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ABSTRACT 

High acid milk contains coagulated milk proteins, which can be used to stabilize and improve the 

texture of other milk products. The purpose of the research was to develop and promote fermented 

milk production technology that used casein derived from high acid, stabilizers like corn-starch 

and gelatin, and thickeners like green banana/matoke (Musa acuminata) and bulla (Ensete 

ventricosum) starch powders. The study included a lab-based experiment aimed at creating 

stabilized, thickened, and acid casein-enhanced yoghurt samples. For a set type of yoghurt, a 

modelled commercial batch procedure was applied. The nutritive value of yoghurt samples was 

determined using pH measurement, titratable acidity, crude Protein content determination, 

carbohydrates determination, butter fat content determination, moisture content determination, and 

ash content determination. The yoghurt samples' rheological qualities were also determined. 

Sensory quality and consumer acceptability of stabilized, thickened, and acid casein enriched 

yoghurt were assessed, as well as small-scale milk processors' willingness to adopt the yoghurt. 

The yoghurt having acid casein and the yoghurt including skim milk powder did not differ 

statistically in terms of protein (5.0±1; 5.0±1), carbohydrates (13.5±0.3; 13.8±0.3), or minerals 

(0.7 0.01; 0.6±0.02). These two yoghurt samples differed in terms of fats (3.3±0.1; 3.0±0.1), 

moisture (88±1; 85±1), and acidity (1±0.1; 0.7±0.05). In YBA (Yoghurt containing bulla flour and 

acid casein) and YCA (Yoghurt containing corn starch and acid casein), the acidity value was 

statistically distinct (0.7±0.05; 0.6±0.05) and lowest. All of the yoghurt samples had the same pH 

value (4.6± 0.1). The maximum consistency values (8394.39±317.46 g.sec; 8030.25±319.02 g.sec) 

were found YBAG (Yoghurt containing bulla flour, acid casein and gelatin) and YMAG (Yoghurt 

containing matoke flour, acid casein and gelatin) respectively. YBAG had the greatest 

Cohesiveness (-387.09±17.99 g) and Viscosity Index values (-411.14±14.19 g.sec), which were 

statistically distinct. In Y CONTROL (Yoghurt containing no acid casein or skim milk powder), 

YB (Yoghurt containing bulla flour), and YBA, whey separation values (9.65±0.02; 9.21±0.03; 

9.01±0.01) were statistically distinct and greatest. Overall, the yoghurt samples with bulla and 

matoke flours were the most liked. Small scale milk processors’ (SMEs) willingness to adopt the 

novel fermented milk product was satisfactory. In yoghurt processing, matoke and bulla flours 

have been proven to be efficient thickeners and acid casein, a stabilizer and replacement for skim 

milk powder. SMEs and farmers should attend training sessions to improve their knowledge of 

locally produced value-added dairy products such as the developed yoghurt. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Background Information 

The bulk of milk in the milk value chain is wasted due to spoilage. Insufficient handling and 

storage, poor market access (due to long distances and bad roads to collection points), milk 

rejection at collection points (due to insufficient handling and transportation as well as a lack of 

processing capacity), irregular power supply (affecting cooling and processing plants in 

particular), and insufficient markets are all causes of spillage and spoilage on farms (FAO, 2011; 

Lore et al., 2005). Since incorrect handling and excessive transit times cause milk quality to 

degrade, it is rejected at collection sites. This milk cannot be pasteurized since it is judged 

unsuitable. Due to milk rejections, farm-level post-harvest losses of up to 6% of total production 

might be incurred (Muriuki, 2003). In Kenya, nearly 75 % of informal milk dealers who purchase 

milk from farmers estimate weekly spoilage losses of 17 to 23 liters. It also accounts for a large 

portion of the postharvest losses in smallholder milk sent to collection centers and commercial 

outlets. 

Because of the acquired acidity, high acid milk is rejected at collecting facilities. This milk is 

regarded a loss due to the deterioration of milk components, which causes changes in milk 

attributes such as taste, smell, consistency, and so on. This kind of milk is not considered suitable 

for product development. The high acid milk is frequently returned to individual farmers or 

transporters. Traditional fermented milk is made by allowing the milk to ferment naturally in 

containers for 2 to 3 days. Some farmers throw away the milk, while others feed it to their calves. 

Although high acid milk is generally seen as inferior quality and rejected by processors, it is not 

inedible. Lactic acid created by bacteria in the milk coagulates milk proteins, resulting in acid 

coagulation. Stabilizing and improving the texture of milk products can be achieved by using these 

coagulated milk proteins. Among the many types of serum proteins are casein and whey, which 

are components of milk proteins. Splitting the first and second subgroups is an option. When it 

comes to proteins, casein can be separated from whey, which cannot (Fox, 2001). 

Milk contains a colloidal dispersion known as casein micelles. Depending on the pH of the 

milk, the individual amino acids in caseins might have a positive or negative charge. At a certain 

pH, the positive and negative charges on the casein micelles will equalize, resulting in a protein 

net charge of zero. When it comes to proteins, the solubility of a protein may be determined by its 
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"isoelectric point" (IEP). Acid casein precipitation has a pH of 4.6, and that is what the IEP means. 

Casein micelles breakdown as a result of the acidity in milk, resulting in precipitation due to the 

low pH. The idea was used to extract casein for use in enhancing developed yoghurt in this study. 

Binding, gelling, and thickening agents (stabilizers) are hydrophilic chemicals that distribute in 

solution as colloids, earning them the nickname hydrocolloids (Lindsay, 1985). One source for 

these compounds is plants or animals. They improve viscosity and creaminess while also reducing 

whey separation from yogurt during the manufacturing process, which is rather prevalent. 

Starches including corn, sweet potato, potato, and chestnut are widely used in the yoghurt 

industry. In the yoghurt sector, starch is utilized because it thickens well and can help reduce 

yoghurt flaws by enhancing texture, making the product more attractive to purchasers (Alakali et 

al., 2008; Sameen et al., 2016; Zhao et al., 2009). The resultant yoghurt gel may have a range of 

rheological properties due to the swelling that happens after heat treatment in such a mixed system 

of milk and starch (Narpinder et al., 2003). The amount of amylopectin in a starch impacts its 

ability to expand; amylose acts as a diluent as well as a swelling inhibitor (Tester & Morrison, 

1990). The viscosity of starch varies with concentration, temperature and shear rate (Nurul et al., 

1999). Starch's physical and chemical properties, such as amylase/amylopectin ratio, mean granule 

size distribution, and mineral content, all impact how it behaves in a system like yoghurt. 

The purpose of this study was to convert high acid milk into acid casein for use in fermented 

milk production as a protein supplement. As thickeners, banana/matoke (Musa acuminata) and 

bulla (Ensete ventricosum) starch powders were added to the enhanced and stabilized milk. 

1.2 Statement of the problem 

One of the most prominent reasons of milk spoiling during transit or storage at uncooling 

temperatures is the formation of acidity as a result of microbial activity. Because it cannot be 

cooked, the resulting high acid milk typically fails quality evaluation tests, particularly alcohol 

tests at collection facilities, and is consequently classified as low quality. The milk is rejected due 

to the developed acidity. In Kenya, 75 % of informal milk traders who purchase milk from farmers 

report weekly losses of 17 to 23 liters due to degradation induced by high acidity. High acid milk 

is regarded a loss due to the breakdown of milk components, which results in changes in milk 

attributes such as taste, smell, and consistency. This type of milk is not considered suitable for 

product development. The lactic acid produced by particular microorganisms causes acid 

coagulation of milk, however this does not render the milk useless. Other milk products can benefit 
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from the inclusion of these coagulated milk proteins to help stabilize and enhance texture. The 

goal of the study was to create and promote fermented milk technology that included casein 

obtained from high acid, stabilizers such cornstarch and gelatin, and thickeners like 

banana/matoke (Musa acuminata) and bulla (Ensete ventricosum) starch powders. New dairy 

products were produced employing small-scale processors' access to industrial (processing) 

infrastructure. 

1.3 Objectives 

1.3.1 General Objective 

The study's overall objective was to develop protein-enriched and stabilized banana/matoke (Musa 

acuminata) and bulla (Ensete ventricosum) yoghurt using high acid milk for increased nutrition 

and acceptance by SMEs.  

1.3.2 Specific Objectives 

i. To develop yoghurt enriched using acid casein extracted from high acid milk, stabilized, 

and thickened using matoke and bulla flours 

ii. To determine the nutritive value of acid casein protein enriched, stabilized, and thickened 

yoghurt  

iii. To determine the rheological properties of the developed acid casein protein enriched, 

stabilized, and thickened yoghurt 

iv. To evaluate the sensory quality and consumer acceptability of the developed acid casein 

protein enriched, stabilized, and thickened yoghurt 

v. To determine the willingness to adopt acid casein protein enriched, stabilized, and 

thickened yoghurt by selected small and medium enterprises (SMEs) 

1.4 Hypotheses 

i. There is no significant difference between conventional yoghurt and yoghurt enriched 

using acid casein extracted from high acid milk, stabilized, and thickened using matoke 

and bulla flours  

ii. Acid casein protein, stabilizers, and thickeners used in yoghurt development will have no 

significant effect on the nutritive value of the yoghurt 

iii. Application of acid casein protein, innovative stabilizers, and thickeners to yoghurt milk 

will have no significant effect on the rheological properties of the yoghurt 
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iv. Application of acid casein protein, innovative stabilizers, and thickeners to yoghurt milk 

will have no significant effect on the sensory quality and consumer acceptability of the 

yoghurt 

v. The selected SMEs are not willing to adopt the production of acid casein protein 

enriched, stabilized, and thickened yoghurt 

1.5 Justification of the study 

Food spoilage caused by microbial, physical, and chemical effects causes Post-Harvest Losses 

(PHLs). The development of acidity during transportation to collection locations or storage at an 

uncontrolled temperature is the primary cause of spoilage in milk. The souring flavor gels and 

clots occur as a result of spoilage bacteria fermenting the milk, causing odour, taste, and texture 

changes (non-homogenized mixtures). Lactic acid bacteria are the root of the problem (LAB). The 

resulting milk is rejected at collection sites and deemed a loss, resulting in less milk being given 

to customers and a revenue loss for producers, merchants, and processors. It's critical to develop 

suitable processing technologies to prevent milk from spoiling owing to microbiological, physical, 

and chemical factors. 

One example of such technology is the extraction of acid casein from high acid milk that is 

judged unsuitable at milk collecting sites after failing quality control tests. The use of extracted 

acid casein to make value-added yoghurt is an example of a circular economy, in which goods are 

reused rather than discarded and fresh resources are harvested. In such an economy, all sorts of 

trash are returned to the economy or used more efficiently. We continue to lose this type of food, 

despite the fact that food security is a long-term phenomenon in our country. Foreign exchange 

losses result in the country's economic returns being low. On the other hand, there is no policy in 

place addressing the usage of high acid milk in the country. Starch and amylose are found in 

significant concentrations in green bananas, unlike other starches. The capacity of starch to form 

films and be chemically changed is enhanced when the starch has a high percentage of amylose. 

Starch may be found in enset plants. Enset starch has a greater lipid and protein content than potato 

starch, but a lower one than maize starch. The ash level of enset starch is higher than that of maize 

starch, but lower than that of potato starch. The findings of the study add to knowledge of how to 

develop and market novel processing technologies and value-added dairy products. Participants in 

the dairy industry, notably dairy farmers, small and medium businesses (SMEs), and the general 

public, will benefit from the findings. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Milk production and milk processing 

It doesn't matter whether you're in a family or on your own; milk is an essential element of 

your diet. Water, fat, protein, lactose, minerals, and other components make up this colloidal 

mixture. It contains 88 % water and 12 % solids, which include 4.8 % carbohydrates, 3.5 % lipids, 

3.1 % protein, and 0.6 % salts. Amino acids, vitamins, minerals, lipids, and carbohydrates are just 

a few of the beneficial substances included in this mouthwatering dish. While new milk has a 

slightly alkaline pH due to the lactic acid produced by bacterial action on the lactose sugar, this 

changes as the milk matures. While the fat and protein content of milk from various animal species 

might vary a little, it is always a major problem in human nutrition (Walstra et al., 2006). Milk 

proteins include or may be made from amino acids, which have a variety of roles in the body. In 

order to reach their full potential, people of all ages need an adequate supply of amino acids. 

Lactose is responsible for milk's osmotic pressure, freezing point decline, and boiling point 

increase, as well as its other cooperative properties. Most of milk's nutritional content may be 

attributed to its chemical make-up (Walstra et al., 2006). Milk contains a wide range of nutrients 

in addition to fat, protein, lactose, water, and ash. For its creamy taste and color, butterfat is the 

milk's most important element. Butterfat is used in a variety of products, including butter oil, 

cream, butter, and ghee. To a large extent, milk's butterfat content is determined by its breed and 

species. Goat milk has between 3 and 5.6 % butterfat. From 3.2% to 5.5% of cow milk is made up 

of protein. Sheep's milk has 6.4 to 9 % protein (Ahern, 2017). 

Dairy animals are kept by the vast majority of farmers. The amount of milk a cow produces 

changes throughout the year, depending on the season. The majority of farmers would want to 

have more milk and dairy products for personal use. They want to supplement their income by 

selling milk and dairy products on the open market (Ahern, 2017). Kenya produces around 4.5 

billion liters of milk per year, however losses after harvest are estimated to be 27.2 % (FAO, 2011; 

GOK, 2010). Microbiological decay, spillage, and forced consumption are the most prevalent 

causes of food loss (Ivy et al., 2012; Lore et al., 2004). Value and volume are both lost as a 

consequence of post-harvest losses across the dairy value chain. This means that customers will 

have less milk to choose from and that the milk industry as a whole will suffer financial losses as 
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a consequence. In the dairy business, "post-harvest losses" is a phrase used to describe the losses 

that occur after milking and continue along the supply chain until they are eaten (Lore et al., 2004). 

Farmer associations and milk collection center operators may exclude low-quality milk from 

the milk they get from individual farmers thanks to quality control methods. Simple platform 

checks are required for milk supplied to processing facilities, dairy bars, and raw dairy vendors in 

big cities. Dairy farmers and manufacturers depend on these facilities for reliable supplies of high-

quality and safe raw milk (Demirbas et al., 2009). They provide as a link between the raw milk 

and the processed milk sectors. This group's primary goal is to gather enough milk to fulfill 

industrial needs, but the industry also expects high-quality and sufficient quantities of that milk. 

Raw milk is subjected to organoleptic testing, alcohol testing, and lactometer testing (FAO-

UN, 2018). If you just need to see (vision) and smell (olfaction), the organoleptic test is the 

simplest (odour). The milk should be rejected if it smells terrible, has a strange color, or contains 

particles. It is the most often used technique of quality assurance, based on the stability of milk 

casein micelles. Micelles disintegrate as the acidity of the milk increases. The clot on boiling 

(COB) test is not as sensitive as the alcohol test. COB only detects very acidic milk (pH 5.3). The 

alcohol test may identify even medium-acidity milk (pH 6.4). As a consequence, even if milk 

passes the COB test, it may fail the alcohol test. It's possible that mastitic and colostrum milk might 

fail an alcohol test, too. It's fast and simple to do the COB test. Acidity in milk is defined as a pH 

value more than or equal to 5.8. Throw away any milk that has an acidity level more than 3. Testing 

is conducted to establish the milk's origins. Because of the high concentration of whey proteins in 

colostral milk, it's best to stay away from it when processing it (FAO-UN, 2018). 

In order to make sure that milk and milk products are safe, healthful, and fulfill the criteria for 

purity, chemical composition, bacterial and other microbe levels, quality control for milk is carried 

out using different tests (FAO-UN, 2018). Milk quality control programs also verify that all parties 

connected with the milk supply chain are using proper practices for handling milk. A well-thought-

out system is beneficial to all parties involved. Farmers may be able to get a greater price for their 

milk if it is of superior quality. Because the milk that processors get is of dependably good quality, 

a broad variety of dairy products may be prepared with it. Others who want the best quality will 

have to fork over more money, while those who are OK with mediocre quality will have to settle 

for a lower standard. Protecting consumers' health and preventing contaminated and inferior 

products are the government's primary responsibilities (FAO-UN, 2017). 
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The first step in the milk processing process is pasteurization. During pasteurization, all of the 

milk's constituents are heated to a specified temperature and held there for a predetermined period 

of time (for example, 63°C for 30 minutes). This method is effective in killing germs and other 

bacteria that pose a health risk to humans. Milk and milk products may be kept for extended periods 

of time without rotting since it enhances storage quality and makes milk safe and healthy. Many 

farmers pasteurize their milk as standard procedure (Codex, 2015). Due to the potential 

introduction of foreign particles or bacteria, straight boiling is a filthy technique. Direct boiling 

also has the disadvantage of requiring more fuel, such as firewood, to do the same amount of work. 

Milk is pasteurized more effectively when the process is performed indirectly. Fill a larger metal 

dish partially with water to protect the milk can. Use an open flame, a gas burner, or an electric 

hot plate to warm the bigger outside pot (Codex, 2015). 63°C batch pasteurization for 30 minutes 

is another option for pasteurization. Small-scale farmers and cooperatives will benefit from this. 

Pasteurization at 72°C for at least 15 minutes is also known as HTST (high temperature, short 

duration pasteurization). This can handle big quantities of milk, up to and including 250 liters. Last 

but not least, there's UHT, which is 135°C. Large industries make advantage of this. Use of specific 

equipment is required. The shelf life of UHT milk can be extended for up to six months without 

refrigeration (Codex, 2015). 

Dairy items include cream, butter, yogurt, and cheese. The first step in creating cream, butter, 

ghee, and other fats is to separate cream from fresh milk (Codex, 2015). Centrifugal and 

gravitational forces may be used to separate objects. The milk settles because of gravity's effect. 

When compared to the other components of milk, cream is a paler shade of yellow. It may be taken 

out and climbed to the top of the structure. The centrifuge, a basic machine, is required for 

centrifugal separation. With the aid of an electric motor, a centrifuge may be turned. In contrast, 

milk standardization necessitates altering the fat content of milk to the precise quantity needed. 

Various percentages are needed for different products. It's simple to figure out and adjust the ratio. 

Butter can only be made if the butterfat is condensed. Butter should contain 80 % fat content, 16 

% moisture level, and 2 % nonfat milk solids (SNF). It may contain a small amount of salt (2 %) 

to improve shelf life and flavour (Tsakalidou, 2009). However, butter that has too much moisture 

(more than 20 %) loses its flavor. Ghee is a term for anhydrous (dry) butterfat. It has a butterfat 

percentage of 99.9 %. The liquid in cream or butter is evaporated to make ghee. It's something you 

would find in a kitchen. Ghee can be made with either cream or butter. Making it with butter uses 
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less energy. All of the liquid has evaporated and the temperature has reached 120 to 125°C. Milk 

that has been partially fermented into yoghurt is a semi-solid dairy product. A wide variety of 

tastes are available, and they are manufactured using fresh milk that is devoid of antibiotics and 

dairy disinfectants. Colostrum or mastitic milk should never be used to make yogurt. Profitable 

cheese is a big draw. Thousands of different kinds of cheese are on the market. In order to make 

one kilogram of cheese, nine liters of milk must be used. Skim milk and cream must be separated 

before the milk can be standardized to meet the appropriate fat level. Sub-pasteurization is 

necessary after standardization to remove all impurities. Milk is then heated to 63-65°C for 30 

minutes (Tsakalidou, 2009). 

To manufacture high-quality dairy products, you need to start with high-quality milk. You will 

need a 'starter culture' to make yogurt and cheese. In stores, you may buy 'starter culture.' If you 

do not have starter culture, substitute fermented milk made from very clean, high-quality milk 

(Codex, 2015). Using a different starting culture results in a different taste in the final product. 

Make sure you provide your consumers a variety of options to choose from before deciding on the 

final product. Instead of selling raw milk, you may make your own butter, yogurt, or cheese with 

it. A larger cost will be incurred, but any unsold or leftover milk will not deteriorate (Tsakalidou, 

2009). 

2.2 Fermented milk 

Fermented milk is widely available in many regions. Humans have been utilizing this strategy 

to extend the shelf life of milk for a long time. As humans transitioned from collecting to producing 

their own food more than 10,000 years ago, the manufacture of fermented milk is likely to have 

begun (Pederson, 1979). Throughout this era of transition, numerous animals were domesticated 

at various times and in diverse places. Certain civilizations (Pharos, Sumerians, Babylonians and 

Indians) were well-versed in farming and the production of fermented milk, according to 

archaeological evidence. In the Middle East and Balkans, where their roots are most likely, 

fermented milks have developed through millennia owing to the culinary skill of locals (Kurmann 

et al., 1992). There are now several countries producing fermented milk products, but the 

production processes are still complex and blend ancient trade skills with contemporary 

technology... (physics and engineering, microbiology and enzymology, and chemistry and 

biochemistry). While there are just a few variations of fermented milks listed, there are more than 

400 general terms for both traditional and commercial goods (Kurmann et al., 1992). 
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Only ethnic groups from the India, Middle East, the Balkans, and Eastern Europe, as well as 

individuals who felt the product was beneficial to their health, produced and consumed natural 

yoghurt before the 1950s. The following causes have led to a shift in consumer attitudes of yoghurt: 

(a) It became more extensively available and accessible to consumers as refrigeration grew more 

commonplace. (b) The launch of "new" generation of fruit- and sugar-sweetened yoghurts 

reimagined its image as a low-cost snack or dessert. (c) Hygiene is improved with the addition of 

probiotic microorganisms (Kurmann et al., 1992). Inter-Dairy Organization classified fermented 

milks as buttermilk, yoghurt, and others until the early 1990s, and this information provided 

information on consumer preferences in various countries; yoghurt and other fermented milk 

products are included in current per capita consumption data (IDF, 1997). Putting these items 

together may be countered as providing an incomplete picture of consumer behavior. Data on 

buttermilk consumption in such statistical tables should be taken with a grain of salt, as 

traditional/natural buttermilk is a byproduct of making butter from ripened or cultured butter, while 

cultured buttermilk is fermented skim milk with butter flakes added and sweet buttermilk is not 

fermented (IDF, 1997). 

Fermented milk has been a part of human diets for millennia. To begin with, the major goal of 

fermenting milk was to extend its shelf life once it was produced by the dairy industry. There are 

also other advantages, such as better milk flavor and digestibility and a wider variety of goods. 

Milk fermentation was discovered some 10,000 years ago. Milk is reported to have spontaneously 

fermented due to the presence of indigenous microorganisms (Kurmann et al., 1992). In addition 

to yoghurt, a variety of fermented milk products are produced across the globe. From traditional 

to industrially made, there are approximately 400 distinct names for fermented milk products on 

Earth. The microorganisms involved in the fermentation and/or processing of fermented milk are 

used to classify the different varieties of fermented milk. Microorganisms employed in each kind 

of fermented milk (i.e., thermophilic and mesophilic microflora) are distinct, but the 

manufacturing procedures are comparable across the board (IDF, 1982). 

When milk is fermented, lactose is converted into lactic acid by Lactococci and Lactobacilli, 

which are the two most common types of LAB. Fermenting the milk with the appropriate bacteria 

yields the end product, which is either coagulated or not. As long as these early microbes are alive 

and active, they should remain in plenty in the finished product (Kurmann et al., 1992). This rule 

does not apply if the product has been heated after fermentation. Fermentation will yield a 
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consistent fermented milk product if the starters are handled appropriately, high-quality milk is 

used, and the production procedure is followed. Fermented milk may now be made using standard 

methods. There are a range of microorganisms in fermented milk, as well as a number of process 

factors that provide a suitable environment for the microbes (Lee & Wong, 1993). Preservation, 

taste, and texture development are all influenced by the complex chemical interactions that occur 

in basic metabolism, and so the sensory quality of fermented milk contributes to its nutritional 

value. Temperature has a crucial role in preserving the uniqueness of each fermented milk product 

(Lee & Wong, 1993). 

