 5.600E5 .000 

Error .001 4 .000   

Total 45914.777 8    

Corrected Total 441.037 7    

a. R Squared = 1.000 (Adjusted R Squared =1.000)   

 

Tests of Between-Subjects Effects of Oat flour addition on protein content 

Dependent Variable: protein     

Source 

Type III Sum 

of Squares df Mean Square F Sig. 

Corrected 

Model 
53.532a 3 17.844 3.423E3 .000 

Intercept 363.825 1 363.825 6.980E4 .000 

Type 53.532 3 17.844 3.423E3 .000 

Error .021 4 .005   

Total 417.378 8    

Corrected Total 53.553 7    

a. R Squared = 1.000 (Adjusted R Squared = .999)   
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Tests of Between-Subjects Effects of Oat flour on fat content 

Dependent Variable: fat     

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected 

Model 
26.310a 3 8.770 3.898E4 .000 

Intercept 49.900 1 49.900 2.218E5 .000 

Type 26.310 3 8.770 3.898E4 .000 

Error .001 4 .000   

Total 76.211 8    

Corrected 

Total 
26.311 7 

   

a. R Squared = 1.000 (Adjusted R Squared = 1.000)   

 

Tests of Between-Subjects Effects 

Dependent Variable: fiber     

Source 

Type III Sum 

of Squares df Mean Square F Sig. 

Corrected 

Model 
1.011a 2 .506 17.905 .021 

Intercept 126.776 1 126.776 4.490E3 .000 

Type 1.011 2 .506 17.905 .021 

Error .085 3 .028   

Total 127.872 6    

Corrected 

Total 
1.096 5 

   

a. R Squared = .923 (Adjusted R Squared = .871)   
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Tests of Between-Subjects Effects 

Dependent Variable: ash     

Source 

Type III Sum 

of Squares df Mean Square F Sig. 

Corrected Model .715a 3 .238 1.059E3 .000 

Intercept 9.074 1 9.074 4.033E4 .000 

Type .715 3 .238 1.059E3 .000 

Error .001 4 .000   

Total 9.790 8    

Corrected Total .716 7    

a. R Squared = .999 (Adjusted R Squared = .998)   

 

Tests of Between-Subjects Effects 

Dependent Variable:pH     

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected 

Model 
.063a 3 .021 80.556 .000 

Intercept 159.044 1 159.044 6.059E5 .000 

stablizer .063 3 .021 80.556 .000 

Error .001 4 .000   

Total 159.108 8    

Corrected Total .064 7    

a. R Squared = .984 (Adjusted R Squared = .972)   
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Tests of Between-Subjects Effects 

DependentVariable:viscosity     

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 130.316a 3 43.439 3.475E5 .000 

Intercept 685.610 1 685.610 5.485E6 .000 

stabilizer 130.316 3 43.439 3.475E5 .000 

Error .000 4 .000   

Total 815.927 8    

Corrected Total 130.317 7    

a. R Squared = 1.000 (Adjusted R Squared = 1.000)   

 

Tests of Between-Subjects Effects 

Dependent Variable:synersis     

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected 

Model 
9.844a 3 3.281 1.141E4 .000 

Intercept 488.125 1 488.125 1.698E6 .000 

stablizer 9.844 3 3.281 1.141E4 .000 

Error .001 4 .000   

Total 497.970 8    

Corrected Total 9.845 7    

a. R Squared = 1.000 (Adjusted R Squared = 1.000)   
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Tests of Between-Subjects Effects 

Dependent Variable: TA     

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model .044a 3 .015 166.238 .000 

Intercept 3.138 1 3.138 3.586E4 .000 

stabilizer .044 3 .015 166.238 .000 

Error .000 4 8.750E-5   

Total 3.181 8    

Corrected Total .044 7    

a. R Squared = .992 (Adjusted R Squared = .986)   

 

Tests of Between-Subjects Effects 

Dependent Variable:pH     

Source 

Type III Sum 

of Squares df Mean Square F Sig. 

Corrected Model .006a 3 .002 9.259 .028 

Intercept 164.348 1 164.348 7.304E5 .000 

Type .006 3 .002 9.259 .028 

Error .001 4 .000   

Total 164.356 8    

Corrected Total .007 7    

a. R Squared = .874 (Adjusted R Squared = .780)   
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Tests of Between-Subjects Effects 

Dependent Variable:synersis     

Source 

Type III Sum 

of Squares df Mean Square F Sig. 

Corrected Model 27.510a 3 9.170 4.891E4 .000 

Intercept 217.049 1 217.049 1.158E6 .000 

Type 27.510 3 9.170 4.891E4 .000 

Error .001 4 .000   

Total 244.560 8    

Corrected Total 27.511 7    

a. R Squared = 1.000 (Adjusted R Squared = 1.000)   

 

Tests of Between-Subjects Effects 

Dependent Variable: TA     

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model .069a 3 .023 122.911 .000 

Intercept 4.133 1 4.133 2.204E4 .000 

Type .069 3 .023 122.911 .000 

Error .001 4 .000   

Total 4.203 8    

Corrected Total .070 7    

a. R Squared = .989 (Adjusted R Squared = .981)   
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Tests of Between-Subjects Effects 

Dependent Variable: app.viscocity     

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model .032a 3 .011 86.133 .000 

Intercept 4.621 1 4.621 3.697E4 .000 

Type .032 3 .011 86.133 .000 

Error .001 4 .000   

Total 4.654 8    

Corrected Total .033 7    

a. R Squared = .985 (Adjusted R Squared = .973)   

 

 

Tests of Between-Subjects Effects 

Dependent Variable: color     

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 

3.931a 3 1.310 5.823E3 .000 

Intercept 202.206 1 202.206 8.987E5 .000 

Sample 3.931 3 1.310 5.823E3 .000 

Error .001 4 .000   

Total 206.138 8    

Corrected Total 3.932 7    

a. R Squared = 1.000 (Adjusted R Squared = 1.000)   

 

 

 

 

 

 

 

 

 

 

 

 

 



99 

 

Tests of Between-Subjects Effects 

Dependent Variable:consistencey     

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model .324a 3 .108 2.785 .174 

Intercept 145.351 1 145.351 3.751E3 .000 

Sample .324 3 .108 2.785 .174 

Error .155 4 .039   

Total 145.830 8    

Corrected Total .479 7    

a. R Squared = .676 (Adjusted R Squared = .433)   

 

Tests of Between-Subjects Effects 

Dependent Variable:flavor     

Source 

Type III Sum 

of Squares df Mean Square F Sig. 

Corrected Model 1.587a 3 .529 104.243 .000 

Intercept 223.027 1 223.027 4.395E4 .000 

Sample 1.587 3 .529 104.243 .000 

Error .020 4 .005   

Total 224.635 8    

Corrected Total 1.607 7    

a. R Squared = .987 (Adjusted R Squared = .978)   

 

Tests of Between-Subjects Effects 

Dependent Variable: general     

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model .677a 3 .226 547.101 .000 

Intercept 192.767 1 192.767 4.673E5 .000 

Sample .677 3 .226 547.101 .000 

Error .002 4 .000   

Total 193.445 8    

Corrected Total .679 7    

a. R Squared = .998 (Adjusted R Squared = .996)   
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