They can be categorized in many different ways. Bacterial lactobacillus (LAB) products 

involving mesophilic or thermophilic LAB strains, as well as products of alcohol–lactic 

fermentation involving yeast and LAB, are included. Lactose is fermented into lactic acid, which 

is an important fact to remember when making products (Kurmann et al., 1992). The two forms of 

lactic fermentation, mesophilic and thermophilic, are depending on the temperature at which the 

starters are incubated: (which employs thermophilic starters that are totally made up of LAB). 

Acidophilus milk and Bulgarian buttermilk are thermophilic milk products; white yogurt, 'labneh', 

'skyr', 'laban', 'zabady', 'yakult', acidophilus milk and Bulgarian buttermilk are mesophilic milk 

products; Bulgarian buttermilk is thermophilic milk product (Kurmann et al., 1992). 

Pasteurized skim milk is combined with aroma-producing bacteria to create cultured buttermilk 

(IDF, 1997). High-quality cultured buttermilk has a moderate acid taste with an aromatic diacetyl 

overtone and a velvety thick viscosity and texture. For at least ten days at 5°C, this milk product 

has a delicate white look with no gas holes or whey separation (IDF, 1997). Acid is produced by 

Lactococcus lactis subsp. cremoris and Lactococcus lactis subsp. lactis, while diacetyl, an 

important volatile component, is produced by Lactococcus lactis biovar diacetylactis and 

Leuconostoc mesenteroide subsp. lactis biovar diacetylactis and Leuconostoc mesenteroides 

subsp. lactis biovar diacet cremoris, which are responsible for the product's buttery flavor and 

aroma, due to their proclivity for producing diacetyl. Fermented at 22°C until it achieves a 0.9% 

titratable acidity, most cultured buttermilks are created with mixed cultures. When making 

cultured buttermilk, both starting cultures must be kept at a temperature of 22°C (Kurmann et al., 

1992). Lc. lactis subsp. lactis generates more acid, whereas Ln. mesenteroides subsp. cremoris 

produces less fragrance when incubated at a higher temperature. Cultured cream, or sour cream, is 

a low-acid fermented milk product that has a buttermilk-like flavor and aroma and is quite thick. 
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It has a final pH of roughly 4.5 when it is made fresh. The butterfat content is usually at least 18%. 

Cultured buttermilk, a kind of mesophilic fermentation dominated by Lc. lactis, also uses starter 

cultures that perform the same tasks as those found in Lc. lactis. An incubation temperature of 

between 21 and 24°C is used (Kurmann et al., 1992). 

The symbiotic cultures of Streptococcus thermophilus and Lactobacillus delbrueckii subsp. 

bulgaricus ferment medium-acid fermented milk to produce yoghurt, which has a subtle walnut 

taste (IDF, 1997). A 1:1 ratio of the two yogurt bacteria can be introduced as beginning cultures 

at a concentration of 2 to 5 percent inoculum or found naturally in milk (in regions where yoghurt 

is traditionally prepared). When the pH is 4.4, incubate the mixture for 3 to 6 hours at 42 to 45°C 

to bring the titratable acidity of the mixture down to 0.9% to 1.2%. Incubation temperature and 

acid concentration affect the protocooperation contact between rods and cocci, which gives plain 

yoghurt its delicate flavor. In order to help Lactobacillus delbrueckii subsp. bulgaricus develop, 

Sc. thermophilus generates folate, which Lb. delbrueckii subsp. bulgaricus uses as a growth factor 

(Kurmann et al., 1992). 

Lactic acid, diacylglycerol and acetaldehydes, all of which may be found in small levels in 

bulgarian yoghurt, play an important role in its flavor. Most nations allow the heating of yoghurt 

after it has fermented. Additives like aspartame and other nutritive sweeteners are allowed. 

Separate techniques are used to make set and stirred yogurts, which are both considered varieties 

of yoghurt. Products like yogurt may be found all around the globe. Fermented milk products like 

yogurt are known by a variety of names across the world (IDF, 1997). Sheep's milk is used 

principally in the production of 'Zabady,' or Egyptian yoghurt. To differentiate between Indian 

yogurt and Indonesian yogurt, the terms "Dahi" or "Dadih" are used. These goods are commonly 

made with buffalo milk, which is sometimes mixed with bovine milk. Another type of thermophilic 

milk product is acidophilus milk (Be'al C & Helinck, 2014). It contains Lactobacillus acidophilus, 

which produces lactic acid from lactose, the sugar in milk. It has also been demonstrated that the 

probiotic bacteria Lactobacillus acidophilus provides clients with a range of nutritional and health 

advantages, making it an excellent complement to any diet. It can live in the digestive tract because 

it can grow in the presence of acid and bile acids. Lactobacillus acidophilus is a lactic acid 

bacterium that is present in milk and is known for its sluggish growth. For this reason, it is essential 

to transfer the mother culture of the inoculum on a regular basis in order to ensure consistent results 

(Be'al C & Helinck, 2014). 2 to 5% active culture inoculum is used in acidophilus milk fermented 
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at 38°C until the curds form (which usually happens after 18 to 24 hours). There is no alcohol in 

the final product, which has a concentration of 1.5 to 2.0 percent lactic acid. It is agitated and 

pumped to a filler where it is poured in bottles or cartons after being cooled to 10°C. Several 

studies have shown that acidophilus milk can help treat gastrointestinal problems such 

constipation, non-ulcerative colitis, and diarrhoea in individuals (Be'al C & Helinck, 2014). Three 

types of thermophilic fermented milk are available, each prepared with a different strain of 

probiotic bacteria, such as bifidobacteria. 

Several strains of Lactobacillus acidophilus, Lactobacillus casei, and Bifidobacterium spp. are 

the most often used probiotic bacteria in fermented milk production (Be'al C & Helinck, 2014). It 

is claimed that these bacteria, as well as many others, can improve health and nutrition. This is 

made possible by the actions of these organisms in the digestive tract. Classic yoghurt starter 

cultures, Sc. thermophilus and Lb. delbrueckii subsp. bulgaricus, do not grow in the gut (Shiby & 

Mishra, 2013). Lactose intolerance sufferers might benefit from them since they make it easier for 

them to digest lactose. In the same manner as yoghurt is manufactured, certain probiotic fermented 

milks are made using starting cultures enriched with probiotic bacteria. Over the past few decades, 

the number of probiotic-enriched fermented milks has grown significantly (Shiby & Mishra, 

2013). 

Despite the use of single-strain cultures in some fermented milks, the vast majority of 

fermented milks are made with a combination of organisms. 'Bifighurt,' 'Bioghurt,' and 'Biogarde,' 

for example, are all German terms for fermented milks containing probiotic bacteria, whereas the 

Danish term for a product prepared with Bifidobacterium bifidum and Lactobacillus acidophilus 

is 'culture.' The fermented milk traditions of many nations and regions are often reflected in the 

milks created today (Be'al C & Helinck, 2014). The nutritional and physiological advantages of 

fermented milk products, as well as their flexibility and marketing, are all critical to their success. 

Medical research supports the health advantages of fermented milk as seen by consumers. Kefir 

grains serve as the inoculum, which is a bacterial and yeast combination. Bacteria from the genera 

Leuconostoc, Lactococcus and Acetobacter are a part of the kefir starter culture and are developing 

in a special connection with the kefir grains (Shiby & Mishra, 2013). Kluyveromyces marxianus, 

a lactose-fermenting yeast, lives in kefir grains with other yeasts that do not ferment lactose 

(Saccharomyces unisporus, Saccharomyces cerevisiae, and Saccharomyces exiguus). 

Fermentation of kefir takes place between 18 and 22°C. About 0.8 percent ethanol and 1.0 percent 
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carbon dioxide are produced after 20 hours. However, Kumys is a type of sour and alcoholic 

fermented milk that is permitted to mature for many hours in order to increase viscosity and 

coagulum stability. It is customary to use mare's milk in the production of this milk product. 

Lactose-fermenting yeasts such Saccharomyces lactis and K. marxianus ferment milk to create the 

final product, which is made with Lb. delbrueckii subsp. bulgaricus. Adding carbon dioxide to the 

mix enhances the flavor and gives the final product a foamy texture (Shiby & Mishra, 2013). 

Addition of 10-30% Kumys starter culture (which may contain Lb. acidophilus) at 26-28 °C 

produces an initial acidity of 0.45 % lactate, which is subsequently further incubated (Be'al C & 

Helinck, 2014). After fermentation, 0.6 percent lactic acid and 0.7% alcohol, 0.8% lactic acid and 

1.1% to 1.7% alcohol, or 1.0% lactic acid and 1.7% to 2.5% of alcohol can be found in the final 

product. Lb. acidophilus and Sacch. lactis starter cultures are mixed with whole or skimmed milk 

and heated to 90 to 95°C for 10 to 15 minutes before chilling to 35°C and inoculating with 3–5 

percent mixed starting culture at 35°C until 0.5 to 0.8% lactic acid and roughly 0.5% alcohol are 

obtained. A yeasty sour fragrance permeates this milk product, which is classified as viscous 

(Shiby & Mishra, 2013). 

Lavatory fermentations are a common place to find Villi, a kind of mold. The starting culture 

for fermented milks doesn't normally include mold. This is not the case with Viili, a Finnish 

product. Citrate-positive Lc. lactis and Ln. mesenteroides subsp. cremoris, as well as the mold 

Geotrichum candidum, are included in the beginning culture for this product. Starter cultures are 

injected into 2.5 to 3.9% fat milk and incubated at 18 to 21°C to achieve a final acidity of 0.9 

percent lactic acid. Viili's ropy look is due to the lactococcal capsules it produces (Tamime & 

Robinson, 2007). 

Yeast-lactic fermented milks, on the other hand, are popular in Eastern Europe, Russia, and 

Mongolia. Lactic fermentations of the mesophilic kind are more frequent in northern European 

nations. Whereas fruit- and flavor-flavoured yoghurt is preferred by most people outside of the 

Indian subcontinent and Balkans, natural yoghurt is popular in those regions (Be'al C & Helinck, 

2014). Probiotic-fermented milk production has grown dramatically in a few nations over the past 

decade, despite the lack of statistics on worldwide output figures. Lactobacillus acidophilus and 

Bifidobacterium spp. fermented milk's share in the French market grew from 1,500 tonnes in 1986 

to over 91,000 tonnes in 1990 (Renard, 1998). 
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Africa's favorite milk meal is fermented milk. Traditionally, it was created by spontaneously 

fermenting milk in clay pots, gourds, wooden vessels, animal skin, and woven straw containers. 

As soon as the pH drops below 4.6, milk begins to coagulate. There are a few days to two weeks 

of shelf life for natural fermented milk, depending on the processing processes utilized. With or 

without the inclusion of appropriate bacteria, this product is often made by fermenting milk (Codex 

Standard, 2003). In order for the added cultures to remain alive, active, and abundant until their 

expiration date, they must meet the following criteria: at least 107 CFU g-1. Fermented or cultured 

dairy products, such as yogurt, are often made with milk, which is then incubated with microbe 

cultures to create the final product. Coagulation occurs as a result of the action of particular 

bacteria, and the pH falls. According to Codex Alimentarius, either a pure fermentation (lactic acid 

fermentation) or a mixed fermentation (alcoholic fermentation) should utilize nonpathogenic and 

harmless microorganisms (Codex Standard, 2003). Cultured buttermilk, yogurt and acidophilus 

milk are all examples of products that need the use of specialized cultures. It is necessary for S. 

thermophilus to coexist with L. delbrueckii ssp. bulgaricus in order to properly ferment yoghurt, 

for example (Tamime & Robinson, 2007). Yogurt ferments when S. thermophilus is included in 

the mix, and this is true of any Lactobacillus species. Milk is fermented with Lactobacillus 

acidophilus by adding a Lactobacillus acidophilus culture. Kefir is fermented by a starter culture 

called Lactobacillus kefiri, which is made from kefir grains and flourishes in close association with 

organisms of the genera Leuconostoc, Lactococcus, and Acetobacter (Codex Standard, 2003). 

Lactose-fermenting yeasts like Kluyveromyces marxianus and nonlactose-fermenting yeasts such 

Saccharomyces unisporus, Saccharomyces cerevisiae, and Saccharomyces exiguous make up the 

grains of kefir in the final product. In the Kumys or Kumis culture, you'll find L. delbrueckii ssp. 

bulgaricus and a variety of other Kumis species (Kilara, 2017). 

Lactic fermentation products from mesophilic or thermophilic LAB strains have led to the 

following: (1); compounds resulting from the alcoholic-lactic fermentation of yeast and LAB (2); 

additional to fermented types of food, and those in which mold development happens (1) or (2). 

Lactic acid is made from lactose, which is fermented into all of the compounds (Aswal et al., 

2012). International Dairy Federation (IDF) set common standards of identification for fermented 

milks, according to the Encyclopedia Dairy Sciences. To make fermented milks, specific 

microorganisms are used to metabolize dairy products, such as whole or partially skimmed milk, 

powdered or concentrated whey or whey protein concentrates (e.g., edible casein and caseinates, 
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whey protein concentrates), concentrated or powdered buttermilk, concentrated or powdered whey 

or whey protein isolates, cream, butter or milk fat, all of which are made from at least pasteurized 

raw materials (Codex Standard, 2003). As a result of a joint effort between the International Dairy 

Federation (IDF) and Codex Alimentarius Commission, a codex standard for fermented milks 

(Codex Stan 243-2003) was developed (CAC). A proposed draft amendment to the Codex 

Standard for Fermented Milks pertaining to drinks based on fermented milk is currently being 

developed, with a minimum content of 40% fermented milk, 1.08% protein, and 0.1% titratable 

acidity (titratable acidity expressed as a percentage) is currently being developed (Codex Standard, 

2003). Some examples of fermented milks with a protein concentration of at least 2.7 percent 

include set yoghurt, sourdough cultured yogurt, stirred yoghurt, alternative cultured yoghurt, and 

cultured buttermilk. As far as raw materials and manufacturing processes are concerned, each 

nation has its own unique standards and regulations in place. The Food and Drug Administration 

(FDA) in the United States, for example, has regulations on product id in the CFR. Yoghurt, low-

fat yoghurt, and nonfat yoghurt are all varieties of yoghurt. Adding heat to yoghurt after 

fermentation prolongs its shelf life, but it also destroys the beneficial microbes that make it 

nutritious. Fermented milks are those that have not been boiled after fermentation, according to 

IDF Standard 47. The current Codex Alimentarius tendency is to employ particular labeling, such 

as "contains no active cultures," to differentiate between live and heat-treated goods. It is suggested 

by the International Dairy Federation that the total viable count in yoghurt be counted in this 

manner. The total number of viable organisms is estimated to be 108 cfu g-1 yogurt at the time of 

manufacture, and at the end of the expiration date, the Codex Standard for Fermented Milks sets a 

minimum viable count of yoghurt starter for products that have been stored according to the 

labeling requirements of 106 cfu g-1 yoghurt starter organisms that are still alive after the product 

has been kept in accordance with the labeling guidelines. Yogurt and other fermented milk 

products have its own national identification criteria, which are frequently based on fat and solid 

nonfat content, as well as acidity, in many countries (Codex Standard, 2003). Both partly and 

completely skimmed yoghurts are covered by the FAO/WHO CAC requirements. Pasteurized 

after-fermentation products such as plain yoghurt or sweetened yoghurt are all covered by these 

guidelines (FAO-UN, 2017). 

Concentrated fermented milk is defined by Codex as a milk product that has had its protein 

content boosted to a minimum of 5.6 percent prior to or during the fermentation process. 
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Fermented milk products such as Stragisto (strained yoghurt), Labneh, Ymer, and Ylette are 

examples of traditional goods made from concentrated milk (Codex Standard, 2003). Compound 

milk products that contain up to 50% non-dairy ingredients and/or flavors (such as nutritive and 

non-nutritive sweeteners, fruits and vegetables and juices, purees, pulps, preparations and 

preserves derived from cereal, honey, chocolate, nuts and spices and other harmless natural 

flavoring foods) are known as flavoured fermented milks (FFM). Non-dairy ingredients can be 

added before or after the fermentation process (Codex Standard, 2003). Drinks made from 

fermented milk and water, with or without other ingredients, are known as fermented milk drinks. 

Milk fat and milk protein content are currently the most important indicators of fermented milk's 

identity. Other factors include the amount of starter culture used, the minimum amount of labeled 

microorganisms used as a supplement to the starter cultures, as well as the amount of detectable 

lactic acid present in the final product (FAO-UN, 2018). 

Various fermented milk products have different legal classifications in different countries. 

Many nations lack prescriptive legislation that adheres to the IDF standard. Live bacteria must be 

present in the final product in order to meet several regulations for fermented milks and similar 

products (in legislation or industry standards). The product must include a high amount of living 

microorganisms in nations such as Denmark, Japan, the Netherlands, and Austria (usually 107 ml-

1) (Codex Standard, 2003). Heat-treated items that have been fermented can be recognized in some 

countries, such as the Germany, United Kingdom, and Sweden, as long as appropriate consumer 

labels are applied. The fermented milk standard is being revised by the Codex Committee on Milk 

and Milk Products. Food additives, pollutants, hygiene, and labeling will all be included in the 

new standard for all fermented milks (including yoghurts and composite products) (Codex 

Standard, 2003). The definition, composition, and minimum acidity for mild yoghurt, the 

definition of composite fermented milk products, and the labeling of heat-treated goods are all 

fiercely discussed subjects right now (McKevith & Shortt, 2003). 

It was for this reason that fermented milks were developed: to preserve milk and protect it from 

spoiling. They've moved from small-batch production at home to large-batch production utilizing 

a variety of starting and automated procedures, and they've done so through time and across diverse 

geographical locations (Singh & Nagendra, 2017). Lactic fermentation is used to make most 

varieties of fermented milk from cow, buffalo, sheep, and goat milk. However, kefir and koumiss, 

both of which are fermented dairy products made from goat or mare milk, are also popular (Singh 
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& Nagendra, 2017). Fermented milk has several health benefits for humans. Cultured meals, on 

the other hand, are easier to digest than unfermented ones. As a result, some cultures feed their 

infants fermented foods as a form of weaning diet. It's possible that the formation of minute 

particles during fermentation increases the surface area that may be utilized by enzyme digestion 

later on in the process. fermented milk products often have 30 to 50 % less lactose than milk (Singh 

& Nagendra, 2017). Lactase-intolerant persons can benefit from fermented meals since microbial 

beta-galactosidase hydrolyzes lactose to create galactose and glucose during fermentation (absence 

or decreased production of the enzyme needed to break down lactose). Microbial beta-

galactosidase is released into the small intestine by fermented foods that survive stomach acid. 

This enzyme improves lactose breakdown (FAO/WHO, 2011). 

Microbial digestion means that fermented milk products will include more free amino acids 

and peptides, but the total amino acid content will remain the same. When it comes to protein 

digestion, most people don't have a problem. A product's vitamin content is determined by its raw 

materials, starting cultures, and processing conditions (especially heat treatment). Both in vitro 

and in vivo, LAB may create vitamins like folate (Singh & Nagendra, 2017). Vitamin levels may 

be boosted as a result of this process. If these vitamins were to have an effect on healthy people's 

vitamin levels, it's not known how they would be absorbed in the gastrointestinal tract. There is 

some indication that the bioavailability of the product may be boosted by the fermentation process. 

Calcium, phosphorus, and zinc are among the minerals abundant in fermented dairy products 

(Zamberlin et al., 2012). Some people's nutritional condition can be improved by traditional 

fermented milks and kindred products, especially in underdeveloped nations where they are an 

inexpensive source of nutrients. Because they are created from milk or some other fundamental 

component, fermented beverages and other similar items often contain the same nutritional content 

as their original source. Despite the fact that fermentation alters their nutritional composition, 

products generated from milk are often excellent suppliers of several elements (McKevith & 

Shortt, 2003). 

Because of the alleged health advantages of fermented milk products such as yoghurt, kefir, 

and koumiss, demand for these products has increased dramatically (Singh & Nagendra, 2017). 

As a result of their conventional and small-scale production method's location-specific and limited 

product availability, there is a demand-supply mismatch. For these reasons, various technical 

innovations have been made in recent years to keep pace with rising consumer demand for products 
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while also ensuring that they are of the highest possible quality and consistency for their intended 

audience (Singh & Nagendra, 2017). 

In places where milk is produced, traditional milk processing methods result in products that 

are highly regarded by those who consume them. Members of these groups that move to 

metropolitan areas either lack access to traditional dairy products or consume more industrially 

processed dairy products because of evolving taste preferences in these areas (Kurwijila, 2006). A 

small-scale dairy producer has the possibility to enter a niche market for industrially fermented 

milk through these clients. However, sanitary processing of fermented milk products is necessary 

to assure their safety and consistency in quality (Kurwijila, 2006). The study examined at how acid 

casein protein-enhanced yoghurt stabilized with matoke and bulla thickeners can be prepared by 

small-scale processors utilizing little industrial (processing) equipment. 

The most widely consumed fermented milk product in the world is yoghurt (Saint-Eve et al., 

2006). There are two strains of LAB used to produce it from milk and/or cream: Lactobacillus 

bulgaricus and Streptococcus thermophilus. Currently, yoghurt is defined by Codex as a milk 

product created by fermenting these two types of bacteria. Yoghurt production is restricted in many 

locations to the use of solely L. bulgaricus and S. thermophilus. For yoghurt to be "viable and 

abundant," bacteria cultures must be present in sufficient numbers at the time of consumption. This 

is accomplished by the lactic acid released by designated species of bacteria cultures, which must 

be "viable and abundant." (Chandan, 2006). Both varieties of yoghurt have distinct textures 

because of the production process. Strung yoghurt has a thick, creamy texture and a continuous 

gel texture (Tamime & Robinson, 2007). Yogurt is available in a wide range of varieties, each with 

a distinct flavor profile. Scientists employ chemical criteria to define fat in yoghurt, which is 

divided into three types: full, skimmed/medium and reduced fat (or no fat at all). Yoghurt is 

categorized by its chemical makeup or fat content (full, partially skimmed/medium, or 

skimmed/low) in various nations. 

Classifications for other yoghurt products are determined by physical characteristics, 

flavorings, and post-fermentation processes (Be'al C & Helinck, 2014). Enzyme hydrolysis and 

vitamin fortification as well as vegetable oils and heat treatment under post-fermentation 

processing are included in the physical character of the product. The quality of yoghurt can be 

increased by altering its rheological, physical, sensory, textural, and physicochemical aspects 

(Be'al C & Helinck, 2014). Yoghurt is traditionally used in the Balkans and the Middle East to 
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make a variety of milk products, including: (a) making yoghurt by diluting the fermentate with 

water; (b) yogurt is de-wheyed to produce yogurt cheese (which is formed into small balls, then 

preserved in olive oil), strained yogurt, and other yoghurt products; (c) the aqueous phase of full-

fat yoghurt can be used as drinking yoghurt or combined with parboiled broken wheat to make 

cultured butter and/or ghee. 

In addition to the fat content (high, medium, or low), the product's physical nature (set or 

stirred; drinking yoghurt is typically considered stirred-type of low viscosity); and the flavor 

(plain, natural, fruit, or flavor; the latter two products are typically sweetened), legal and/or 

proposed standards classify the product, for example, based on the fat content (high, medium, or 

low). In addition to Lb. delbrueckii subsp. bulgaricus and S. thermophilus, non-traditional 

organisms can be found in probiotic, bio, and therapeutic yoghurts; other yoghurts include pre- or 

post-fermentation processing (replacement of animal fat with vegetable oil or lactose hydrolysis) 

(heat treatment or vitamin fortification). Here, new compounds that may be utilized to improve 

and stabilize fermented milk or yogurt were looked into. 

2.2.1 Fermented milks processing 

It is easy to find fermented milk all around the country. For thousands of years, humanity have 

relied on this practice to extend the shelf life of milk. Fermented milk production can't be traced 

back to a specific period in time, but it's reasonable to believe that it began around 10,000 years 

ago, when people made the shift from foraging for food to cultivating it (Be'al C & Helinck, 2014). 

There was probably a time and place where domestication of animals such as the cow, sheep, goat, 

buffalo and camel were a component of this shift. The evidence from antiquity, on the other hand, 

demonstrates the agricultural and fermented milk production of some civilizations (such as the 

Babylonians, Pharos, Sumerians, and Indians) (Kurmann et al., 1992). 

Because of the necessity to keep milk fresh longer rather than toss it away, the development of 

fermented milk products was spawned (Tamime & Robinson, 2007). Yoghurt is the most popular 

fermented milk product in the world (Saint-Eve et al., 2006). When it was initially developed, it 

was done on the fly based on hunches and trial-and-error methods, with no thought given to the 

various steps needed. In the new definition, it is defined as a gel-like milk product made from milk 

proteins that have been coagulated due to lactic acid generated by specific species of bacteria 

cultures that must be "viable and numerous" (with or without the addition of some natural 

derivative of milk, such as caseinates, skim milk powder, whey concentrates, or cream) (Chandan, 
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2006). The two most prevalent forms of yoghurt have varied textures because of the production 

process. Straining yoghurt is thicker and creamier than the set form, which has a gel-like 

consistency and is best served at room temperature (Tamime & Robinson, 2007). For all fermented 

milk products, milk base preparation, homogenization, heat treatment of starting culture and 

chilling are all standard production techniques (set- or stirred-type). The fat and non-fat solid 

(SNF) levels of the milk are regulated and supplemented during the manufacture of the milk base 

in order to meet current regulatory criteria. It is possible for the fat content to vary from 0.5 to 5.0 

g/100 g, while increasing the SNF to 14 g/100 g (protein makes up 5 g/100 g). There are several 

ways to increase the viscosity of the final product, including powder addition, evaporation, and 

membrane filtering. After the powders have been recombined at 40°C, they should be filtered and 

deaerated to remove any undissolved or burnt particles (to remove the air which is incorporated 

during recombination stage). Lactobacillus acidophilus and bifidobacteria are unable to thrive 

because of the presence of air in the milk basis. Using mesophilic lactic starter cultures to ferment 

goods also causes fouling of heat exchangers and changes to the gel's properties (Be'al C & 

Helinck, 2014). 

A reduction in fat globule diameter to 2 mm during fermented milk production reduces the 

likelihood of these small globules coalescing into larger units and rising to the surface. The milk 

also becomes whiter due to increased light reflectance and scattering. The product's viscosity also 

increases due to the interaction or adsorption of fat globules during homogenization (Be'al C & 

Helinck, 2014). The homogenizer (single-stage type) is located upstream, and the operating 

pressure employed during the processing of the milk base fluctuates between 15 and 20 MPa at 60 

to 90 °C. After the heat treatment process in the manufacturing of buttermilk, the milk base is 

homogenized and the gel is homogenized at 5 to 10 MPa and 20 °C after acidification; 

alternatively, the milk foundation can be homogenized in two stages (Tamime & Marshall, 1997; 

Tamime & Robinson, 1999; Tamime et al., 2001). During the manufacturing of fermented milk, 

different temperatures are employed to heat the milk foundation, which may vary based on time 

and temperature combinations. Certain temperature settings were applied; 85°C for 30 minutes, 

90 to 95°C for 5 minutes, and 105°C for 10 seconds. Be'al C and Helinck (2014) found that heating 

the milk foundation causes a slew of complicated and multifunctional physical and chemical 

changes to take place. A reduction in pathogens and other microorganisms in the milk base that 

makes it an ideal growth medium for starter cultures; changes in the physical-chemical properties 



21 

 

of the milk constituents, primarily the denaturation of lactoglobulin, which forms a complex with 

k-casein and reduces syneresis while increasing the firmness of the finished product (Be'al C & 

Helinck, 2014). 

Using DVI starting culture, the heated milk base is cooled to the product's chosen incubation 

temperature; some examples of incubation temperatures are: yoghurt at 40 to 45 °C for up to 3 

hours, at 30 °C for 18 hours or 5 hours when using DVI starter culture; probiotic products at 37 

°C for a few hours or up to 5 to 7 days depending on the organism(s) used (Tamime, 1977; Wszolek 

et al., 2001). Acid coagulation causes milk to gel because starter cultures and their enzymes 

hydrolyze lactose and, to a lesser extent, proteins. Aside from pH and ion concentration, 

temperature is also an important factor in acid-induced milk gelation casein dissociation and 

aggregation, and these aspects of gelation are similar for set-type fermented milks as well as stirred 

products. The former ferments milk in a retail container, whereas stirred products ferment milk in 

large fermenting vessels (Be'al C & Helinck, 2014). 

For fermented milks, a high concentration of starter cultures and their enzymes can be 

maintained solely by freezing and other various handling in order to prevent their metabolic 

activity from ramping up (Be'al C & Helinck, 2014). At 4.6 pH, one- or two-phase cooling can be 

used to get the temperature of the product down to 5°C. When making fermented milk products 

with fruit flavoring, a lower temperature of 20 to 25°C is sometimes used before adding the fruit 

and packing, and the product is then refrigerated to 10°C in the cold store (Tamime & Robinson, 

1999; Tamime et al., 2001). This study focused on a single crucial processing step: the 

standardization of milk components, specifically the content of SNF (solid non-fat). Fermented 

milk processing used acid casein, stabilizers and value-added ingredients such as starch. 

2.2.2 Standardization of SNF (Solid Non-Fat) Content 

As long as the cows are provided a diet that is adequate in roughage and balanced in other 

nutrients, the milk produced by an individual cow or a group of cows of the same breed will be 

identical in composition. Fat, SNF, caloric and vitamin levels of milk from various breeds of cows 

vary (Be'al C & Helinck, 2014). Dairy cows' fat content is determined by what they eat as opposed 

to the environment they live in. Dietary changes have less of an effect on the proteins, lactose, and 

minerals that make up the solid nonfat component of milk than they do on the fat content. SNF 

oscillations are primarily caused by variations in milk protein and lactose content. Eating more 

protein than is advised by dietary standards does not affect milk protein content, according to this 
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study. As an alternative, feeding more energy to cows who produce a lot of milk may lead to a 0.2 

% rise in SNF (Guinee et al., 2006). Commercially, milk fat and solids-not-fat are two of the most 

essential characteristics (SNF). Lactose and minerals are the primary constituents of SNF. Serum 

solids are another name for these compounds (Be'al C & Helinck, 2014). Many countries use these 

two characteristics to determine how much milk producers should be compensated. Milk's total 

solids (TS) is the total quantity of SNF and fat (TS). Depending on the source, it might be anywhere 

from 12 to 16 %. The TS of cow's milk is 12 % (3.5 % Fat and 8.5 % SNF), while the TS for 

buffalo milk is 15 to 16 % (6-7 % Fat and 9 % SNF) (Guinee et al., 2006). 

There are many different types of liquid milk on the market. It is usual practice to adjust the 

composition in order to meet the demands of the processor when the milk available differs from 

the milk to be marketed. If the milk is to be transformed into a specific product, compositional 

modification is necessary (Be'al C & Helinck, 2014). The product must fulfill all applicable 

regulations as well as the manufacturer's quality requirements. Incorrect milk compositional 

manipulation might result in a low-quality product that does not fulfill regulatory standards or 

could cost the processor money. Because of this, the process of adjusting the milk's composition 

to a predetermined value is known as "standardization" (Francolino et al., 2010). When 

standardizing market milk, the compositional components fat (F) and saturated fatty acids (SNF) 

are the most routinely tested. Protein composition can be adjusted to meet the needs of a particular 

product. A certain element (usually fat) has to be reduced or increased in order to meet the specified 

criteria. Be'al C and Helinck (2014) For example, fat or SNF are often standardized to a specific 

value, such as a specified percentage of milk fat. Cream or skim milk can be added if the milk's 

fat content has to be raised, or if the milk currently contains an excessive quantity of fat, a lower 

fat or fat-free component can be added. Reducing the fat content of the milk by separating off a 

set amount of cream with a specified fat percentage can also assist (Francolino et al., 2010). 

The Pearson's square technique can be used to determine the amount of cream or skim milk to 

be added to milk, or the amount of cream or skim milk to be separated from it (Be'al C & Helinck, 

2014). Drawing an arbitrary square (or rectangle) with the fat content values for both commodities 

to be combined on one side and desired fat percentages for each commodity on the other is all that 

is needed. After subtracting the smaller number diagonally from the bigger value, the difference is 

noted on the right-hand side's proportionately opposite corners. Simply add the two new numbers 

in the right corner to obtain a third value. The three numbers on the right reflect the ratios or 
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proportions of the specified materials to be mixed (top right figure for quantity of product to top 

left, bottom right figure for product to bottom left, and the total for the final product) (Francolino 

et al., 2010). 

When milk must be standardized for both fat and SNF, the amount of skim milk or cream to 

be added is calculated using the fat-to-SNF ratio and the total solids (TS) content. If the goal fat-

to-SNF ratio is larger than the existing ratio in the available milk, skim milk will be required (Be'al 

C & Helinck, 2014). A creamer can be used instead of milk when the required milk-to-cream ratio 

is less. It is therefore essential to know the fat and SNF level of the standardized milk, in addition 

to any cream or skim milk that may have been added (Guinee et al., 2006). 

In addition to water, milk is made up of fat and cholesterol, as well as phospholipids, proteins, 

casein, and whey protein. A few enzymes, lactoperoxidase, lysozyme, alkaline phosphatase, and 

pigments make up the rest of the mixture (Be'al C & Helinck, 2014). Water, the solvent, dissolves 

or suspends all the other components of milk (total solids). Water content in milk varies widely 

across different breeds of cow, ranging from 83.18 % to 87.2 % on average. Commercial milk is 

available in a range of 83.18 to 86.50 % fat content. With a tiny quantity of milk's water, the lactose 

and salt are hydrated, while the remainder is linked to proteins (Kechagias, 2011). 

Dairy goods containing milk fat, on the other hand, benefit from milk fat's bland flavor, which 

adds richness and smoothness to the product. Liquid fat emulsions in milk plasma emerge as a 

tiny, spherical emulsion in freshly created milk. Milk fat content can vary widely. The fat globules 

in buffalo milk are typically bigger (4.15 to 4.60 m) than those in cow milk (3.36 to 4.15 m). The 

fat globules are held together by a 5-10 m thick membrane resembling the plasma membrane. Be'al 

C and Helinck (2014) define the membrane is composed of proteins, lipids, phospholipids, 

cerebrosides, nucleic acids, enzymes and bound water. When milk is handled or processed, 

physical abrasion can cause fat to separate from the milk and become free oil. Lipase-inducing 

enzymes, such as those found in milk, are likewise protected by this ingredient. Be'al C and 

Helinck (2014) found that fat globules are linked to enzymes such as alkaline phosphatase and the 

oxidation of essential minerals like iron and copper. 

Triglycerides of fatty acids, which make up 95 to 99 % of milk fat, are the most common kind 

of fat present in cow milk. Di-glycerides make up the remaining milk fat (around 1.26-1.59 % in 

cow milk and 4.1 % in buffalo milk) and mono-glycerides (about 0.016-0.038 % in cow milk and 

0.7 % in buffalo milk). It is estimated that 42.5 % of buffalo milk is composed of high molecular 
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weight triglycerides, 17.1 % is comprised of medium molecular weight triglycerides, and 40.5 % 

is comprised of low molecular weight. Cow milk fat content ranges from 52.9 % to 18.9 % to 28.2 

% (Kechagias, 2011). The free fatty acid content of buffalo milk fat is lower (0.22%) than that of 

cow milk fat (0.33%). The beneficial benefits of milk fat are attributed to its fatty acid composition. 

There are 65 % saturated fatty acids, 32 % monounsaturated fatty acids and 3 % polyunsaturated 

fatty acids in milk. 7 % of the fatty acids are short chain (C4-C8), 15% to 20% of the fatty acids 

in the medium chain are medium chain fatty acids (C10-C14), and about 73% to 78% of the fats 

are long chain fats (C10-C14) (C16 or higher). Species, breed, lactation stage, and time of year all 

influence the quantity of cholesterol in milk. Western cow strains have the highest amounts of 

cholesterol of any cattle breed (317-413 mg/100 g fat), followed by zebu (desi) cows (303-385 

mg/100 g fat). At the very bottom of the scale, Buffalo may be located (235-248 mg/100 g fat). 

The level of cholesterol in the mother's milk grows gradually and reaches a maximum near the 

conclusion of the nursing phase. There are a lot of total phospholipids in milk; 33.71 mg per 100 

mL (Kechagias, 2011). 

With whey proteins accounting for only 20 % of total milk protein composition, casein is by 

far the most prevalent milk protein. Numerous proteins have been found in these fractions and 

their diversity has been demonstrated. Milk proteins, known as caseins, have a unique structure 

and a variety of physical, biological, and dietary properties. Calcium phosphate and casein 

molecules make up milk's casein micelles. Casein is only soluble in water in a tiny percentage of 

the population (Patton, 2017). Because of its high heat tolerance, casein is an excellent source of 

protein. Because of their open and expanded condition at higher temperatures (increase in water 

entropy), casein molecules have little or no effect from heat. A hydrolytic rupture in the peptide-

phosphate bonds may occur if milk is heated to a high temperature for an extended period of time. 

This may weaken the complex and speed up the coagulation process. Lactose aldehyde and casein 

amino groups combine at high temperatures, resulting in dark colours (Maillard reaction). Heat-

dried goods become brown after being kept because of this (Patton, 2017). 

The lactoglobulins and lactalbumins found in whey proteins, as well as bovine serum albumin 

and immunoglobulins (mainly IgM, IgG1 and IgG2), glycoprotein, lactoferrin, proteose-peptone, 

serum transferrin, and enzymes. There is a wide spectrum of whey proteins in cow milk; 0.50 to 

0.53 %. Proteose-peptone levels in cow's milk are typically about 240mg/100ml. Lactoglobulin, 

the most common whey protein in cow milk, is the most commonly detected. A molecular weight 
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of lactoglobulin found in cow milk is 37,600 daltons. Milk protein lactalbumin has a molecular 

mass of 14,176 daltons (Patton, 2017). Antibodies called immunoglobulins (Ig) are formed when 

a particular antigen in milk is activated. Non-specific humoral responses to Gram-negative enteric 

and respiratory infections are provided by these. IgA, IgD, IgE, IgG, and IgM immunoglobulins 

fall into the five groups. All Igs share the same basic structure. These (53,000 daltons) two similar 

light chains make up the structure (23,000 daltons) and two hefty chains that are exactly the same 

(Patton, 2017). Buffalo and cow milk contains a high concentration of IgG, which accounts for 

around 90% of the total colostral immunoglobulins in these species. Zebu cattle's immunoglobulin 

levels often peak shortly after calving to 40.1 g/ml, then declines to 0.45 g/ml after a period of 

eight days. Since lactoferrin is able to hold free ionic iron, it inhibits Gram-negative 

enteropathogenic bacteria from proliferating. Lactoferrin is an abundant glycoprotein found in 

milk. Lactoferrin has also been linked to a nutritional role in iron metabolism, in addition to its 

antibacterial properties. Lactoferrin levels in cow's milk typically vary from 0.15 to 0.32 mg/mL 

on average. Cow milk has an average amount of Proteose-Peptone; 240 mg/100 ml (Patton, 2017). 

Milk's principal carbohydrate is lactose, sometimes known as milk sugar. It's a one-carbon 

disaccharide; D-glucose residue and one D-galactose residue each. Typically, buffalo milk has a 

lactose content between 4.7 and 5.0 %, while lactose levels in cow's milk are typically in the range 

between 4.5 and 4.8 %. When milk is condensed, lactose crystallization is essential for the end 

product's smoothness (Kechagias, 2011). Just 16 to 33 % of sucrose's sweetening power is 

provided by lactose. As icings and other fillings, its use can aid in the improvement of food 

composition. In baked goods, the golden-brown material that forms on top of the crust is generally 

known as brown sugar since it is a reducing sugar. Lactose has an impact on baked items' flavor, 

texture, appearance, shelf life, and toasting properties. Lactose has long been utilized in the 

pharmaceutical sector to make tablets and pills. In the case of heated milk products, lactose is 

broken down, resulting in lactose. As a result, Bifidobacterium bifidum, an essential component 

of a healthy gastrointestinal microbiota, grows more readily (Kechagias, 2011). 

Normal milk has a mineral content of around 0.70% ash, or about 0.90% salt. Breed, diet, 

season, lactation stage, and illness all affect milk salt and ash levels. In order to evaluate the 

mineral content of milk, the white residue that remains after burning a particular weight of milk is 

used. The physicochemical equilibrium is dependent on the milk's mineral makeup (Patton, 2017). 

It's possible to find milk minerals in several forms, including colloidal and soluble as well as ionic 
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and non-ionic. A wide range of milk-related processes are affected by minerals, such as heat 

stability and alcohol coagulation, product preparation quality and storage stability, such as 

concentrated/heat desiccated milk products, clumping of fat globules during cream 

homogenization, and the calcium content of milk influences the firmness of curd during paneer 

and chhana making (Zamberlin et al., 2012). As a result of ultrafiltration, reverse osmosis, and 

electrodialysis, which are all methods used to purify milk and whey, salt, potassium, and chloride 

are present in high concentrations (up to 96% in solution and ionic form). Calcium and phosphorus 

are found in cow's milk (0.12 % and 0.09 % respectively). The calcium/phosphorus ratio of this 

milk is 1.96 (Zamberlin et al., 2012). 

Enzymes in milk come in all shapes and sizes. The milk of cows contains more than 20 

enzymes. Several enzymes found in milk are used in quality control and testing. Alkaline 

phosphatase, lipoprotein lipase, lactoperoxidase, and lysozyme are just a few of the key enzymes 

involved in the process of breaking down food in the body. Increasingly popular is alkaline 

phosphatase enzyme due to its relationship with pasteurization temperature and the inactivation 

temperature of milk (Patton, 2017). Cream contains a larger quantity of alkaline phosphates than 

other portions of milk. While residual lipase activity tends to reduce the shelf life of processed 

milk and milk products, residual proteolytic activity tends to increase the shelf life of processed 

milk and milk products. Lactoperoxidase (LP) is a naturally occurring milk enzyme (Kechagias, 

2011). In the presence of hydrogen peroxide and thiocyanate, it performs an antibacterial action 

that is all its own. These chemicals can be found in variable concentrations in different types of 

milk. The LP-system, which uses this enzyme to keep raw milk fresh under ambient settings, has 

expanded the enzyme's significance. There is a wide range of lactoperoxide activity in cow milk; 

4.4 to 7.2 units/ml. To activate LPs, add 10 PPM (parts per million) of thiocyanate (preferably in 

powder form) to raw milk. Increases the total concentration of thiocyanate; 15 PPM from a natural 

level of 5 PPM. 8.5 PPM of hydrogen peroxide (granulated sodium carbonate peroxyhydrate) is 

added to the solution after carefully mixing it for 30 seconds (Kechagias, 2011). Under tropical 

conditions, activating the LPs has a bacteriostatic effect on raw milk, allowing it to last 7 to 8 hours 

longer on the shelf. Producer groups will see a considerable increase in their income as a result of 

this since milk may be delivered from the collection location to the processing facility without 

losing quality (Patton, 2017). The lysozyme is a single-chain peptide-containing protein of very 

low molecular weight; 13 g/100 ml in cow milk. The role of lysozyme in milk's natural defense 
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against pathogens has received a lot of attention. Lysozyme levels in milk tend to rise significantly 

during mastitis, ranging from 100 to 200 g/100 ml (Patton, 2017). 

Carotene, a pigment derived from feed, is the most common kind found in cow's milk. It gives 

the milk of cows a light golden hue. bile pigments can also be found in milk. Biliverdin is by far 

the most common. Its content in milk is 50.4 mg per ml (Patton, 2017). It adheres to casein 

proteins. Biliverdin is separated from casein during the souring process and is chemically 

transformed into bilirubin, a fat-soluble yellow pigment. A greenish yellow hue develops in the 

butter fat after two hours of processing sour cow milk butter. This is because there are two non-

carotenoids that exist. While blue is included in a small amount of the paint, it is the most common 

color (Kechagias, 2011). 

Lactose, protein, and minerals make up milk's SNF (Solid Non-Fat) components (Patton, 

2017). While the SNF content in milk ranges from 11 to 14 % of the total weight of the milk, it 

ranges from 9 to 16 % in yoghurt. In order to get the desired coagulum qualities, the SNF content 

of milk used to make yogurt is altered (Patton, 2017). When making yoghurt and other fermented 

milk products, it is possible to use native milk components. Skimmed milk powder, whey protein 

concentrates or casein powder are commonly used to boost the milk mixture's SNF concentration 

and, therefore, the yogurt's hardness and cohesiveness (Walstra et al., 2006). The stiffness and 

resistance to syneresis of yoghurt gels improves as the protein content increases (Schkoda et al. 

2001). 

According to Dave and Shah (1998) and Bhullar et al. (2002), whey protein concentrates 

(WPC) increase yoghurt's hardness and viscosity, but whey powder (WP) does not appear to be 

enough to alter its quality profile. Puvanenthiran et al. (2002) investigated the effects of replacing 

skim milk powder (SMP) with WPC in various ratios and found that boosting the whey to casein 

ratio was related with increased fermentation length, gelation pH, and hardness; nevertheless, the 

syneresis defect was reduced. Guzman-Gonzalez et al. (1999, 2000) studied a variety of protein 

additives; SMP, WPC, caseinates, and dairy blends were all tested, and caseinates demonstrated 

to be the most effective at firmness and syneresis prevention, whereas WPC failed to enhance 

texture while preventing wheying loss. Adding 2% protein concentrates to yoghurt is generally 

thought to enhance the texture (Tamime & Robinson, 2007). Researchers used raw cow milk 

casein to enhance fermented milk (yoghurt). 
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Aside from meat and fish, milk proteins are the oldest and most extensively consumed dietary 

proteins. As far as nutrition and technology are concerned, these substances are causing quite a 

stir. In dairy products like cheese and fermented milk, casein proteins are a form of protein that 

may be discovered. Dairy products, as well as cosmetics, paints, and adhesives, all benefit from 

the usage of these nitrogen compounds. The casein content of milk is calculated by subtracting the 

non-casein nitrogen (NCN) generated from the total nitrogen (Ntot) according to the method 

outlined in this study (Venkatachalam, 2017). 

All ruminants, including cows, sheep, goats, and camels, have long been recognized for their 

nutritional and technical worth (Bender, 2016; Chilliard & Ferlay, 2004; Nikkhah 2011; 

Sindayikengera & Xia, 2006). In addition to its significant nutritional content, milk is a complex 

food that has a complicated chemical makeup (German & Dillard, 2006; Palego et al., 2016; 

Pereira, 2014; Rafiq et al., 2016). Milk proteins are the primary source of bioactive peptides; 

however, milk protein hydrolysates and dairy products also include a rising number of bioactive 

peptides (Marcone et al., 2017; Nagpal et al., 2011; Nongonierma & FitzGerald, 2016). Because 

milk proteins have a higher concentration of important amino acids and are easier to digest, they 

offer a higher nutritional value than other proteins (Barowska et al., 2011; Hambraeus, 1992; 

Smithers et al., 2010). For newborn humans and animals, protein is vital because it provides a 

considerable amount of nitrogen and critical amino acids (Picciano, 2001; Torun et al., 1981). Milk 

proteins have a higher nutritional value than other proteins because they contain a higher 

proportion of important amino acids and are easier to digest (Farrell et al., 2004; Lonnerdal, 2003; 

Morsy et al., 2016; Schaafsma, 2000; Venkatachalam, 2017). 

 Caseins, ß-lactoglobulin, and α-lactalbumin are the primary components of milk's protein 

composition (Akers, 2016; Anderson et al., 2007; Emerman et al., 1977; Liu et al., 1997). 

According to Collier et al. (2009) and Yalcin (2006) breast milk is the only source of these 

substances, which are generated exclusively by the mammary gland. Milk's epithelial cells do not 

create immunoglobulin and serum albumin (Harmon et al., 1976; Hurley, 2003; Levieux & Ollier, 

1999). Absorption of both blood serum albumin and immunoglobulins (Chanteau et al., 1989; 

Deane & Cooper, 1984). There is one exception to this rule: the lymphocytes in the breast tissue 

generate a little quantity of immunoglobulin (Underdown & Schiff, 1986; Zaborsky et al., 2009). 

These cells support the mammary gland with local immunity (Brandtzaeg, 2003; Brandtzaeg, 

2010; Smith, 2004). 
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It is typical to categorize the proteins found in milk into two distinct groups, according to 

Walstra and Jenness (1984), it can be found in varying amounts in cow's milk. At 20°C and pH 

4.6, there are two types of milk proteins: separable and non-separable, according to Fox (2001). 

Casein is a separate protein from whey, which cannot be separated. About 80% of milk proteins 

are casein, a nutrient found solely in dairy products. Milk is mostly composed of caseins and whey 

proteins (Lacroix et al., 2006; Saito, 2008; Singh, 2011; Banach et al., 2016). Caseins, which make 

for about 80 % of the total milk protein in bovine, sheep and goat milk, are the primary focus of 

most study in this area (Brophy et al., 2003; Chatchatee et al., 2001; Jenness, 1979). About 2.5% 

of milk's weight is made up of casein (Dalgleish & Corredig, 2012). In terms of protein efficiency, 

casein has a 2.5 ratio. In terms of protein efficiency, casein has a 2.5:1 ratio., according to Benkert 

et al. (2009), Afzal et al. (2011), Pellegrino et al. (2013), and Sithamparapillai et al. (2015), 

Biochemical value is 77%, net protein utilization is 76, and adjusted amino acid scores are 1. 

Casein micelles, serum proteins, lactose minerals, and vitamins dissolve and float in water during 

the aqueous phase (Brans et al., 2004; Rezaei et al., 2016). 

Bovine, sheep, and goat milk all have high quantities of protein-based particles in their 

composition (Kethireddipalli et al., 2011). Phosphoproteins known as caseins and calcium 

phosphate make up the bulk of these polydisperse colloidal particles. It is a combination of 

phosphoproteins known as caseins and inorganic calcium phosphate that gives them their stability, 

as well as their hydration. Casein synthesis and integrity need the presence of colloidal calcium 

phosphate (Choi et al., 2011). The casein family is the earliest and most common kind of protein, 

according to Walstra (1999), De Kruif and Holt (2003), and it has several different subsets (mainly 

Alpha S1, Alpha S2, Beta, and Kappa), a colloidal particle known as a casein micelle holds the 

majority of them. 

Casein, the most significant component of milk protein, may be found in milk as a colloidal 

dispersion. The phosphoprotein structure is made up of micelles of casein, which is present in 

mammalian columns. Minerals and salts such as calcium, magnesium, sodium, potassium, 

inorganic phosphate, and citrate ions make up the remainder of the casein micelles: C (52.96 %), 

H (7.13 %), O (22.47 %), N (15.60 %), P (0.86 %), and S (0.8 6%) (0.78 %). Casein's core structure 

is made up of four basic parts in the following proportions: 38 % αs1-casein, 10 % αs2-casein, 36 

% β-casein, and 12 % κ-casein. According to Chandan (1997), Diamante (1991), De Kruif (2003), 

Fox (2001), Guo et al. (2003), Hallen (2008), Horne (2006), Horne (2009), Huppertz and De Kruif 
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(2008), Livney (2010), Macej et al. (2002), Metin (2005), Neha et al. (2012), Sarkuş (2006), Shima 

and Tanimoto (2015), Southward (2016), and Üçü (2005), s1-casein, s2-casein, and β-casein are 

calcium-susceptible proteins found near the heart of the sub-micelles, with κ- casein at the surface. 

The α-casein structural components include proline, less hydrophobic regions, and sections with 

higher electrical charge. The β-casein of the micelle's total surface area is occupied by a portion 

that is 90 % water-hating. Casein may be used in two fundamental ways that take use of the 

protein's properties, according to a review by Joshi et al. (2013), Southward (2016), and Southward 

and Aird (1978). Rennet and acid caseins are the two main kinds of casein. Acid caseins can be 

classified as either mineral acidified or biological acidified. Casein and caseinate products, also 

known as caseinates (potassium, calcium, sodium, etc.) and co-precipitates, are also created in 

addition to these two main production methods (casein and whey protein complexes). Depending 

on their intended use, caseins are classified as either edible or industrial, according to Joshi et al. 

(2013). 

In addition to improving protein function, casein structural alterations help clarify the role 

played by non-amino acid components in the development of the casein complex (Darewicz et al., 

1998; Petersson, 2016; Van Lancker et al., 2011). The four distinct types of casein molecules are 

αs1-, αs2-, β-, and κ-caseins, with relative numbers of 4:1:3.5:1.5, respectively. In the majority of 

studies (Anema & Li, 2003; Clare et al., 2003; Wang et al., 2013), a brief description of each 

protein's features; an impressively diverse and intricate collection of molecules, phosphoproteins 

make up the vast majority of the protein in milk (around 80%). Several types of casein's optical 

rotatory dispersion and viscosity were examined, and their configurations were found to be largely 

random. In spite of these qualities, casein micelles arise in dairy as enormous colloids known as 

spherical colloids with outstanding stability in the face of temperature, dilution and concentration. 

Numerous research has examined how various proteins combine to form the stable suspension 

present in milk. Phosphate (P) groups are found in varying concentrations in casein proteins in 

milk, according to Plank and Bian (2010). It is thus separated into portions and classed according 

to the construction of the foundation (Dalgleish, 2011). There are significant similarities among 

the casein protein complex present in milk. Ester-bound phosphates are found in every casein 

molecule. 

These are the most common forms of casein in milk protein; the proportion of one animal type 

to another, as well as the breed, might vary: S-Casein, the major milk protein, is made up of S1- 
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and S2-casein and is a molecular chaperone that prevents stress-target proteins from precipitating. 

The casein protein's stability in the presence of other milk constituents is explained in this way 

(Treweek et al., 2011). Meanwhile, the casein group member β-casein was shown to solubilize the 

previously generated protein assemble as well as inhibit substrate protein aggregation. β-casein 

has a greater level of chaperone-like activity than κ-casein group; the differential in Proline 

residues and the degree of hydrophobic surface exposure is most likely to blame for this (Zhang et 

al., 2005). To explain how (κ-casein) interacts with the other caseins, several hypotheses have been 

proposed. The presence of κ-casein in micelles is acknowledged for years as an important part of 

their stability (Looney, 2014; Srensen et al., 2011). A plastic brush is used to stabilize the micelles 

of casein in milk, made mostly of the protein κ-casein. Various physical conditions can hydrolyze 

this protein's carboxylic acid groups (pH 6). Because of the -0.1 mol ionic durability (Sarkar, 

2010). He did not have an influence on the formulation of milk because of his scant literary studies. 

A casein installation known as (y-casein) is also available (Plank & Bian, 2010). While studying 

milk casein proteins, keep in mind that the amount of phosphate (P) groups varies. It is thus 

separated into portions and classed according to the construction of the foundation (Dalgleish, 

2011). 

Milk's characteristics and the amount of casein in it have recently been improved by scientists. 

According to Grosveld et al. (2016), the functional qualities of dairy milk can be significantly 

improved utilizing a transgenic technique to modify a large volume of milk from high-producing 

dairy cows. According to Rathour (2005), skimmed milk is the primary raw material needed to 

make high-quality casein. Casein quality will be harmed by bacteria producing lactic acid from 

lactose. Before precipitation or manufacture, excessive heating of milk results in a less-than-

appetizing casein hue. In the form of a starter culture, casein is commercially produced from skim 

milk with sulfuric, hydrochloric, or lactic acid. To acidify water, mineral acids (hydrochloric - 

HCl, sulfiric - H2SO4, nitric - HNO3 acid, and so on), organic acids (citric, lactic acid, and so on), 

ion exchange, and high-pressure CO2 addition can all be utilized (De Kruif, 2003). 

Skim milk is used commercially to make lactic acid casein, according to Gupta (2008), 

Mulvihill (1992), Schuck (2013), Southward and Aird (1978), Stathopoulos (2008), Tomasula et 

al. (1997), and Yüceer et al. (2003). Pasteurized milk with a pH of 6.6 to 6.8 is pasteurized at 72°C 

for 15 seconds. Mesophilic, non-gas starter bacteria are inoculated into pasteurized milk at 22-

27°C (e.g., Streptococcus lactis 0.5 %, Streptococcus cremoris 0.5 %, Lactococcus lactis subsp. 
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cremoris 0.1-0.2 %). During the incubation phase (14-16 hours), lactic acid bacteria ferment 

lactose, lowering the pH to 4.6 and causing the casein to coagulate. Rapid incubation has a negative 

impact on product quality, speeds up proteolysis, and lowers yield. "Soft gel-coagulum" is the term 

used to characterize this clot-curd. Lactose fermentation produces diacetyl, acetone, and benzoin 

in addition to lactic acid. Due to their low concentrations, these chemicals do not pose a threat to 

human health. The lactic clot is then taken from the plate heat exchangers and cleaned and dried 

at 50-55°C with the whey removed. As the culture grows, gas-producing organisms can produce 

gas-curd, Leuconostoc spp. or Streptococcus diacetylactis bacteria are present, making it easier to 

boil, wash, and dry. Excess gas, according to Gupta (2008), Mulvihill (1992), Schuck (2013), 

Stathopoulos (2008), Southward (2016), Southward and Aird (1978), Tomasula et al. (1997), and 

Yüceer et al. (2003), has a negative impact on casein production. 

According to Fox (2009), Gupta (2008), Stathopoulos (2008), Southward (2016), and 

Southward and Aird (2016), in order to produce acid casein, mineral acidification is employed. 

Heating skim milk to 25-32°C, lowering the pH to 4.3-4.6, adding weak hydrochloric or sulfuric 

acid (0.5-1.4N), and a smooth casein clot takes around two minutes to form. Rest of the process is 

identical to that of making lactic casein. Caseinates generated in the roll-to-spray drier in an 

alkaline atmosphere are water-soluble, but acid caseins are not. They include ultrafiltration, 

cryoprecipitation (with ethanol), cryopreservation and high-speed centrifugation, among others. 

Acid casein variations have a low ash content of 2%, whereas rennet casein varieties have a high 

ash content of 8.8% (Fox 2009; Stathopoulos 2008; Tomasula et al., 1997). Mixing rennet with 

skim milk and coagulating it at 30°C produces rennet casein. Cheese is made by making a gel from 

casein micelles. Whey is removed, washed with water, dried, and crushed. Rennet totally 

transforms casein into rennet casein when it is used. The consequence is a distinct difference 

between casein made using rennet or acid and casein made in other ways. Using a pH of 6.6 and a 

temperature of 72°C, skim milk is pasteurized for 15 seconds to yield lactic acid casein. Starting 

germs are added to pasteurized milk at a temperature between 22 and 27°C (e.g., Streptococcus 

lactis 0.5 %, Streptococcus cremoris 0.5 %, Lactococcus lactis subsp. cremoris 0.1-0.2 %) (Fox 

2009; Stathopoulos 2008). During the incubation phase (14-16 hours), lactic acid bacteria ferment 

lactose, lowering the pH to 4.6 and causing casein to coagulate. In acid casein synthesis, skim milk 

is heated to 25 to 32°C and the pH is lowered to 4.3 to 4.6 by adding mild hydrochloric or sulfuric 

acid (0.5 to 1.4N). Rest of the process is identical to that of making lactic casein. Caseinates 
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generated in the roll-to-spray drier in an alkaline atmosphere are water-soluble, but acid caseins 

are not. Caseinates are made by adding sodium hydroxide (NaOH), potassium hydroxide (KOH), 

or calcium hydroxide (Ca(OH)2) to an acid casein coagulant (Fox 2009; Stathopoulos 2008). 

Table 1: Comparison of casein compositions 

Compound Acid casein Rennet casein Sodium Calcium 

Protein, % 96.4 90.2 95.0 94.8 

Ash, % 2.0 8.8 3.7 4.0 

Lactose, % 0.1 0.1 0.1 0.1 

Fat, % 1.5 0.9 1.1 1.1 

Calcium, % - 3.0 0.1 1.3-1.6 

pH 4.9 7.5 6.5-6.9 6.5-6.9 

*All values were corrected on the basis of dry matter.  

According to Abdullah and Gürkan, work by Abu et al. (2007), Cabot (2016), De Kruif 

(2003), Monaci et al. (2006), Neha et al. (2012), Purevsuren and Davaajav (2001), Schuck 

(2013), Stathopoulos (2008), Yüceer et al. (2003), Üçüncü (2008), and Zegota and Malolepszy 

(2008), casein and caseinates were shown to have a role and to be used in the body. You may 

find them in a variety of products from food to furniture to textiles to inks to paint to cement to 

photography. Since they're a milk byproduct, there are many different varieties to choose from 

as well. Caseins are widely used in the food industry. Casein may enhance the texture, viscosity, 

and foaming properties of dairy products. Caseins are found in a wide variety of foods, including 

baked goods, spaghetti, sauces, pancakes, cakes, yogurt, cheeses, imitation cheeses, energy 

drinks, snack jackets, bars, cereals, breads, and meats. As a nutritional and dietary supplement, 

calcium caseinate is added to fast sausage soups, coffee creams, and milk beverages. In addition 

to pharmaceuticals, health care products, and pet food, this chemical is used in label adhesives 

and paper coating. The pharmaceutical industry uses nano-gel casein particles to covalently link 

vitamins and minerals to networks. 

The utilization of casein and caseinate derivatives (such as Na-caseinate) as edible film 

coatings and food coating materials is being studied (Cho et al., 2002; Fabra et al., 2008; 

Gaygadzhiev et al., 2012; Longares et al., 2005; Purevsuren and Davaajav 2001; Schou et al., 

2005). The number of necessary amino acids in a protein determines its nutritional value. Eight 
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amino acids are necessary for an adult male's diet. Among the necessary amino acids are 

isoleucine, lysine, phenylalanine, threonine, tryptophan, and valine; infants also need histidine. 

Casein contains an appropriate amount of all necessary amino acids, with the probable exception 

of the sulfur-containing amino acids methionine and cysteine, when compared to an ideal 

reference protein composition published by FAO, according to Southward (2016). 

A food ingredient called a stabilizer is needed in order to produce food. Dispersions of two or 

more immiscible ingredients are used to improve the texture of the dish. Using food goods results 

in a well-defined framework with consistent physicochemical properties (Baer et al., 1997). In 

addition to their primary functions of stabilizing and improving texture, they also serve as 

nanostructures for regulating, preserving, and enhancing the food's original color and flavor (El 

Sayed et al., 2002; Fiszman & Salvador, 1999). It is permitted to employ stabilizers in a wide range 

of food items, such as baked goods and drinks as well as margarine, shortenings, and milk products 

(Dickinson, 1988, 1992, 2003). Most typically, stabilizers are used to increase the viscosity and 

creaminess of products while also thickening the mouthfeel and stabilizing the structural integrity 

of those products (Harris, 1990). It was possible to produce low-calorie goods since their presence 

in food items decreased need for eggs and fat (Keogh & O'Kennedy, 1998). The product's shelf 

life is further extended thanks to the water binding process (Keogh & O'Kennedy, 1998). There 

are several aspects that go into the selection of stabilizers for food products, such as the stabilizer's 

functional capabilities, intended use and outcome, interactions with other components, as well as 

legal difficulties (Early, 1998; Harris, 1990; Imeson, 1997; Phillips & Williams, 2000). 

This class of antimicrobial stabilisers is used to extend the shelf life of food products in retail 

stores. Alginic acid (C6H8O6) is employed in the production of ice cream, syrup, and other dessert 

toppings derived from brown algae (David et al., 2005). In dairy products, carrageenan is an 

anionic hydrocolloid that serves as an adsorbing polysaccharide (Hansen, 1993). As a thickener, 

agar, made from red alga, is widely used in the food business (Livney & Hartel, 1997). It thickens 

and stabilizes acidic foods like yoghurt because of its high viscosity colloidal dispersion 

characteristic (Lal et al., 2006). 

In dairy products, CMC (carboxymethylcellulose) is a polysaccharide hydrocolloid that is 

commonly used and is made up of β-(1,4) glucose polymers (Imeson, 1997). Natural stabilizer 

gelatin is derived from pigskin, cow hide, or cattle bones and is a collagen-based product 

(C102H151039N31) (Collins et al., 1991; Harris, 1990; Lee et al., 1990). For yoghurt rheology 
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gelling and thickening, it is the best gelling/thickening chemical available (Lal et al., 2006). The 

use of stabilizers in food has been around for a long time. As a result of their helpful features, 

stabilizers are now found in a wide range of dairy products and conventional meals. Food emulsion 

kinetic stability must be improved in order to extend shelf life while retaining acceptable quality 

and, as a result, the food's physical attributes must be preserved (Dickinson, 2009). 

Hydrophilic compounds that disperse in solution as colloids are called hydrocolloid stabilizers, 

which includes gelling, thickening, and binding agents (Lindsay, 1985). Both plants and animals 

may produce these chemicals. They are generally branched long-chain molecules that can form a 

network with other molecules in the emulsion or suspension or even with other molecules outside 

of it (Kessler, 1981). During production, they reduce whey separation from the yoghurt, which is 

common, and increase viscosity, texture, creaminess, and mouth feel. After incubation, lactic acid 

gels can be stabilized by adding stabilizers to cold milk before pasteurization, warm milk during 

pasteurization, and hot milks immediately after pasteurization, as well (Rasic & Kurmann, 1978). 

To prevent protein precipitation, cold-soluble and heat-stable substances must be introduced to 

milk before pasteurization. It is possible to incorporate hydrocolloids like pectin only after they 

have been fermented. 

It is common practice to employ food hydrocolloids such as starches in the food business to 

provide a variety of functions (Lucey, 2002; Mistry & Hassan, 1992). However, they are able to 

control the amount of flavor and scent that is released (Nikoofar et al., 2013). A stabilizer is needed 

in the production of dairy goods like yoghurt to ensure that the product retains its texture and 

flavor, as well as to prevent or reduce wheezing during storage and shipping. There are both 

synthetic (carboxymethyl cellulose) and natural stabilizers available. A plant-based stabilizer like 

maize starch is the cheapest because it is made up of common ingredients. In the creation of 

yoghurt, cornstarch and gelatin served as crucial stabilizers for the product. 

Plants, such as corn starch, are the least expensive and most extensively used source of 

stabilizers. Animals, on the other hand, are the source of stabilizers like carboxymethylcellulose, 

which is produced. Water-soluble sodium carboxymethylcellulose, sometimes called CMC or 

cellulose gum, is a synthesized form of the lignin ether cellulose (Du et al., 2007). Cold and hot 

water are both suitable for dissolving food-grade CMC, which can have viscosities of 10 to 50, 

000 cps or more in a 2 % solution, with a reversible drop in viscosity when heated. Under addition, 

it is pH-stable in a wide variety of conditions. (3-10) (Trudso, 1991). If you are looking for an 
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ingredient that's almost taste-free as well as smell-free, gelatin is your best bet. Animal collagen, 

such as that from farmed bovines, is partly hydrolyzed to create this product (Ares et al., 2007). 

Even though it has a higher percentage of protein, it is less nutritious than other protein sources. 

Foods may be stabilized by altering their physical characteristics with the help of gelatin's 

protective hydrocolloid capabilities. During the pasteurization process, gelatin is added to the milk, 

either before or after the milk has been held. It was found that the milk fermentation had no 

stabilizers in it, whereas yoghurt samples included stabilizers but also had added other substances. 

IDF's stabilizer concentration recommendations were followed (Table 2). 

Table 2: Stabilizers recommended for fermented milks 

Type of stabilizers Concentration % 

Special starch 1.2 – 2.0 

Gelatin 0.2 – 0.4 

Agar agar 0.8 – 1.2 

Guar gum 0.3 – 0.5 

Pectin 0.05 – 0.2 

Source: Bulletin of IDF (1988, N0. 227) 

According to Agama-Acevedo et al. (2019) and Magallanes-Cruz et al. (2017), starch is one 

of three polysaccharides found in nature, along with cellulose and chitin, and is commonly utilized 

in meals like bread, pasta, tortillas, and snacks, where starch offers the physicochemical, 

functional, and digestible qualities. Grains from different botanical sources have different 

functions and digestion depending on their shape, size and surface texture (smooth or rough) 

(Magallanes-Cruz et al., 2017). Gallant et al. (1997) characterizes starch as semi-crystalline, with 

an amorphous lamella that contains branching amylopectin and amylose and an amyloid lamella 

that contains short chains of amylopectin that form double-helices. Wheat (8%), potatoes (5%), 

and cassava (2%) are the next most prevalent sources of starch in the globe (5%) (Angellier et al., 

2004). Although wheat starch is manufactured on a small-scale in the United States and Canada, 

it may be used as a by-product in the production of wheat gluten in the United States and Canada 

(Knight & Olson, 1984). 

It is the principal carbohydrate of exceptional plants and is contained in seeds, roots and tubers 

as well as unripe fruits, stems and leaves. There are two ways to look at starch: (1) Botanical 

sources are used to produce it, and it is then processed chemically, physically, and enzymeically 
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to enhance its functionality; and (2) Foods like bread, pasta, tortillas, and snacks are made from 

starchy raw materials, which give the physicochemical, functional, and digestible features of 

starch. Grain synthesis occurs in the hilum of the granule, and grows by a process of apposition, 

resulting in granules. Amylopectin (branching) and amylose are two macromolecules involved in 

the production of starch (essentially linear). Both macromolecules are involved in the processing 

and heating of starch. Stable, semi-crystalline, and dense (1.5 g/cm3), the starch grains are 

packaged in this manner. They all play an important role in the way starch granules from diverse 

plant sources are digested and absorbed by the body. At room temperature, starch granules are 

insoluble in water because of their solid and structured semi-crystalline structure (Jane & 

McPherson, 1997). Pasting profiles and thermal investigations can be used to identify granule 

expansion, amylose lixiviation, and amylopectin disarray when native starch is heated (for 

example, by cooking) (Biliaderis, 1991). 

Starch contains amylopectin and amylose, two glucose polymers. Molecules composed 

comprised of chains of amylopectin are extremely branched (1 to 4-linked-D-glucosyl units 

connected by (1 to 6) links. In Amylose, the glucosylunits are connected in groups of four, and the 

structure is usually linear. Amylose may only have 10 branches at a time (BeMiller & Whistler, 

2009). Amylose and amylopectin are split into amorphous and crystalline regions in a semi-

crystalline structure. Starch granules contain linear portions of the amylopectin chains, which 

produce discrete patterns of X-ray diffraction. These patterns, which suggest a periodicity of 

approximately 9 to 10 nm within the granular structure, have been used to distinguish starches 

from a variety of different botanical origins. X-ray patterns have been linked to starch digestibility 

because starches with a B-type diffraction pattern include more refractory (ungelatinized) starch 

and those with an A-type pattern contain more slowly digested (slowly digestible) starch (Zhang 

et al., 2006). 

Long before the granule-size distribution was deemed a key property to explain starch's 

activity, it was thought that starch granule shape and size were significant factors. Pasting was 

more difficult for large starch granules than for little starch granules, since the larger the starch 

particle, the easier it was to break during the pasting process. These physicochemical and 

functional properties of starch were correlated to the amylose/amylopectin ratio because starch 

granules with high amylose content showed high retrogradation and absorbed limited water 

content while starch granules with high amylopectin content (waxy starches) showed high peak 
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viscosity and low retrogradation susceptibility. High-performance size exclusion chromatography 

(HPSEC) and high-performance anion-exchange chromatography (HPACE) with a pulse 

amperometric detector, as well as studies of starch structure utilizing debranching enzymes were 

all made possible by advances in analytical equipment. Starch's functional and physicochemical 

qualities are influenced by its chain-length distribution. HPSEC, multiangle laser light scattering, 

and a refractive index detector were recently used to estimate the molecular weights and 

hydrodynamic radii of starch components, as well as an asymmetric field-flow fractionation (AF4) 

device (Chiaramonte et al., 2012). In starch structural study, they recognized the importance of the 

solubilization technique, and they found the method previously stated to be extremely dependable 

(Bello-Perez et al., 1998). 

In starches with different amylose/amylopectin ratios, the molecular weight of amylose ranged 

from 2.2×105 to 4.1×105g/mol in samples with 75 % and 25 % amylose, respectively, while the 

weight of amylopectin ranged from 4.1×108 to 1.1×108g/mol in samples with 75 % and 25 % 

amylopectin, respectively. The gyration radius of the samples containing 75 and 25 % 

amylopectin, respectively, was 316 and 145 nm. Waxy maize starch had a molecular weight of 

2.2×108g/mol and a gyration radius of 229 nm after a similar solubilization procedure and the same 

fitting model (Berry second order), and starch with 75 % amylose had a molecular weight of 

2.4×107g/mol and a gyration radius of 177 nm after a similar solubilization procedure and the same 

fitting model (Bello-Perez et al., 1998). Structure-function and structure-digestibility correlations 

are significant when modifying or changing the starch structure to achieve a given functionality or 

digestibility, despite the fact that structural studies of starch using various approaches were 

undertaken 25 years ago. 

The "cluster" model of mylopectin structure was created as a consequence of structural studies, 

which was published by Nikuni in 1978 and French in 1972; later, improved models were 

published by Robin et al. (1974), and Manners and Matheson (1981). Hizukuri (1986) proposed a 

polymodal model that could be compared to a more advanced "cluster" model. Bertoft et al. (1999) 

proposed a building block idea, wherein the blocks are regarded the backbone model's basic unit 

Currently, the backbone notion is being contested, and it will be difficult to incorporate it into the 

starch granule biosynthetic process (Bertoft, 2013). 

Carbohydrate source, extender, processing aid, thickening and texture modifier, starch is 

widely employed in the food industry in its original and modified forms (Ares et al., 2007). This 
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may be done by using either plant seeds (like maize or wheat) or roots or tubers to produce starch 

(such as cassava and potato). Matoke and bulla flours were utilized as thickeners in this 

investigation. Matoke flour is a green banana powder that has been used for a long time. Widely 

used in gluten-free baking in place of regular wheat flour (Ovando-Martinez et al., 2009) or paleo 

and primal diets, as well as certain nutritional research, support the use of resistant starch as a 

source of energy (Langkilde, 2002). Cooked, the flour takes on an earthy flavor and texture 

comparable to lighter wheat flours. It also has around 25% less volume than white or white whole-

wheat flour since it is made using green bananas, which gives it a subtle banana flavor when eaten 

raw. Bulla, on the other hand, is manufactured in Ethiopia from the Enset plant is a starchy white 

powder. The stem and leaf sheaths of the plant are scraped into a pulp and used to manufacture it. 

A white powder is made by extracting the juice from the pulp and then evaporating it. Unlike other 

powders, this one may be kept permanently. Dumplings, porridge, pancakes, and the like may all 

be made with it once it has been rehydrated with water. Genfo, a milk-and-honey-based hot drink, 

is another common use. A flatbread called Kotcho is also available as an accompaniment to Kitfo 

(Ethiopian style steak tartar). 

Prior to heat treatment and acidification/fermentation, adding starch to milk has an effect on 

the gel characteristics, according to Decourcelle et al. (2004), Keogh and O'Kennedy (1998), and 

Wang et al. (2007). The thickening and gelling effects of the modification are included in the 

change. In the food sector, starch is the most commonly utilized component for these reasons 

(Basim et al., 2004). Improved mouthfeel and a reduction in syneresis can be achieved by using 

this ingredient. A rise in viscosity occurs when starch granules absorb water, resulting in an 

increase in their volume (Ares et al., 2007). In the yoghurt business, starch is the most commonly 

utilized thickening ingredient because of its ease of processing and inexpensive cost compared to 

other hydrocolloids (Foss, 2000). Granular structure disruption, swelling and hydration, and 

solubilization of starch molecules are part of the process of gelatinization. The granule contents, 

mostly amylose, are leached as the serum forms a three-dimensional network. 

All banana variants (diploid, triploid and tetraploid) originate from two wild forebears that are 

part of the Musaceae family, Musa acuminata and Musa balbisiana. Industrial attention is drawn 

to the banana because of its high starch/resistant starch content in its green stage. The pulp and 

peels are also rich sources of vitamins and minerals (Lima et al., 2000). Preserving bananas and 

their masses using flour, a result of a green banana, is an extremely frequent method of preserving 
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bananas. For babies, it is a common ingredient in formula because to its high starch content. 

Therapeutic qualities are also beneficial, particularly in situations of gastrointestinal disease 

(Martinez et al., 2009). 

It is possible to enhance the marketability of bananas by processing and storing them. In many 

regions of Eastern Africa, bananas are a staple meal, according to the World Bank (FAO, 2010). 

They contain a lot of potassium, which helps keep the body's fluid balance in check. In addition, 

they're safe for everyone from infants to the elderly, including those with HIV/AIDS. For 

commercial purposes, bananas are only presently processed in a very restricted way. Bananas can 

be eaten raw, steaming, or cooked, depending on the recipe. As a result, bananas are sold for 

pennies on the dollar when the harvest is large, and many are thrown away. Keeping chips and 

flour for up to six months before selling or using it to make value-added products increases 

profitability. 

Green bananas are rich in vitamins A, C, E, K, and B, as well as fiber and minerals such as 

magnesium, phosphorus, calcium, and potassium (Aurore et al., 2009; Kanazawa & Sakakibara, 

2000; Rayo et al., 2015). Bananas are primarily grown for human consumption. Flour, jelly, 

marmalade, jams, syrups, and wines are all made from meat. In addition to essential oils, enzymes, 

pectin, vitamins B2, C, and E as well as provitamin A and niacin, raw fruit pulp contains all of 

these nutrients (Cassettari et al., 2019). Unripe banana flour (Oyando-Martinez et al., 2009), green 

banana flour (Rayo et al., 2015), and banana pulp are all utilized in a range of products (Amini 

Khoozani, 2019). 

According to FAO statistics from 2010, banana chips and flour may be easily delivered to 

markets where bananas are not cultivated. Supermarkets, hotels, and local markets all carry them. 

To produce delicious and nutritious porridge, bakery goods, and newborn feeds, combine the flour 

with other grains, legumes, and root- or tuber-crop flours. It can also be utilized as a disaster relief 

food in the event of droughts, floods, or other natural calamities. Products created from banana 

fiber that are not edible include compost and animal feed as well as a variety of craft items 

including hats, purses and wallets. A banana is wonderful for your health, nutrition, and financial 

well-being because of this. 

Beata et al. (2019) demonstrated the use of bananas (Musa paradisiaca L.) in pasta because of 

its good physiological features and the abundance of minerals and vitamins it contains. According 

to the findings of this study, bananas are packed with nutrients, including a variety of vitamins and 
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minerals, including the vital A, C, E, K, and group B vitamins (Aurore et al., 2009; Kanazawa & 

Sakakibara, 2000; Rayo et al., 2015). They also pointed out that the bulk of bananas are consumed 

by humans. Flour, jelly, marmalade, jams, syrups, and wines are all made from meat. In addition 

to essential oils, enzymes, pectin, vitamins B2, C, and E as well as provitamin A and niacin, raw 

fruit pulp contains all of these nutrients (Cassettari et al., 2019). Despite the fact that the majority 

of bananas are eaten fresh, unripe banana flour, green banana flour, and banana pulp are all often 

found in a wide variety of items (Amini Khoozani et al., 2019; Ovando-Martinez et al., 2009; 

Rayo et al., 2015). 

The carbohydrate hydrolysis rate of pasta made with unripe banana flour is low, according to 

a study by Ovando-Martinez et al. (2009), increasing the variety of low-glycemic-index foods 

available. According to these scientists, the addition of unripe banana flour to durum wheat pasta 

enhances its antioxidant activity. Bananas, according to Alvi et al. (2013), are fruits that 

decompose quickly and change color quickly owing to factors such as sunshine and wounds are 

tropical fruits (fungus). Consequently, post-harvest care is required in the banana industry in order 

to increase shelf life and transform the commodity into an additional value-add item. In addition, 

it is now considered the most sensible solution to the problem of satisfying food requirements, 

particularly carbohydrate requirements, that dietary diversity is a realistic alternative. Families 

benefit from having access to a broad diet and the freedom to make their own food choices when 

food security is assured. As a consequence, people have more control over what they eat, which 

increases the country's overall food security. Banana chips, banana sauce, dodol bananas, and jam 

are just a few examples of the many items that are made from bananas (Rayo et al., 2015). This 

alternative offers strong potential for developing bananas as an expression of people's food menu 

diversity since it is easy, does not readily damage, can be stored for longer and has a greater value-

added. It is also easier to package and carry than bananas themselves. For product diversification, 

corporate growth, and rural agro-industry development, processing goods into a wide range of 

meals is more possible (Kurniawan, 2009). 

Beata et al. (2019) detailed the method of producing banana powder in a paper (BP). Bananas 

were peeled and sliced into 5 mm-thick rounds for the recipe. Frozen portions of the source 

material were used to create lyophilized samples, which had a moisture level of 76.6 %. Dziki et 

al. (2018) kept track of the variations in mass samples as they dried. The dried raw banana was 

crushed (with a moisture level of roughly 4 % wb). Particles smaller than 0.2 mm have been 
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accepted in flour (Rudy et al., 2015). The BP was kept in sealed polyethylene bags at room 

temperature in the dark. When compared to other sources of starch, green bananas have a higher 

concentration of amylose and starch than other fruits. Starch with a high proportion of amylose is 

more receptive to chemical modification and film formation, making it more useful in industries 

such as food, medicines, and industrial (Daisuke et al., 2014; Fazilah et al., 2011; Palviainen et 

al., 2001). It is not uncommon to see 102 million tons of bananas being harvested throughout the 

world at any given time (Chonthira et al., 2014; FAO, 2013). 

A frequent gluten-free wheat flour alternative is green banana flour (Ovando-Martinez et al., 

2009) or as a source of resistant starch, which has been advocated by paleo and primal diets, as 

well as certain nutritional research (Langkilde, 2002). The carbohydrate hydrolysis rate of pasta 

made with unripe banana flour is low, according to Ovando-Martinez et al. (2009), it might assist 

to increase the variety of low-glycemic-index meals available. Processing bananas into banana 

flour is one of the most promising techniques for introducing bananas into people's diets. Using 

this flour in a variety of processed products is more practical due to its ease of processing and 

long-term storage (Kurniawan, 2009). 

Enset (Ensete ventricosum) is called the "fake banana" because of its similarity to the banana 

plant among Ethiopian natives. Ethiopia's long-term farming strategy relies heavily on Enset, a 

drought-resistant, multi-purpose crop that has been used for decades. Even in locations with few 

other choices, it has the ability to enhance food and health security for the country. There is a lot 

of starch in Enset. According to Getahun 2020's evaluation based on a study by Kress et al. (2001). 

In the order Zingiberales, family Musaceae, and genus Ensete, Ensete ventricosum is a perennial, 

monocarpic herb, monocotyledonous crop that is herbaceous and monocarpic. Root lineages from 

the Musaceae family are found in the Zingiberales order, which is a paleotropical family. E. 

ventricosum is thought to have its origins in Southeast Asia, according to the study's authors. 

Despite this, the Ensete genus may be found in the wild across Africa and southern Asia. All of 

Africa's continents - from West to South - are home to this species (Jones, 2000). According to the 

Ethiopian government, enset has never been tamed despite its widespread distribution (Blench, 

2007). For the people who speak Semitic, Cushitic, and Omotic languages, enset cultivation as a 

food crop is limited even inside Ethiopia. 

E. ventricosum, enset, a multipurpose crop that is frequently produced in southern and 

southwestern Ethiopia, is sometimes referred to as enset. The enset-based farming technique 
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makes use of the traditional crop. In this nation, eset is both a staple and a co-staple food, according 

to Addis et al. (2008) and Magule et al. (2014), about 20 million people's food supply as a food 

crop, Eset possesses a wide range of food security attributes. In the first place, the corm may be 

picked at any time of the year and in any stage of development across multiple years. Cooking and 

eating the corm are both options, according to a study by Borrell et al. (2019), and the crop is 

regarded as a food field bank. According to Fekadu et al. (2009), enset foods can be stored for a 

long period. According to a 2002 study by Tsegaye, enset is an important Ethiopian food reserve 

that can help alleviate food shortages. According to Deckers et al. (2001), flower buds are cooked 

as vegetables in Southeast Asia, while the inflorescences are consumed as delicacies in Malawi. 

Over the years, Enset agriculture has grown in terms of both the area it covers and the output it 

produces. According to Workneh and Neela (2019), every year, almost 2 million metric tons of 

enset food are produced. When compared to other crops, it has a low rate of loss and a high rate 

of production. Kocho, according to the author, is the most popular dish made with enset (fermented 

product from the corm and pseudostem), Bulla (dried liquid from the pseudostem and grating of 

corm decortication), and Amicho (cooked and devoured the corm of immature enset plants). 

According to Forsido et al. (2013) in terms of enset nutrition, kocho is the most significant 

component. On average, one enset plant can produce 16.2 kg Kocho, or 417 tons per hectare. The 

average annual Kocho requirement of a person can be met by 16 plants weighing 289 kg (Sahle et 

al., 2018). When Bulla is needed, the parts that have been treated are pressed, and the resulting 

liquid is collected and then dried until Bulla is created (Fekadu et al., 2018). Although Bulla 

produces less than Kocho, it sells for a considerably higher price. It is possible to ingest the corms 

of some enset clones in a boiling stage known as Amicho, which is not fermented. The chemical 

makeup of enset dry matter as a complete plant, according to Mohammed et al. (2013), is 90.87 % 

organic matter and 9.13 % ash, showing that the nutritional value of enset products is dictated by 

their chemical composition. Organic matter is made up of 5.98 % crude protein, 0.84 % crude fat, 

9.48 % crude fiber, 74.57 % soluble carbohydrates, and 60.62 % starch. The pseudostem makes 

up the majority of the dry weight, whereas the leaf lamina makes up the majority of the overall dry 

weight (Nurfeta et al., 2009). 

The concentration of soluble carbohydrates (80 %) and starch (65 %) in unprocessed/raw 

pseudostem and corm is substantial, but the protein content is low (4 %). 17 of the 20 amino acids 

found in enset corm are similar to or higher than those found in potato. Protein level in Enset leaves 
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is among the highest in Ethiopia, as well as 20 % crude fiber and 10 % sugar (Mohammed et al., 

2013). Most enset portions are rich in minerals such as phosphorus, potassium, calcium, 

magnesium, iron, and manganese (Debebe et al., 2012; Forsido et al., 2013; Nurfeta et al., 2009). 

Bulla powder may be kept forever in a refrigerator or freezer. Dumplings, porridge, pancakes, 

and the like may all be made with it once it has been rehydrated with water. Milk and honey are 

often used to make Genfo, a hot drinking meal. Kotcho, a flatbread frequently served with Kitfo, 

is another option (Ethiopian style steak tartar). According to Chaka (2019) and Debebe et al. 

(2012) Bulla has greater energy (8.5 MJ/kg) than Kocho (6.5 MJ/kg). Both Kocho and Bulla are 

high in carbohydrates. Kocho has less starch (75 g/100 g) than Bulla (89 g/100 g) on a dry matter 

basis. The average daily enset meal intake is 0.55 kg, providing 68 % total energy, the highest 

known, as well as 20 % protein and 28 % iron. Total fat and protein are both lacking in both foods. 

In general, Kocho has a greater mineral nutrient content than Bulla. The corm (unprocessed) has 

greater quantities of Ca, Mg, K, Zn, and Fe than processed meals (Debebe et al., 2012). There is 

no measurable quantity of Pb, however Cd can be discovered in the unprocessed enset stem. 

According to Atlabachew and Chandravanshi (2008), these components were not found in 

processed enset products.  As a result of processing, it is possible to keep potentially dangerous 

minerals out of our food. 

In enset goods, starch is the most common ingredient, according to Tesfaye and Girma (2017), 

and has several uses in the pharmaceutical industry. There are a number of pharmaceutical 

applications for this compound right now, including tablet binder/disintegrant, pharmaceutical 

gelling, and drug loading & release strategies. According to Gebre-Mariam et al. (1996a), as the 

most extensively used ingredient in the pharmaceutical business, enset starch has a 29 % amylose 

content, granular size, X-ray diffraction pattern, and gelatinization temperature equivalent to 

potato starch. Enset starch was shown to be inferior to potato starch and superior to maize starch 

in terms of swellability, solubility, and peak viscosity. Viscosity is a physical property that 

describes a liquid's resistance to flow. A gel formulation's extrudability, spreadability, drug release, 

and other physical and chemical characteristics can be affected by this parameter (Gabriel et al., 

2013). 

The crystallinity of starch varies from mild to strong. Starch granules contain variable amounts 

of amylose and amylopectin depending on the kind of starch. Due to enzymes involved in starch 

production, starch's amylose concentration may vary between varieties (Seneviratne & Biliaderis, 
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1991). Plant species differ in their starch granule composition, and this hydrocolloid is likely to be 

the most widely utilized because of the relative proportions of its component molecules and their 

spatial arrangement and interaction. Although starch granules differ among plants, the ratio of 

component molecules, their position, and their interaction are all likely to be the most influential 

factors. Starch granules make about 15 to 45% of the crystalline form. 

Amylose is the primary component of the amorphous section of the crystallinity, while 

amylopectin is the primary component of the crystalline portion. D-glucopyranosyl units are linked 

together by an 8 (1 4) linkage, however it is widely known that certain molecules are somewhat 

branched by 8 (1 6) connections. The solution properties of amylose are often compared to those 

of a linear polymer since it is mainly linear but not completely so (Shank, 1994). Hydrogen atoms 

are the only atoms in the helix's interior. Hydrophilic hydroxyl groups can be found on the exterior 

of the molecule. According to previous research, the amylose in grains serves as an amorphous 

space filler; on the other hand, the amylopectin in partly crystallized clusters is highly branching, 

with shorter chains organized as double helices (Simmons, 1956). 

Amylose is found in the granule as a clump or as a randomly distributed substance between 

amylopectin clusters. With each turn of the amylose chain, there are six anhydroglucose units in 

the amylose chain (Tsegaye, 2002). Because amylose may form compounds with butanol, selective 

precipitation can be used to separate amylopectin from amylose. There are chains of 8-D 

glucopyranosyl residues connected together by chains of 8 (1 4) bonds, however there are also 5-

6 % of 8 (1 6) links at the branch sites. Depending on the extraction method, the age of the crop, 

and the environment, other components like as fiber, lipids, proteins, and minerals are sometimes 

included with the starch that is recovered. A few enhance its charm while others have a negative 

impact on it (Tsehaye & Kebebew, 2006). The enset starch included, according to proximate 

composition analysis, 14.0 % (w/w) moisture, 0.35 % (w/w) protein, 0.25 % (w/w) lipids, and 0.16 

% (w/w) ash (Gebre-Mariam et al., 1996a;1996b). Enset starch is higher in fat and protein than 

potato starch, but lower in fat and protein than maize starch. Ash levels in enset starch are greater 

than those in maize starch, but less so in potatoes. 

2.3 Sensory quality of stabilized, thickened and acid casein enriched yoghurt 

Both milk and milk products must be evaluated visually and acoustically by trained 

professionals. Given the extensive knowledge of fluid milk and its specific sensory profile, it is 

vital to understand the milk's sensory characteristics. Inspection of raw milk's taste or odor before 
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to pasteurization might reveal issues with handling or manufacturing. Fluid milk may be subjected 

to a variety of unit procedures and temperatures during the manufacturing of commercial milk 

products. Sensory evaluation of the final milk product, on the other hand, assists in the discovery 

of processing or handling errors. It is necessary to conduct regular sensory inspections and 

meticulous documenting of assessments in order to effectively address areas of concern when 

quality deviation is the result of a gradual drift over time rather than dramatic changes on a daily 

basis. 

Consumption of new foods and commodities has grown as a consequence of the rising interest 

in healthy eating. The market is presently flooded with a selection of innovative, nutritious dairy 

products with a wide range of flavor and nutritional attributes. In contrast, the success of a new, 

healthy product is not assured. Sensory components of food should not be ignored even if 

customers benefit from them (Siró et al., 2008). If a product can deliver a high level of sensory 

pleasure, as well as if it responds to customer needs, it will be adopted. Consumer acceptability of 

products is influenced by whether or not nutritional information-based assumptions are proven or 

disproved. Customers' opinions must be taken into account when assessing if the final product is 

acceptable because of these problems (Drake et al., 2009; Van Kleef et al., 2005). According to 

Villegas et al. (2010), creating new items as well as improving and enhancing current ones requires 

a thorough grasp of the sensory factors that impact customer like (Costell, 2002; Ligget et al., 

2008). A wide range of elements may influence consumers' hedonic or sensory expectations, which 

play a significant role in food selection and consumption. Depending on whether or not a product 

is confirmed or denied, it may be consumed or rejected again. What matters most in terms of food 

acceptance is whether or not these expectations are met, and if they are, how that influences food 

acceptance (Cardello, 1994). 

A wave of new products touting health advantages has hit the dairy industry the hardest, 

although not all of them have made it to consumers' hands yet. Despite their present economic 

relevance, functional foods have a long way to go before they reach their full potential (Sloan, 

2006). Skimmed milk and yoghurt, as well as a wide selection of pre and probiotic fermented 

milks, have developed to incorporate a variety of active ingredients that give customers with an 

alternative to typical dairy products (Allgeyer et al., 2010; Dello et al., 2004; Guggisberg et al., 

2009; Tárrega & Costell, 2006). 
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Functional (healthy) foods' attractiveness is likely to be influenced by people's knowledge of 

their potential health benefits. This isn't always the case, of course. Acceptance of milk drinks was 

unaffected by information about the fat and sugar levels, according to Shepperd et al. (1992). 

Studying how nonfat strawberry yoghurt's acceptability is affected by information, Kähkönen et 

al. (1997) discovered a similar result. As indicated by their choice method, knowledge affected 

consumer choices, but had only a small effect on hedonic evaluations. It was found that the 

nutritional and health claims of four varieties of yoghurt-like fermented soymilk were compared 

and Behrens et al. (2007) found no differences in acceptance. Bayarri et al. (2010) explored if 

plain yoghurt and fermented milk product types and nutritional information impacted consumer 

acceptability. Food groups' acceptance was not affected by presenting nutritional and product 

information. There is less of an influence on the consumption of food goods based on nutritional 

information than one may expect. Data from a representative sample of customers was used to 

average the results of most of this research. It's important to know whether or not all consumers 

reacted the same way to the material; what were their particular reactions? For a number of reasons, 

such as a lack of confidence in the information received or an interpretation in terms of attitudes 

and beliefs, consumer reactions might differ (Cardello & Sawyer, 1992); sensory preferences or 

personal opinions on health and nutrition (Shepherd et al., 1992); or a person's characteristics or 

tastes (Deliza & Macfie, 1996; Deliza et al., 1996; Shepherd et al., 1992). 

Product names and nutritional information vary across dairy products, despite their comparable 

looks, colors, textures, and packaging. A healthy product's components and brand name are 

commonly cited by consumers as factors in their decision-making process. Pohjanheimo and 

Sandell (2009) looked into sensory and non-sensory influences on yoghurt intake and found that 

food choice reasons (product content, ethical concern, and health) had an effect like. It's possible 

that any or all of these considerations will have an impact on their purchase choice and the pleasure 

they get from it. In order to understand and predict the market reaction to a unique meal, it is 

essential to analyze both the food's sensory quality and the customer's attitudes, views, and 

expectations (Heldman, 2004; Urala & Lähtennmäki, 2004; Verbeke et al., 2005; Verbeke, 2006). 

Any food acceptance research must take into account the effect of perceived sensory quality 

variation on consumer reaction. There may be no effect on acceptability from differences in the 

intensity of certain characteristics as judged by a trained panel or a group of consumers (Costell et 

al., 2010). Establishing a relationship between consumer acceptance and the degree of observable 
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features assessed by experts is essential (Costell et al., 2000; Tenenhaus et al., 2005). In order to 

discover which sensory elements have the most influence on customer approval, this approach 

may be applied When looking at individual differences, subgroups of consumers should be used 

rather than the whole group of customers. There are several methods to categorize customers based 

on their sense of smell, taste, and touch. It's essential to find groups of customers with similar 

preferences. In order to describe the variation in consumer acceptance data that may be explained 

by sensory attribute variability and acquired by a trained panel, the use of partial least squares 

regression has been recommended as a suitable approach (Childs et al., 2009; Liggett et al., 2008; 

Pohjanheimo & Sandell, 2009; Wold et al., 2001). 

Increasing sales of different kinds of yoghurt products is dependent on both product quality 

and customer pleasure. Several studies have linked customer satisfaction with yoghurt to sensory 

features such as sweetness (McGregor & White, 1986) and texture (Modler et al., 1983; O'Neil et 

al., 1979). The lactic acid produced during fermentation makes plain yoghurt sour. Fruit, 

flavorings, and sweeteners have been added to these yoghurts to help mask the acetaldehyde taste 

and make them more appealing to consumers (Bills et al., 1972). When it comes to the flavors or 

fruits contained, fruit yoghurts from all over the globe are now available at the grocery store. 

Overly salty or too sweet products (Grieg et al., 1985) or if the sweetness is enough but the 

sourness is too much (Grieg et al., 1985) customer acceptance has been shown to be reduced 

(Barnes et al., 1991; Grieg et al., 1985; Harper et al., 1991; Lindsay et al., 1981). Though yogurt 

consumption is very variable, sales of yoghurt have risen in general over the last several decades 

owing to its purported nutritional and health advantages (Kroger, 1973; O'Neil et al., 1979; 

Shanani et al., 1976). 

Sensory assessment techniques include quality judgment, the use of analytical sensory 

equipment, and consumer-oriented sensory testing, such as emotional sensory tests and 

instrumental taste analysis. Sensory assessment of dairy products was pioneered by the American 

Dairy Science Association (ADSA) scorecard system and dairy product adjudication (Clark & 

Costello, 2008). Before long, in the early twentieth century, firms were using quality standards set 

by law to market their products' superiority among the general public. the United States 

Department of Agriculture (USDA) developed an ADSA-approved scorecard that considered 

flavor, bacterial content, sediment, temperature, acidity, as well as the appearance of the bottle and 

cap when the first National Collegiate Dairy Products Evaluation Contest for milk was held in 
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1917 (Clark & Costello, 2008). Many additional scoring methods were employed in the 1920s and 

1930s, and there was a lot of controversy within the business about how scorecards should be 

utilized. According to reports, the ADSA scorecard was also used to evaluate fluid milk in the 

early 1930s (Nelson & Trout, 1934). When it comes to quality assessment, the typical approach 

focuses on defects rather than sensory attribute intensities. With this technique, a large number of 

samples may be quickly tested for abnormalities in sensory perception. Dairy quality was 

evaluated in early sensory studies since more sophisticated methods hadn't been developed yet 

(Hening & Dahlberg, 1939; Kratzer et al., 1987; Weaver et al., 1935). 

In order to identify the root cause of a certain sensory deficiency, several tests were created. 

Because of their limited usage in research, quality evaluation techniques are beneficial in industrial 

settings and dairy competitions, but they are not suitable for long-term evaluations because of a 

number of factors (Alvarez, 2009; Drake, 2004, 2007). Excellent (10), good (7–9), fair (4–6), poor 

(1-3), and unsatisfactory (1–3) are the highest marks on the ADSA milk and cream scorecard (0). 

To put it another way: Specific defects and their severity are taken into account when deducting 

points. For milk samples with several flaws, the taste score is normally awarded according to the 

most severe problem (Alvarez, 2009). Specific defects and their severity are taken into account 

when deducting points. For milk samples with several flaws, the taste score is normally awarded 

according to the most severe problem (Alvarez, 2009). Despite major improvements, the current 

scorecard lists many of the same sensory defects as the 1934 version. Staleness has been removed 

from the dairy hygiene scorecard because cowy and barny aromas and tastes are seldom seen in 

samples to be scored, and hence they are not commonly noted on the scorecard. A post-World War 

II defect, astringent, is equally unusual and only appears on rare occasions (Alvarez, 2009). 

In lieu of cardboard and disinfection on the scorecard, the phrase "alien," which refers to off-

flavors or odors not often seen in milk, has been added. Renaming the defect metal oxidized and 

adding defect light oxidized has resulted in the creation of a new product. Prior to extensive 

pasteurization of milk, cooked was considered a dreadful flaw. Now, it is perceived with 

significantly less scorn (Alvarez, 2009). For a long time, raw whole milk was used to determine 

the quality of dairy products. Pasteurized whole milk, and then 2 % pasteurized milk, replaced raw 

whole milk in dairy competitions (Clark & Costello, 2008). The flaw of lack of richness, which 

was connected with skim milk on the 1934 scorecard, has been eliminated from the current 

scorecard, perhaps owing to the transition to assessing reduced-fat milks rather than whole milks. 
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To underscore how uncommon, it is for milk to be tainted with water, the term "flat" was added to 

the current scorecard. 

Since its debut in the 1950s, descriptive sensory analysis has steadily supplanted other 

techniques to evaluating quality due to its adaptability, specificity, and statistical robustness. There 

are six to twelve trained volunteers needed for descriptive analysis to measure the intensity of a 

product's sensory characteristics. Claassen and Lawless (1992) investigated how effectively 

defect-oriented systems could identify between light-oxidized, metallic-oxidized, and spoilt dairy 

products were tested. The descriptive analysis panel was more sensitive to differences than the 

conventional judgment panel when given the same amount of training. Traditional quality 

evaluation techniques, even if they assume hedonics, are poor predictors of customer demand 

(Bodyfelt, 1981; Drake, 2004; McBride & Hall, 1979; Sidel et al., 1981). Lawless and Claassen 

(1993) compared customer like ratings using data from conventional dairy judging panels and 

descriptive analysis panels and found that the latter was more likely to be associated with customer 

like scores (although the method itself does not attempt to predict consumer liking). An 

investigation on the limits of defect quality assessment and the role of current sensory techniques 

has been carried out (Bodyfelt et al., 2008; Drake, 2004, 2007). 

Analytical sensory testing does not take personal preference into consideration while recording 

sensory profiles and other product characteristics. Aside from fluid milk, these procedures may be 

used for a variety of other products as well. Analytical sensory procedures that include 

discrimination testing are prevalent. It is possible to quickly acquire findings from published 

significance tables based on the binomial distribution for discrimination tests, which are basic tests 

that aim to discover whether or not two or more samples vary substantially (Lawless & Heymann, 

2010). Paired-preference, duo-trio, and triangle testing are the most often utilized discrimination 

tests in the study of fluid milk, although tetrad testing has also been used (Carlisle, 2014). Bierman 

et al. (1956) examined if irradiation treatments caused changes in milk and cream products using 

triangle testing techniques. Triangle tests were also used by Modler et al. (1977) testing if milks 

with different feed taste intensities can be distinguished by consumers, then conducting paired-

preference trials on whether such distinctions are desired. Control 2 percent milks were preferred 

by consumers, who were able to identify them from milks with strong feed tastes. Studies show 

that difference testing is still frequently utilized in the milk business and in academic research as 

a means of quality control (Lee et al., 2016; McCarthy et al., 2017; Yeh et al., 2017). Fluid milk's 
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sensory properties may be quantified and quantitatively defined utilizing approaches like 

descriptive analysis. Before gathering data, panelists must be taught in descriptive analysis 

(Chambers et al., 2004). There is a lot of time invested in panel training in hopes of obtaining 

objective, consistent, and sensitive data similar to what an instrument can provide. Descriptive 

analysis has been utilized in several fluid milk investigations to evaluate and classify samples 

(Chapman & Boor, 2001; Claassen & Lawless, 1992; Chung et al., 2008; Francis et al., 2005; 

Lawless & Claassen, 1993; Lee et al., 2017; McCarthy et al., 2017; Phillips et al., 1995; Watson 

& McEwan, 1995). A method known as preference mapping may be used to better understand the 

factors that lead to product liking by integrating descriptive analytic data with data from consumer 

panelists (MacFie & Thomson, 1988; Thompson et al., 2004). 

Hedonic scaling approaches, initially established in the 1940s, have relied on customer 

approval to help numerous fluid milk products and treatments pass sensory testing targeted at 

actual consumers. It is possible to deliver the consumer fluid milk testing in a number of methods, 

but the most common are the central site and home use tests. A product's genuine target market is 

assessed via consumer evaluations, which enlist untrained participants. Panelists' ability to 

anticipate consumer preferences in early studies on fluid milk hedonic characteristics was deemed 

unsatisfactory (Bierman et al., 1956; Ellis, 1969). By conducting customer testing, manufacturers 

may better understand the impact of various processing methods on their products' consumer 

acceptability and development (Gandy et al., 2008; Horner et al., 1980; Lee et al., 2017), 

fortifications or flavor additions (Achanta et al., 2007; Campbell et al., 2003), and shelf life 

(Hansen et al., 1980) on fluid milks. Qualitative components of the customer experience may also 

be studied in customer experience research. Free-response comments, check-all-that-apply 

questionnaires, and, in certain situations, focus groups are used to gather qualitative consumer 

feedback. Light-induced oxidation effects on the taste of 2 % milks were evaluated in a study. 

Walsh et al. (2015) evaluated hedonic scores using emotional check-all-that-apply questions and 

found a strong correlation between increased frequency of phrases like "happy," "safe," "warm," 

and "complete." The just-about-right scale is a popular consumer testing question type for new 

product development. These scales may be used to determine how specific sensory variables or 

product attributes impact overall enjoyment. Specific product qualities and deviations from near-

perfect classification are examined to see whether those variables impact overall like. Probiotic 

milks, for example, have found widespread popularity among consumers (Villegas et al., 2010), 
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regionally flavoured milks (Zhi et al., 2016), and coffee-flavored milks (Li et al., 2014, 2015), as 

well as various pasteurization methods, has been extensively studied using just-about-right scales 

(Chapman & Boor, 2001; Lee et al., 2017). However, no technology innovation or survey 

questionnaire will ever really replace human sensory assessment of food items in assessing sensory 

attributes and preferences, surveys are a cost-effective method of reaching huge groups of persons. 

According to a variety of studies, the perception of food and beverage goods has a considerable 

influence on their sensory assessment (Fernqvist & Ekelund, 2014; Liem et al., 2012; Norton et 

al., 2013). Surveys may be used in a number of ways to examine these perceptions. Client patterns 

may be discovered by asking simple questions on use and attitude as well as like and purchasing 

intent linked to ideas or photographs, as shown in studies by Allen and Goddard (2012). Using 

sophisticated statistical techniques like maximum difference scaling or conjoint analysis, surveys 

may be utilized to develop tradeoff exercises or product-optimization activities. These approaches 

have been directly used to fluid milk research (Amadou & Baky, 2015; Bai et al., 2007; McCarthy 

et al., 2017). In order to uncover factors that have a major influence on consumer decision-making 

and emphasize the relative significance of product qualities, these survey methodologies are 

essential. 

Consumer views of milk's nutritional attributes were first researched, with little attention 

devoted to its sensory aspects or hedonics (Martin et al., 2005). Milk consumption has evolved 

throughout time, and these insights are a good starting point for understanding the current state of 

affairs. Consumer-oriented testing in the 1950s led to a shift in survey aims toward consumer 

psychology, although there was still a perceived lack of concentration on investigating milk taste 

perceptions (Trout, 1956). After interviewing 1,393 milk customers, Swope and Nolan (1959) 

discovered that taste, not nutrition, was the most significant determinant in milk consumption, 

underlining the significance of customer awareness in a changing market. Work on evaluating milk 

for taste faults helped alleviate public anxiety. Things other than the milk itself had changed 

people's views on fluid milk by the late 1960s. Research conducted by the United States 

Department of Agriculture (USDA) found (Fallert, 1971), Customers' purchase choices for milk 

were heavily influenced by their familiarity with and familiarity with the brand. Following decades 

saw similar patterns, with studies focused on particular elements of the milk product, such as rBST-

free milk (Puetz, 2013), organic milk (Brooks & Lusk, 2010; Schroeter et al., 2016), and locally 
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farmed milk (Pirog, 2004), many of which have no impact on the consumer's ability to accept the 

product if they are not expressly communicated to them (Boppanna, 2007; Grobe et al., 1996). 

In order to reconcile one's prior views with one's current perception, one may use conjoint 

analysis. In order to forecast client preferences in a hypothetical market, conjoint analysis 

combines data from tradeoff situations to develop multi-attribute utility models (Green et al., 

2001). Today's computing capacity allows for more streamlined and even customizable 

methodologies of measuring customer opinion on numerous product aspects, however conjoint 

analysis techniques have been utilized in marketing since the 1970s (Cunningham et al., 2010). 

An adaptive conjoint approach employs an algorithm to delete unwanted ideas for a particular 

client as the vote continues. Adopted options are weighted according on their placement in the poll 

and are meant for shorter time, fewer questions, and smaller panels of panelists than typical 

conjoint analysis. This study found that those preferring fluid milk were most influenced by its 

low-fat level, HTST pasteurization, and natural flavor according to Bai et al. (2007) using conjoint 

analysis. Consumers in Switzerland favored GMO-free and locally produced milk, according to a 

study by Boesch (2013). McCarthy et al. (2017) carried out conjoint analysis surveys of 702 dairy 

customers followed by one-on-one interviews with 172 consumers to examine the basic factors of 

milk purchase, beliefs, and values in comparison to plant-based drinks. Until recently, food 

conjoint analysis did not include flavor. Some recent researches have examined the validity of a 

taste component in conjoint analysis, but none have focused on fluid milk (Haddad et al., 2007; 

Vickers, 1993). Conjoint surveys, for example, are projected to gain in popularity in the future 

years because of the information they provide into consumers' sensory experiences. 

These strategies have evolved alongside instrumental techniques in instrumental taste analysis. 

Despite the fact that instruments are unable to quantify taste, they may be used in conjunction with 

sensory data to better identify flavor sources. New technologies for recognizing and measuring 

volatile compounds have been employed as instruments to investigate the mechanisms underlying 

sensory differences as they have developed through time. Because the human palate is more 

sensitive and complicated than any technology, no instrumental approach can stand alone without 

sensory input. Volatile compounds, which are the principal source of milk smells, may be 

identified using Gas Chromatography (GC). In the 1940s, a technology called partition 

chromatography was developed as a forerunner to GC. Paper chromatography methods were 

widely used before partition chromatography to study milk volatiles, but they took a long time, 
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required a big sample quantity, and were difficult to duplicate (Wong & Patton, 1962). In 1952, 

an early version of what is now known as modern GC was created. Technique sheets for GC 

technology were produced to standardize sampling methods and minimize contamination from 

outside the sample (Sundararajan et al., 1967). Dairy research throughout the 1960s and 1970s 

concentrated on the tastes in milk, using technologies like GC or GC-MS to identify volatiles in 

milk, blood, or urine from cow dietary differences (Bassette et al., 1966; Gordon & Morgan, 1972; 

Loney et al., 1963). 

Using a 50 % positive response threshold, trained panelists sprayed samples into their mouths 

to determine the taste relevance of volatile compounds prior to GC-olfactometry (Patton & 

Josephson, 1957). Flavor variations caused by heating or cooling milk fat were studied since they 

are important in industrial processing (Scanlan et al., 1968). Measurements of volatile chemicals 

in milk were also attempted to create a baseline for future study (Bassette & Ward, 1974). At the 

time, there were no well-defined techniques for merging experimental and sensory data, and 

descriptive sensory analysis was a relatively new idea. While quality judging was still a prevalent 

study method, several investigations sought to correlate instrumental data to the taste ratings of 

milk awarded by professional dairy judges. Keller and Kleyn (1972) identified a correlation 

between haylage flavor off-taste and overall chromatogram area (a feed flavor defect). Reddy et 

al. (1967) discovered that commercial pasteurization eliminated 95% of the methyl sulfide, which 

was shown to be inversely connected to raw milk taste quality ratings. These articles suggested 

that GC might be used as an objective approach for detecting off-flavors in fluid milk without 

sufficiently accounting for GC's limitations. In response to the growing need for objective 

assessment of off-flavors, descriptive analysis has grown in popularity, allowing for more reliable 

correlations between instrumental and sensory data to be drawn. Instrumental data might 

potentially be contextualized with the use of difference-testing. Gordon and Morgan (1972) used 

duo-trio tests to establish the threshold for principal volatile components identified with GC in 

feed-flavored milk. Although GC technology was able to identify and quantify volatiles in a 

sample, it was no alternative for sensory analysis, since researchers were unable to duplicate the 

precise taste of the meal. Forss (1969) recognized the difficulties of interpreting GC data, saying 

that the human nose was sometimes the best detector. 

The nutritious value of fluid milk from cows has long been extolled. Other than its 

macronutrient and mineral composition, milk's sensory character is impacted by a variety of other 
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elements. Pasteurization, vitamin fortification, and packaging are all steps in the milk distribution 

process, as are the calves' diet and the cows' feed. Fluid milk's taste may be affected by a wide 

range of circumstances, including these. Stabilized, thickened, and acid casein augmented yoghurts 

were tested for consumer acceptance and sensory differences in this research. 

2.4 Adoption of stabilized, thickened and acid casein enriched fermented milks by small 

scale milk processors  

The research's rural and peri-urban milk value chain networks in Nakuru county need farmers 

to first learn about milk handling techniques and use at dairy farms and collection hubs in the study 

areas. Great-quality, long-lasting foods are in high demand because of their safety, quality, and 

shelf life. Milk and milk products, on the other hand, are very perishable, which means they go 

bad rapidly. Multiple tests are used to guarantee that milk and milk products are safe, healthful, 

and fulfill the criteria for chemical composition, purity, bacteria, and other microorganism levels 

(Ahmedsham et al., 2016). With the help of a quality control system, everyone involved in the 

milk supply chain will adhere to safe handling procedures. 

Raw milk quality is an important consideration when evaluating the efficiency of dairy value 

chains. Feeding strategies (Demeyer & Doreau, 1999), breed, and lactation stage all influence 

chemical components, particularly fat, SNF (Solid Non-Fat), and protein concentrations (Kelsey 

et al., 2003). The safety of milk, on the other hand, is of paramount importance. According to 

Jayarao et al. (2004) quality control for dairy farmers and cooperatives relies on the examination 

of bulk milk tanks. Furthermore, according to Bonfoh et al. (2003), the health of the dairy herd 

and the circumstances under which it is milked have a significant impact on the quality of the 

product. According to Vasavada (1988), public health concerns about dangerous microorganisms 

in milk date back to the origins of the dairy industry. Dozens of illnesses may be transmitted by 

drinking milk or eating milk products. Milk's shelf life and customer acceptance are influenced by 

its sanitary state (Ma Y et al., 2000). (Noordhuizen & Metz, 2005). Raw milk's low 

microbiological quality and heat-resistant enzymes have been blamed for quality problems in dairy 

products (Marshall, 1982; Muir et al., 1986; Samarija et al., 2012). Environment, water, and 

equipment all have a role to play in infecting healthy udder milk with pathogens during milking 

and processing (3×104 cfu/ml), microorganisms from the environment, water, and milk equipment 

might potentially pose a risk (Cousins & Bramley, 1981). 
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Poor hygiene and sanitation during milking and milk handling, filthy water, high ambient 

temperatures, a lack of chilling facilities, and insufficient infrastructure for milk transportation to 

processing facilities make it difficult to produce good-quality milk in poorer countries (Berg, 1988; 

Bille et al., 2000). Often, milk collection facilities and farmer groups have quality control methods 

in place that enable them to detect low-quality milk from the rest of the milk they get. The facilities 

play a vital role in the dairy industry by providing high-quality, safe, and enough raw milk to dairy 

farms (Demirbas et al., 2009). Because they are responsible for collecting milk, they must ensure 

that it is of sufficient quality and quantity for the processing industry's needs. Organoleptic testing, 

alcohol testing, and lactometer testing are among the most often reported quality control tests. 

Using the stability of milk casein micelles as a quality control measure, the alcohol test has become 

the most widely utilized. These micelles disintegrate when milk becomes more acidic (FAO, 

2011). Because of microbial activity, milk becomes acidic when transported from farms or kept at 

temperatures above freezing without being refrigerated. Bacteria transform lactose, the sugar in 

milk, into lactic acid, a substance that causes the milk to become sour (IDF, 1996). Fermentation's 

acid destabilizes casein at low pH (Walstra et al., 1999). Detection of the casein's instability is 

made when milk is tested for alcohol. If the milk fails the test, it's thrown away." Milk rejection is 

a factor in the post-harvest losses suffered by farms, which may reach as much as 6% of overall 

output (Muriuki, 2003). There is an average of 1% to 5% milk loss at the cooperative or collection 

center, but this may rise as high as 10% during the rainy season when deliveries are often rejected. 

In many cases, milk that fails the lactometer or alcohol tests is rejected owing to the presence of 

water or particles in the milk. The quality of raw milk is influenced by the containers used to 

transport it. 

Most smallholder farming systems, especially in densely populated regions, rely on milk as a 

primary crop. Milk is a staple food and a major source of revenue for families that use these 

production techniques since it provides critical elements including calcium, protein, phosphorus, 

and lipids. Food, principally grains, clothes, and other necessities are the most common uses of 

dairy income, although they may also be used to support rural development initiatives. There are 

a number of factors that affect how much money dairy farmers make, including how milk is 

marketed, the accessibility of the market, and current pricing rules. Milk production has increased, 

rural incomes have increased, and jobs have been created as a result of dairy growth in developing 

nations. As a result of the low and unreliable cash crop revenue, alternative agricultural ventures 
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have grown in popularity (FAO, 2011). According to studies, the dairy industry has a lot of 

promise, and dairy can help people get out of poverty. Farmers in rural areas are reaping the 

benefits of small-scale dairy production, which has a big impact on their income. Higher milk 

yields are directly linked to increased levels of technology adoption and better dairy farming, 

which in turn affects revenue generation, poverty reduction, and the supply of animal protein 

(FAO, 2011). Smallholder dairy farms should take use of already available dairy technologies in 

order to boost milk output. 

It takes around 38°C for milk from a cow's udder to reach the proper temperature for 

consumption. Bacterial growth is enhanced in warm milk (Robinson, 1983). In locations where 

the temperature and humidity are high, raw milk degrades fast unless it is kept refrigerated for 

most of the year (Korhonen, 1980). In contrast, small-scale farmers in rural and peri-urban regions 

are unable to use cooling systems because of their location. Since a result, attempting to gather 

milk from these places is pointless, as the milk quality will have degraded to unacceptable levels 

by that point. In addition, milk collecting systems are challenging to manage owing to the 

seasonality of milk supply, the low volume of milk produced, and infrastructural issues. Even sour 

or fresh milk is drunk fresh or bartered by farmers in rural regions; excess milk is only processed 

into dairy products that can be stored for longer in peri-urban and metropolitan areas (FAO, 2011). 

Conventional milk processing processes result in poor end product yields and a lot of effort, while 

the manufactured goods are unstable and perhaps hygienically inferior to those produced in big 

dairy facilities. 

Even though the availability of small-scale processing techniques for the production of high-

quality dairy products with good storage characteristics is critical for smallholders, any dairy 

development program's success will be largely determined by the available marketing facilities 

and pricing policies (FAO, 2011). An good method for expanding dairy operations in rural and 

peri-urban regions is encouraging successful on-farm or home processing. The quantity of milk 

available for processing, the technical skills and equipment required, the marketing infrastructure, 

and customer tastes all play a role in the product selection process for small-scale manufacturing 

(FAO, 2011). Some regions, like the peri-urban area studied in this research, now do centralized 

processing of milk provided by individual smallholders at the level of collecting centers. Reduces 

farm labor requirements, offers a midpoint for milk sales, and enhances the marketing options for 

independent milk producers by using small-scale central milk processing. Fermented milks, butter, 
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and a variety of cheeses are among the dairy products that may be produced on a modest scale 

(FAO, 2011). Modified processing methods utilized in the production of these dairy products 

should be promoted to small-scale farmers so that they may adapt to local circumstances. A small-

scale production of fermented milks, for example, may be accomplished with low-cost equipment 

and little investment in technology (FAO, 2011). This research examined basic technologies that 

may be used by small-scale milk producers and processors, such as the use of new additives in 

fermented milk processing. 

The use of raw cow's milk in the milk processing industry is the subject of this thesis. The 

technologies that may be used to make fermented milks on a smaller scale are addressed. It was 

suggested that new ingredients such as casein, matoke, and bulla flours be used into the 

fermentation process for fermented milk products. It is necessary to know the factors that influence 

farmers' adoption of dairy technology when developing and implementing policies and initiatives 

in the industry. Dairy-related technologies have been the subject of previous adoption studies 

(Mekonnen et al., 2009; Metz et al., 1995; Mohi & Bhatti, 2006; Nicholson et al., 1999), moreover, 

there are determinants of smallholder farm adoption (Irungu et al., 1998; Jera & Ajayi, 2008; 

Mekonnen et al., 2009; Metz et al., 1995; Mohi & Bhatti, 2006; Nicholson et al., 1999). This 

research looked into the usage of yoghurt processing equipment by farmers who provided milk to 

the studied dairy cooperatives/milk collection facilities and a few small processors. Restrictions 

on yoghurt processing technology uptake are also examined. 
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1 Development of stabilized, thickened and acid casein enriched fermented milks 

(yoghurt) 

3.1.1 Research design 

The study included a lab-based experiment aimed at generating stabilized, thickened, and acid 

casein-enhanced fermented milks. Casein, stabilizers, and starch additives were utilized in the 

production of fermented milks (yoghurt). All of the tests were carried out three times. The matoke 

flour and bulla flour used in the study were sourced from Uganda and Ethiopia, respectively, as 

part of the RELOAD (Reducing Losses and Adding Value in East African Food Value Chains) 

initiative, which funded the research. 

3.1.2 Extraction of acid casein for enrichment of the fermented milk (yoghurt) 

Figure 1 depicts the formation of acid casein. Two methods of acid casein extraction are 

depicted in the diagram: starting culture extraction and acetic acid extraction. Instead of a 

combination of the two components, acetic acid is used as a starting culture. 
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Figure 1: Process flow chart for production of acid casein 

3.1.3 Extraction of casein from high acid milk 

The initial method involved inoculating milk with a 3 % yoghurt starter culture and letting it 

to ferment until it coagulated at a pH of 4.6, which is the casein isoelectric point. When the pH is 

kept at this level, casein precipitation is maximized. In the second approach, the milk was acidified 

immediately by adding food grade vinegar (acetic acid) up to its isoelectric pH of 4.6, at which 

point it coagulated. During casein precipitation, the temperature was regulated between 45 and 

48°C to allow for faster precipitation and greater particle size, as well as the ability of the coagulum 

to contract (syneresis). 

A thin, soft coagulum forms at low temperatures, whereas a coarse, plastic-like coagulum 

forms at high temperatures. The coagulum was taken from the whey after complete coagulation 

and washed three times with the first change wash water kept at 45 to 48°C to produce optimal 
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syneresis. The final wash water was heated to 75°C to reduce the bacteria level in the processed 

casein before drying. The coagulum is washed to remove calcium salts that become soluble during 

acid treatment, as well as other whey solids, including lactose. When there are too many calcium 

salts in the finished product, it becomes sparingly soluble and viscous. After drying or storing, 

casein mixes with the protein in the finished product, causing it to brown. The wash water was 

drained from the coagulum after it was washed, and the moisture content was lowered to roughly 

55 % by pressing it in a mechanical press. The crushed coagulum was chilled before being dried 

in a 102°C oven to a moisture content of 4.19 %. 

The dried casein protein was refrigerated, crushed, and packed for use as a yoghurt enrichment 

protein supplement. It has been reported that adding 2 % protein concentrates to yoghurt is 

sufficient for improving textural quality, and this was the amount used in this investigation. 

3.1.4 Production of Different Types of Yoghurt 

Figure 2 shows the two basic types of yoghurt produced by the traditional method of 

yoghurt production (set type and stirred type). 
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Figure 2: Process flow chart for production of yoghurt 

Figure 2 shows a schematic of a modelled commercial batch approach for a specific type of 

yoghurt production. Several tests on enriched and stabilized yoghurt were undertaken, with 

yoghurt without enrichment or stabilizer serving as the control. The process involved adding 

chemicals to high-quality raw milk that had been heated. These temperatures allow the included 

materials and additives to dissolve more quickly before homogenization. The homogenization 

process guarantees that the milk and other ingredients are evenly dispersed, and that the fat is 

broken down and redistributed throughout the milk, resulting in a smooth and consistent final 

fermented product. After the raw cow milk was filtered, acid casein, stabilizer, and starch additive 

were added. Pasteurization of the milk at 85°C for 30 minutes was followed by rapid cooling to 

43°C and injection of the yoghurt starter culture, which started the fermentation process. It was 

  
Stirred type Yoghurt Set type Yoghurt 

Good quality raw milk 

Pre-heating of milk to 65⁰C and application 

of additives/enrichment (gelatin, corn 

starch, bulla and matoke powder) 

Pasteurization of milk at 85⁰ C /30 min 

 

Cooling of milk to 43 ⁰ 

Innoculation with Yoghurt Starter Culture 

Innoculated milk is packaged in 

cups and allowed to ferment at 

42-43⁰ C for 3 hours. 

Innoculated milk is put in milk 

cans and allowed to ferment at 

42-43⁰ C for 3 hours 

 

Stored at 10⁰ C /12 hours Stored at 10⁰C/12 hours 

Cooling Stirred and packaged  

Cooling 



63 

 

mixed well with Streptococcus delbrueckii subsp. bulgaricus and Lactobacillus delbrueckii subsp. 

thermophilus, at a 3% rate. After that, the samples of fermented milk were transferred to plastic 

bottles and allowed to finish fermenting at 42°C. In this case, fermentation was halted at a pH level 

of 4.7. 

3.1.5 Addition of starch additives 

Decourcelle et al. (2004), Keogh and O'Kennedy (1998), and Wang et al. (2007) observed that 

adding starch to milk prior to heat treatment and acidification/fermentation affects the acid gel 

characteristics of milk. The thickening and gelling effects of the modification are included in the 

change. In the food sector, starch is the most often utilized component for these reasons (Basim et 

al., 2004). Improved mouthfeel and a reduction in syneresis may be achieved by using this 

ingredient. A rise in viscosity occurs when starch granules absorb water, resulting in an increase 

in their volume. (Ares et al., 2007). Matoke and bulla flours were utilized as thickeners in this 

study. Matoke flour, a powdered green banana, has been around for a long time. Agriculturally, 

bananas are an essential crop for food security, diversity, and sustainability. In part, this is due to 

the ideal total yield per hectare and the high carbohydrate, nutritional, mineral, and fiber content, 

making it a highly qualified food item in the diet itself. Yeast may be made from bananas since 

they are rich in vitamins and minerals, which have a positive effect on the body (Qamar & Shaikh, 

2018). Due to their high carbohydrate content (between 17.2 and 38 %), bananas are good for flour 

production (Pratiwi, 2008). This starchy white powder is manufactured in Ethiopia from the Enset 

plant, whereas Bulla is a starchy white powder made from it. The stem and leaf sheaths of the plant 

are scraped into a pulp and used to manufacture it. Fruit is pressed, the juice is removed, and the 

white powder is evaporated. 

3.1.6 Yoghurt recipes 

All samples that had gelatin had a concentration of 0.4 %, which is the highest IDF permitted 

standard for cow milk. The matoke and bulla flours were added at a rate of 2 %, as per the IDF's 

recommendation of a starch concentration of 1.2 to 2 %. Skim milk and acid casein powders were 

added to the yoghurt at a rate of 2 % each. It was discovered that adding 2% protein concentrates 

to yoghurt was enough to improve its textural quality. The yoghurt products were monitored for 

acid development throughout the manufacturing process until they reached an average acidity of 
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0.9 % lactic acid, which is considered normal for fermented milks. The following fourteen (14) 

types of yoghurt samples (Table 3) were produced in triplicate:  

Table 3: Types of yoghurt samples 

Recipe/yoghurt sample Purpose 

Yoghurt enriched with 2 % skim milk powder. 

Yoghurt enriched with 2 % acid casein. 

Determination of nutritive value of acid casein 

enriched and skin milk powder yoghurts  

Yoghurt thickened with 2 % corn starch flour. 

Yoghurt thickened with 2 % bulla flour. 

Yoghurt thickened with 2 % matoke flour. 

Determination of the thickening agent’s 

effectiveness in regular yoghurt 

Yoghurt stabilized with 2 % corn starch and 

0.4 gelatin. 

Yoghurt stabilized with 2 % bulla flour and 

0.4 gelatin. 

Yoghurt stabilized with 2% matoke flour and 

0.4 gelatin. 

Determination of effectiveness of thickening 

agents combined with a gelling agent in 

regular yoghurt 

Yoghurt enriched with 2 % acid casein and 

thickened with 2 % corn starch. 

Yoghurt enriched with 2 % acid casein and 

thickened with 2 % bulla flour. 

Yoghurt enriched with 2 % acid casein and 

thickened with 2 % matoke flour. 

Determination of effectiveness of thickening 

agents in acid casein enriched yoghurt 

Yoghurt containing 2 % acid casein, 2 % corn 

starch, and 0.4 % gelatin. 

Yoghurt containing 2 % acid casein, 2 % bulla 

flour and 0.4 % gelatin. 

Yoghurt containing 2 % acid casein, 2 % 

matoke flour and 0.4 % gelatin. 

Determination of effectiveness of thickening 

agents combined with a gelling agent in acid 

casein enriched yoghurt 
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3.2 Determination of the nutritive value (chemical composition) of acid casein enriched 

yoghurt 

The following tests were carried out for the determination of the nutritive value of yoghurt 

samples: Y CONTROL (Yoghurt containing no acid casein or skim milk powder), YA (Yoghurt 

containing acid casein), YMP (Yoghurt containing skim milk powder), YC (Yoghurt containing 

cornstarch), YG (Yoghurt containing gelatin), YB (Yoghurt containing bulla flour), YM (Yoghurt 

containing matoke flour), YBA (Yoghurt containing bulla flour and acid casein), YMA (Yoghurt 

containing matoke flour and acid casein), YCA (Yoghurt containing corn starch and acid casein), 

YBG (Yoghurt containing bulla flour and gelatin), YMG (Yoghurt containing matoke flour and 

gelatin), YCG (Yoghurt containing corn starch and gelatin), YBAG (Yoghurt containing bulla 

flour, acid casein and gelatin), YMAG (Yoghurt containing matoke flour, acid casein and gelatin), 

YCAG (Yoghurt containing corn starch, acid casein and gelatin). 

3.2.1 pH measurement 

At room temperature, a digital pH meter was used to determine the pH. (JENWAY 3505). The 

pH meter was calibrated using buffer standards of pH 4 and pH 10 before use. 50 mL of each 

yoghurt drink was poured into a beaker, the pH meter probe was inserted, and the pH was 

measured. When the yoghurt was initially opened, this measurement was obtained. The probe was 

thoroughly cleaned with distilled water before being used on samples. 

3.2.2 Titratable acidity 

The titratable acidity was evaluated by titrating 10 ml of yoghurt with 0.1 M sodium hydroxide 

until the substance reached the phenolphthalein end point. When this amount was reached, the 

used NaOH volume in ml was recorded, and the acid percentage of the sample was calculated 

using the formula below: 

Titratable acidity =
𝑇𝑖𝑡𝑟𝑒 𝑣𝑎𝑙𝑢𝑒 ×𝑀×90×100

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 ×1000
 

Where, M = Molar concentration of NaOH 

3.2.3 Crude Protein content determination 

The Kjeldahl method was employed in conjunction with the AOAC methodology 920.123. 

(AOAC, 2000). A sample of 0.2 g of yoghurt was weighed into a digestion flask, which was then 

digested with 10 ml. analytical grade concentrated sulphuric acid and a selenium pill as the 

catalyst. Organic nitrogen was converted to ammonium sulfate. An alkali was used to neutralize 
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the digest, which consisted of 50 mL of 40 % sodium hydroxide distilled into 25 mL of 2 % boric 

acid solution. The produced borate anions were titrated using a standardized 0.1N hydrochloric 

acid. In this experiment, bromocresol green and methyl red were utilized as indicators. In the 

absence of the yoghurt sample, the acid and catalyst were the only substances used. Using a 

conversion factor of 6.38 for milk products, the crude protein in the cheese was calculated. The 

protein content of the yoghurt was estimated by multiplying the nitrogen content by a nitrogen-to-

protein conversion factor. 

 

%N=N. of HCL ×
𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑𝑎𝑐𝑖𝑑𝑣𝑜𝑙𝑢𝑚𝑒

𝑔𝑜𝑓𝑠𝑎𝑚𝑝𝑙𝑒
×

14𝑔𝑁

𝑀𝑂𝐿
×100 

3.2.4 Carbohydrates determination 

High-performance liquid chromatography was used to analyze carbohydrates (HPLC). Total 

carbohydrates, non-reducing carbs in sucrose, and reducing carbs in lactose were also examined 

(by summing up reducing and non-reducing carbohydrates). 

Yogurt samples were weighed (10 g), and ethanol-water was added to create a final ethanol 

concentration of 80 % (vol/vol) (200 ml); the mixture was then heated under reflux for 15 minutes. 

The mixtures were chilled and filtered through a 4 on a sintered glass funnel. The residue was 

extracted twice and washed in 80 % ethanol till the Molisch's test was passed (Pearson, 1970). The 

extractive liquids were vacuum evaporated at 40°C. Colorants, lipids, and other substances that 

could obstruct carbohydrate analysis were dissolved in distilled water and extracted with ethyl 

ether. Before being dissolved in distilled water, the aqueous phase was dried. The solution was 

purified using Waters Sep-Pak Cls cartridges before being filtered using a Millipore HA membrane 

(0.45/am). 

Thin layer chromatography (TLC) was used to identify soluble sugars using plates of silica gel 

GF2s4 Merck treated with boric acid. 03 M, as specified (Vidal-Valverde et al., 1979). We also 

used HPLC to identify and quantify sugars, comparing retention contents to matching standards. 

3.2.5 Butter fat content determination 

This was determined using the Modified Gerber Method for milk. 11 mL Gerber acid (90 % 

sulphuric acid) was added to the milk butyrometer. The butyrometer was filled with a 10 mL 

yoghurt sample that had been accurately measured. One (1) milliliter of amyl alcohol was poured 

to the yoghurt sample pipette to rinse it and get the contents to the correct level in the butyrometer, 

followed by distilled water at 40°C. The contents were placed in a water bath at 70°C to aid 
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decomposition. After that, the sample was centrifuged at 1100 rpm for 5 minutes. The butter fat 

percentage of yoghurt was determined by immersing the butyrometer in a water bath set at 65°C 

for 5 minutes after withdrawing the sample from the centrifuge and adjusting the fat column from 

the stem (Adolfo Lutz Institute, 2008). 

3.2.6 Moisture content determination 

The moisture content of the yogurt products was determined using the Association of Official 

Analytical Chemists Method (AOAC). Each yoghurt sample (ten grams) was weighed and baked 

for three hours at 105°C in a moisture dish. The dish was covered before being removed from the 

oven and placed in a desiccator to cool before the final weight was taken. The reading was taken 

at a constant weight. The moisture's weight was then calculated from the initial weight of the 

yoghurt sample and expressed as a percentage (%) of the original weight. 

3.2.7 Ash content determination 

The ash level of each yoghurt sample was measured at 550℃, according to the AOAC (1995). 

This was accomplished by weighing 10g of yoghurt into a ceramic crucible and then decarbonizing 

on a hot plate. After that, the sample was heated for six hours in a 550°C furnace. After cooling in 

a desiccator, the contents were weighed. The weight difference between the samples revealed the 

presence of ash. The ash content refers to the inorganic residue left as a percentage of the total 

weight of yoghurt burnt. 

3.3 Determination of rheological properties 

3.3.1 Texture evaluation 

Yoghurt samples were tested for hardness, consistency, cohesiveness, and index of viscosity 

using a texture analyzer with a 5 kg load cell. The materials' textural characteristics were examined 

using a 40 mm cylinder probe. The samples were compressed up to a distance of 30 mm using a 

probe. It was necessary to meet the following requirements in order to use the Texture analyzer: 

Prior to the test, the speed was measured at 1 mm/s, and after the test was completed, the speed 

was measured at 1 mm/s, and so on and so forth until the total speed reached 1 mm/s. A sample of 

(3×3×2.5) cm3 was utilized for each assessment of texture during texture analysis. Firmness; 

maximum compression force during extrusion thrust into sample (g), consistency; area within 

curve during extrusion thrust (g.s), cohesiveness; maximum compression force during probe 

withdrawal from sample (g), and index of viscosity; area within negative region of curve during 
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probe withdrawal were all measured (g.s). In order to get at numerical values for hardness, 

consistency, cohesion, and viscosity index, exponent software was used. 

3.3.2 Syneresis by centrifugal method 

Hassan et al. (2015) described a process for separating whey from yoghurt samples. 25 mL of 

set yoghurt was gradually transferred to 50 mL centrifuge tubes at 5℃, with minimal disturbance 

of the coagulum. The centrifuge tubes were then balanced by altering their weights and spun at 

3394 rpm for 20 minutes. The amount of whey separated at the top of the coagulum was measured 

in milliliters in centrifuge tubes. The weight fraction of the supernatant liquid (100 g/ml yoghurt) 

was used to determine whey syneresis. The volume of whey separated was proportional to the 

whey separation, and vice versa. 

Microbiological quality analysis 

For microbiological quality testing, samples of yoghurt containing the various types of yoghurt 

created were collected under sterilized conditions. The purpose of this investigation was to 

determine product safety so that sensory quality and consumer acceptability could be assessed. 

The samples were prepared according to a 1996 process recognized by the International 

Commission on Microbiological Specifications for Foods (ICMSF) (Salwa et al., 2004). All of the 

tests were carried out three times. The experiment used reagents, sample, Petri plates, distilled 

water, glassware, a burner, a spreader, and conical flasks. Samples were serially diluted up to 107 

times in Rangers Solutions. After that, the bacteria were counted using a standard method 

developed by the American Public Health Association (APHA) in 2005 (Naeem & Rizvi, 1986). 

i) Total Coliform Counts (TCC) 

MacConkey agar medium was used to assess the total coliform count (Micanel et al., 1997). 

One milliliter (ml) (1) of 10-1 to 10-3 dilutions of each yoghurt sample was transferred into a 

sterile petri dish, 15 ml of MacConkey agar media was added, and the dish was rotated for 5-

10 seconds to ensure that the samples were thoroughly mixed with the media before incubation 

at 37℃ for 24 hours. The total number of coliforms was then calculated by counting typical 

pink colonies. 
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ii) Total Yeast and Mold Count 

Yeasts and molds (Yand M) were counted on Potato Dextrose Agar (PDA) with 0.01 % 

chloramphenicol added, as described by Spitaels et al. (2014). After 0.5 ml of the sample was 

obtained and diluted to 10 ml with peptone water, 1 ml of the preparation was infected on a Potato 

Dextrose Agar plate. Finally, it was incubated at 25 to 30°C for up to 5 days. The yeast and mold 

colonies were then counted one by one. 

Statistical analyses 

The data from the various trials were subjected to two-way analysis of variance (ANOVA) and 

t-test using SAS 9.3 version. When necessary, Microsoft Excel was utilized to calculate the overall 

mean, compositional data standard error, and critical difference (using CD LSD) (Microsoft office 

2010). For chemical composition (nutritive value) analysis, averages, standard deviation, analysis 

of variance, and average test at 5 % probability (Tukey) were obtained. Data was entered in MS 

Excel before being exported to STATA/IC-13 for microbiological quality analysis. Using 

descriptive analysis, the total coliform count (TCC) and total yeast and mold count were 

calculated. 

3.4 Sensory quality and consumer acceptability of stabilized, thickened and acid casein 

enriched yoghurt 

3.4.1 Samples 

The following samples were analyzed: Y CONTROL (Yoghurt containing no acid casein or 

skim milk powder), YA (Yoghurt containing acid casein), YMP (Yoghurt containing skim milk 

powder), YC (Yoghurt containing cornstarch), YG (Yoghurt containing gelatin), YB (Yoghurt 

containing bulla flour), YM (Yoghurt containing matoke flour), YBA (Yoghurt containing bulla 

flour and acid casein), YMA (Yoghurt containing matoke flour and acid casein), YCA (Yoghurt 

containing corn starch and acid casein), YBG (Yoghurt containing bulla flour and gelatin), YMG 

(Yoghurt containing matoke flour and gelatin), YCG (Yoghurt containing corn starch and gelatin), 

YBAG (Yoghurt containing bulla flour, acid casein and gelatin), YMAG (Yoghurt containing 

matoke flour, acid casein and gelatin), YCAG (Yoghurt containing corn starch, acid casein and 

gelatin). The selection criteria were created as part of an ongoing new dairy development/milk 

value addition initiative aimed at producing a stable, thicker, acid casein richer yoghurt. All 

measurements and evaluations were performed on freshly prepared and cooled yoghurt samples. 



70 

 

3.4.2 Subjects 

Subjects were recruited at Egerton University's Njoro Campus via a mail-in questionnaire, 

short interviews, and consent gained by phone calls with face-to-face verification. Customers were 

picked based on their age (20 to 45 years), gender (40 % males and 60 % women), and whether or 

not they were regular yoghurt drinkers (minimum intake of one a week). In the latter category, 

consumers with a variety of yoghurt preferences were put together. For the sample acceptability 

test, a total of 120 participants were recruited. Prior to the multiple tests, it was found that none of 

the volunteers were allergic to milk or dairy products. They were all finished with their 

experiments. 

3.4.3 Sensory evaluation 

Individual tasting booths were employed in the testing, which were conducted in the 

Department of Dairy, Food Science and Technology's sensory evaluation room (DAFTEC). The 

yoghurt samples came in white plastic cups with random digit numbers coded on them and were 

served cold. Still mineral water was used as a palate cleanser. A set of vocabulary (descriptors) 

was built using information from the bibliography to define the features of yoghurt samples 

(Civille & Lyon, 1996; Hunter & Muir, 1993). The usefulness of these descriptors for describing 

the sensory qualities of the yoghurt samples was assessed by a group of ten people who had 

previously evaluated differences in sensory characteristics/attributes in other dairy products using 

the checklist provided (Damasio & Costell, 1991). The ten participants put the samples to the test 

and discussed which features were the most suited. They were given the chance to suggest new 

terms. The final list, which contains adjectives for appearance/texture, body/mouth feel, taste, 

smell/odour, and color of the samples. Another 10 volunteers from DAFTEC's sensory evaluation 

section were trained in a series of sessions following the ISO 8586-1 (1993) requirements. The 

first meeting's purpose was to develop descriptors, identify sample evaluation procedures, and 

reach a consensus on a final scorecard. (1) Appearance/texture (thin, thick, smooth, rough, whey, 

etc.) was one of the qualities (descriptors) mentioned. (2) Body/mouth sensations, which were 

categorized as thin, firm, thick, and so on. (3) Tastes were categorized as bland, sour, harsh, and 

so on. (4) Smell/odour was divided into three categories: acid/sour, plain, and cooked milk odour 

(odour sensation linked with heated milk, for example).  

During the other training sessions, each participant evaluated the intensity of the relevant 

attributes for several yoghurt samples in separate booths. The intensity of each attribute was graded 
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on a scale with 'weak' at the bottom and'strong' at the top. Following that, the participants reviewed 

their individual outcomes in order to come up with a set of evaluation criteria that they could all 

agree on. During six sessions, the yoghurt samples were descriptively examined in duplicate, with 

each participant assessing all of the samples in each session. A reference sample (commercial plain 

yoghurt) and a scorecard were supplied at the start of each session. As a result, the participants 

were able to come up with the right context for each scale. The reference sample was deleted 

before examining the actual yoghurt samples. The color qualities were first evaluated. Then there 

were the smell/odour, appearance/texture, taste, and body/mouth feel characteristics. 

Consumers, on the other hand, rated the general acceptability of the yoghurt samples on a nine-

point hedonic scale ranging from 1 (severe dislike) to 9 (like extremely). The samples were 

dispersed monadically to the consumers in a well-balanced manner to avoid spillover effects 

(MacFie et al., 1989). The consumer test was split into two parts, one in the morning and the other 

in the afternoon. Consumers were provided details on how the test would be conducted. 

The 120 participants were given yoghurt samples with no more information except labels 

(blind testing) and asked to score their general acceptability on a nine-point scale. Similarly, 15 g 

of yoghurt samples were served chilled in white plastic cups to trained panelists undergoing 

testing, along with mineral water for mouth rinse. 

3.4.4 Data analyses 

A two-way ANOVA was used to analyze the sensory ratings resulting from the attributes 

assessed, as well as the acceptability data, with the yoghurt samples and consumers as sources of 

variation. Principal Component Analysis was also used on the mean values of sample attribute 

intensity (PCA). 

3.5 Willingness to adopt stabilized, thickened and acid casein enriched fermented milks by 

small scale milk processors  

3.5.1 Study area 

The study took place in Nakuru County's Dundori (peri-urban area) and Olenguruone (rural area) 

Divisions in Kenya's Rift Valley region. Dundori is a Kenyan settlement located in the Rift Valley. 

Olenguruone is a Rift Valley settlement, a community, and a collection of structures where people 

live and work. The study concentrated on the community of Olenguruone, which was located in a 

rural setting. A rural area is an area outside of cities and towns that is frequently agricultural, has 
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a low population density, and has tiny settlements. Peri-urban areas are the result of the peri-

urbanisation process; they are a transition zone between the city and the countryside, or a rural-

urban interface. The Dundori region, which represents the peri-urban milk value chain system, is 

home to small-scale milk production. Many of the smallholder farmers in these study regions 

practiced mixed agriculture, which entails rearing small animals while also growing food and 

revenue crops. A map of the study area is shown in Figure 3. 

 

 

Figure 3: Map of study area 

3.5.2 Research design 

Three small-scale processors, farmer groups and farmers who delivered milk to Wanyororo 

cooperative society in Dundori and Olenguruone cooperative societies, Olenguruone and 

Kaplamai branches were surveyed. Wanyororo cooperative society was the only milk collection 

facility that produced and sold strawberry flavored yoghurt during the trial; small-scale processors 

included White Dezert, a Nairobi-based SME, and Molito Dairy, a Limuru-based SME. The three 
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small-scale CPUs were particularly chosen for their practicality. The operators of these small-scale 

processors' desire to adopt novel milk processing processes played a role in the selection process 

as well. 

During demonstrations on yoghurt processing utilizing innovative additions and simple 

equipment like an incubating basket, ten farmers from each cooperative society and the operators 

of the three small-scale processors took part (a locally woven basket that is insulated using local 

materials like black cloth and polyethene). Farmers and small-scale processors were polled about 

their use of yoghurt processing processes. In addition, the type of technology used was rated to 

establish the technology's adoption score (each new additive used in yoghurt processing). Each 

farmer's adoption index was derived by dividing his or her individual score by the total score 

available and expressing the result as a percentage. The farmers were separated into four groups 

based on their level of adoption as assessed by the adoption index (non-adopters, low adopters, 

medium adopters, and high adopters). Non-adopters were referred to as such in the first two 

categories, while adopters were referred to in the last two. Farmers took part in focus groups and 

interviews to determine the reasons (constraints) for not adopting the technologies given. To 

calculate the amount of constraint, the number of farmers experiencing a constraint was divided 

by the total number of farmers and expressed as a percentage. 

3.5.3 Statistical analyses 

The data was analyzed using the Statistical Suite for Social Sciences (SPSS) computer software 

package. The proportions of adopters and non-adopters were compared using cross tabulation 

(contingency tables) based on their individual characteristics. Chi-square tests were done to see if 

there was a link between adoption and the aforementioned constraints. A standard linear regression 

model (logit model) was used in a binary choice for the various outcomes (adoption versus non-

adoption of technology). The model included exogenous factors, which were obtained directly 

from the farmers. This model is used to assess the success of technology adoption by providing 

empirical estimates of how changes in these exogenous variables influence adoption probability 

(Nkonya et al., 1997). 

Logistic regressions with odds ratios were used to calculate the coefficients of explanatory 

variables hypothesized to influence farmer attitudes toward milk processing technology adoption. 

The amount of technology adoption was the dependent variable in this study, while the 

independent variables were ten non-adoption factors (constraints), most of which were 
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socioeconomic difficulties. The adoption level was categorized as a dichotomous variable (adopter 

= 1/ non-adopter = 0), and all of the independent factors were categorical as well. Correlation 

analysis was used to analyze the relationship between independent variables and to identify any 

existing multi-collinearity. Farmers who implemented technology at a medium or higher degree 

received a 1, while those who did not received a 0. Logistic regressions with odds ratios were used 

to calculate the coefficients of explanatory variables hypothesized to influence farmer attitudes 

toward milk processing technology adoption. The amount of technology adoption was the 

dependent variable in this study, while the independent variables were ten non-adoption factors 

(constraints), most of which were socioeconomic difficulties. The adoption level was categorized 

as a dichotomous variable (adopter = 1/ non-adopter = 0), and all of the independent factors were 

categorical as well. Correlation analysis was used to analyze the relationship between independent 

variables and to identify any existing multi-collinearity. Farmers who implemented technology at 

a medium or higher degree received a 1, while those who did not received a 0. Farmers' technology 

adoption was classified as follows: (1 = adopters, 0 = non-adopters); age was classed as follows: 

(0 = under 30 years, 1 = 30 to 49 years); and age was classified as follows: (0 = under 30 years, 1 

= 30 to 49 years). Farm size represented as crop land (0 = 0.20 ha, 1 = 0.20 to 0.99 ha, 2 = 1 ha 

and more); household total income as (0 = Ksh.5000, 1 = Ksh.5000 to 10000, 2 = >Ksh.10000); 

farm size represented as crop land (0 = 0.20 ha, 1 = 0.20 to 0.99 ha, 2 = 1 ha and more); farm size 

represented as crop land (0 = 0.20 ha, 1 = 0.20 to 0.99 ha, 2 = 1 ha and more); Total household 

income was classified as (0 = Ksh.5000, 1 = Ksh.5000 to 10000, 2 = >Ksh.10000); experience in 

dairy farming was classified as (0 = 10 years, 1 = > 10 years, 2 = 20 years and above); credit 

received for dairy farming was classified as (0 = no, 1 = yes); extension service was classified as 

(0 = no, 1 = yes); livestock was classified as (0 = no, 1 = yes); and agro-ecological zones were 

classified as (0 = hilly, 1 = had rivers, 2 = peri-urban). 
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CHAPTER FOUR 

RESULTS 

4.1 The nutritive value (chemical composition) of acid casein enriched yoghurt 

The chemical composition parameters of acid casein yoghurt and skim milk powder yoghurt 

are compared in Table 4. Table 5 summarizes the mean physicochemical parameters of the various 

yoghurt recipes used to manufacture stabilized and acid casein enriched yoghurt. When the 

superscript lowercase letters in the same column were the same, the Tukey Test (p <0.05) revealed 

no significant difference between the yoghurt samples under consideration. In terms of protein, 

carbs, and minerals, the acid casein yoghurt and the yoghurt with skim milk powder did not vary 

significantly. Fats, moisture, and acidity were all different between these two yoghurt samples. 

Table 4: The chemical composition of acid enriched yoghurt and skim milk powder enriched 

yoghurt 

Mean chemical composition 

parameters (%) 

Yoghurt samples 

Yoghurt containing acid 

casein 

Yoghurt containing skim 

milk powder 

Proteins 5.0a± 1 5.0a± 1 

Carbohydrates 13.5c± 0.3 13.8c± 0.3 

Fats 3.3a± 0.1 3.0b± 0.1 

Moisture  88a ± 1 85d ± 1 

Minerals 0.7b ± 0.01 0.6b ± 0.02 

Acidity 

(% of lactic acid) 

1d ± 0.1 0.7e ± 0.05 

Different superscript letters within the same row showed significant differences between the 

samples (P<0.05). 
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Table 5: The physico-chemical composition of other yoghurt recipes advanced in the new 

dairy product development 

 

YOGHURT 

SAMPLES 

Mean physicochemical parameters (%) 

Proteins Carbohydrates Fats Moisture 

(%) 

Minerals 

(%) 

Acidity 

(% la) 

pH 

YBAG 5.6a± 1 15.3a± 0.3 3.6a± 0.1 88a ± 1 1a ± 0.2 1a ± 0.2 4.6a ± 0.1 

YMAG 5.3a± 1 15.7a± 0.3 3.5a± 0.1 79b± 0.5 1a ± 0.2 1b ± 0.1 4.6a ± 0.1 

YCAG 5.5a± 1 15.8a± 0.3 3.3a± 0.1 85a ± 1 1a ± 0.2 1a ± 0.2 4.6a ± 0.1 

YBG 5.1a± 1 13.6c± 0.1 0.9b± 0.1 85d ± 1 1a ± 0.2 1c ± 0.02 4.6a ± 0.1 

YMG 5.0a± 1 13.8c± 0.1 0.9b± 0.1 82c ± 1 

 

0.7b ± 0.01 1d ± 0.1 4.6a ± 0.1 

YCG 5.1a± 1 13.6c± 0.1 0.9b± 0.1 85d ± 1 1a ± 0.2 1c ± 0.02 4.6a ± 0.1 

YBA 5.2a± 1 14.6b± 0.2 3.4a± 0.1 85d ± 1 0.6b ± 0.02 0.7e ± 0.05 4.6a ± 0.1 

YMA 4.9c± 1 14.9b± 0.2 3.3a± 0.1 79b± 0.5 

 

1a ± 0.2 1a ± 0.2 4.6a ± 0.1 

YCA 5.1a± 1 14.5b± 0.2 3.3a± 0.1 83d ± 1 0.7b ± 0.02 0.6e ± 0.05 4.6a ± 0.1 

YB 4.4b± 1 13.3c± 0.2 1.0b± 0.1 88a ± 1 1a ± 0.2 1b ± 0.1 4.6a ± 0.1 

YM 4.3b± 1 13.4c± 0.2 1.0b± 0.1 82c ± 1 1a ± 0.2 1c ± 0.02 4.6a ± 0.1 

YC 4.2b± 1 13.2c± 0.2 1.0b± 0.1 85a ± 1 1a ± 0.2 1b ± 0.1 4.6a ± 0.1 

Different superscript letters within the same column showed significant differences between the 

samples (P<0.05). 

 

YBAG (Yoghurt containing bulla flour, acid casein and gelatin), YMAG (Yoghurt containing 

matoke flour, acid casein and gelatin), YCAG (Yoghurt containing corn starch, acid casein and 

gelatin), YBG (Yoghurt containing bulla flour and gelatin), YMG (Yoghurt containing matoke 

flour and gelatin), YCG (Yoghurt containing corn starch and gelatin), YBA (Yoghurt containing 

bulla flour and acid casein), YMA (Yoghurt containing matoke flour and acid casein), YCA 

(Yoghurt containing corn starch and acid casein), YB (Yoghurt containing bulla flour), YM 

(Yoghurt containing matoke flour) and YC (Yoghurt containing corn starch). 

     In YMA, YB, YM, and YC, the protein value was different and lower. The carbohydrate value 

in YBA, YMA, and YCA was lower than in YBG, YMG, YCG, YB, YM, and YC. In YBG, YMG, 
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YCG, YB, YM, and YC, the fat value was different and lower. Moisture value was different 

between YMAG and YMA and YBAG and YB, with the lowest in YMAG and YMA and the 

greatest in YBAG and YB. The mineral value in YMG, YBA, and YCA was different and lowest. 

In YBA and YCA, the acidity value was distinct and lowest. All of the yoghurt samples had the 

same pH value. 

4.2 Rheological properties of yoghurt samples 

Table 6 and 7 summarize rheological properties and syneresis analysis of the yoghurt samples 

respectively. The bargraphs depict the rheological properties: firmness, consistency, cohesiveness, 

and viscosity index (Appendix Four).  

Table 6: Rheological properties of yoghurt samples 

 

YOGHURT 

SAMPLES 

RHEOLOGICAL PARAMETERS 

Firmness (g) Consistency 

(g.sec) 

Cohesiveness (g) Viscosity Index 

(g.sec) 

Y (Control) 308.37b±2.14 7887.73b±318.93 -155.01b±16.72 -288.17a±14.47 

YA 457.27a±3.97 8134.53a±311.11 -213.27a±18.14 -299.77a±14.44 

YSP 344.47b±3.06 7991.49b±307.16 -173.12b±17.58 -291.14a±15.23 

YC 354.47b±3.13 7988.42b±310.02 -169.19b±16.91 -295.22a±14.99 

YG 403.26a±2.71 8137.33a±311.84 -215.07b±17.24 -290.16a±14.77 

YB 638.37b±3.49 8177.43b±315.57 -326.01b±18.36 -318.17a±15.54 

YM 389.37a±3.19 7901.73a±314.98 -166.01a±17.81 -299.17a±13.65 

YC 599.40b±3.33 8033.33b±314.51 -301.04b±18.34 -319.13a±15.52 

YBA 644.43b±4.16 8211.58b±316.73 -344.13b±17.33 -392.23b±15.13 

YMA 422.23a±4.29 7976.35a±319.11 -196.15a±17.19 -300.26a±14.46 

YCA 631.41b±4.14 8179.53b±314.13 -333.14b±17.27 -381.21b±14.14 

YBG 649.56b±4.80 8344.18b±315.33 -360.11b±17.87 -401.14b±13.17 

YMG 434.34a±4.69 7990.35a±320.21 -200.17a±17.66 -304.11a±14.16 

YCG 624.51b±4.77 8269.17b±311.30 -355.10b±17.69 -400.12b±13.15 

YBAG 669.77b±4.99 8394.39a±317.46 -387.09b±17.99 -411.14b±14.19 

YMAG 457.45a±4.89 8030.25a±319.02 -209.78a±17.89 -334.01a±14.22 

YCAG 655.69b±4.77 8286.34a±316.44 -379.07b±17.81 -409.13b±14.17 
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Different superscript letters within the same column showed significant differences between the 

samples (P<0.05). 

 

Y Control (Yoghurt containing no acid casein or skim milk powder), YA (Yoghurt containing 

acid casein), YSP (Yoghurt containing skim milk powder), YC (Yoghurt containing cornstarch), 

YG (Yoghurt containing gelatin), YB (Yoghurt containing bulla flour), YM (Yoghurt containing 

matoke flour), YC (Yoghurt containing corn starch), YBA (Yoghurt containing bulla flour and 

acid casein), YMA (Yoghurt containing matoke flour and acid casein), YCA (Yoghurt containing 

corn starch and acid casein), YBG (Yoghurt containing bulla flour and gelatin), YMG (Yoghurt 

containing matoke flour and gelatin), YCG (Yoghurt containing corn starch and gelatin), YBAG 

(Yoghurt containing bulla flour, acid casein and gelatin), YMAG (Yoghurt containing matoke 

flour, acid casein and gelatin), YCAG (Yoghurt containing corn starch, acid casein and gelatin). 

The highest values of firmness were found in YCAG, YBAG, YCG, YBG, YCA, YBA, and YB. 

The maximum consistency value was found in YA, YG, YB, YC, YBA, YCA, YBG, YCG, 

YBAG, YMAG, and YCAG. YBAG had the greatest Cohesiveness and Viscosity Index values, 

which were distinct.  

  



79 

 

Table 7: Syneresis analysis of yoghurt samples 

YOGHURT SAMPLES Whey separation (ml/100g yoghurt) 

Y CONTROL  9.65a±0.02 

YA 5.95b±0.01 

YMP 6.24b±0.01 

YC 8.91a±0.02 

YG 3.13b±0.03 

YB 9.21a±0.03 

YM 6.19b±0.03 

YBA 9.01a±0.01 

YMA 6.19b±0.02 

YCA 8.79a±0.02 

YBG 4.79a±0.03 

YMG 3.99b±0.02 

YCG 4.81a±0.02 

YBAG 3.79a±0.01 

YMAG 2.44b±0.01 

YCAG 3.91a±0.02 

Different superscript letters within the same column showed significant differences between 

the samples (P<0.05). 

 

Y Control (Yoghurt containing no acid casein or skim milk powder), YA (Yoghurt containing 

acid casein), YSP (Yoghurt containing skim milk powder), YC (Yoghurt containing cornstarch), 

YG (Yoghurt containing gelatin), YB (Yoghurt containing bulla flour), YM (Yoghurt containing 

matoke flour), YC (Yoghurt containing corn starch), YBA (Yoghurt containing bulla flour and 

acid casein), YMA (Yoghurt containing matoke flour and acid casein), YCA (Yoghurt containing 

corn starch and acid casein), YBG (Yoghurt containing bulla flour and gelatin), YMG (Yoghurt 

containing matoke flour and gelatin), YCG (Yoghurt containing corn starch and gelatin), YBAG 

(Yoghurt containing bulla flour, acid casein and gelatin), YMAG (Yoghurt containing matoke 

flour, acid casein and gelatin), YCAG (Yoghurt containing corn starch, acid casein and gelatin). 

In Y CONTROL, YB, and YBA, whey separation was statistically distinct and greatest. 
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Microbiological quality analysis 

In yoghurt samples, total coliform counts were 0.00±0.00, whereas total yeast and mold levels 

were 0.00±0.00.  

4.3 Sensory quality and consumer acceptability of stabilized, thickened and acid casein 

enriched yoghurt 

A two-way ANOVA fixed model was used to plot the sensory ratings obtained from the factors 

examined, with yoghurt samples and individuals as sources of variance. There were variances in 

the features of the yoghurt samples, as shown in Table 8. The attributes for appearance/texture, 

taste, body/mouth feel, and smell/odour were all quite varied, indicating that the trained 

participants differed greatly. The hedonic scores (consumer approval) of the yoghurt samples are 

shown in Table 9. On a nine-point hedonic rating scale, Table 10 depicts the overall acceptability 

of yoghurt, as well as the mean sensory quality ratings on a seven-point scale. 

According to the Principal Component Analysis results, the components (the first three 

components) with an eigen value larger than 1 accounted for 95 % of the data variability. One of 

the factors, which was mostly related to body/mouth feel and appearance/texture quality, 

accounted for 59.85% of total variability. All yoghurt samples with matoke flour were found to be 

less firm than yoghurt samples containing bulla flour. The second factor, which was largely 

affected by taste, accounted for 24.03 % of the total variation. All yoghurt samples using matoke 

flour were said to have a greater flavor. Bulla flour yoghurt had a milder flavor than the other 

yoghurt samples. The third component was mostly related to smell/odour, accounting for 11.12 % 

of the variance. All of the yoghurt samples containing matoke flour had a sour odor. Only the bulla 

flour and acid-casein yoghurt samples had a sour odor. 
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Table 8: Sensory evaluation of yoghurt samples’ attributes (descriptive) 

Yoghurt 

sample 

Sensory quality attributes 

Odour/smell  Taste  App/ texture Mouth feel 

(Body) 

Colour 

YBAG Slightly sour Slightly 

sour 

Smooth Very firm Slightly plain 

YMAG Sour/pleasant Harsh Slightly smooth Firm Very intense 

YCAG Slightly sour Flat/plain Slightly rough Slightly firm Too light 

YBG Plain Slightly 

sour 

Smooth Very firm Slightly plain 

YMG Sour/pleasant Too Harsh Slightly smooth Firm Intense 

YCG Slightly sour Flat/plain Slightly rough Slightly firm Too light 

YBA Slightly sour Slightly 

sour 

Smooth Very firm Less intense 

YMA Sour/pleasant Harsh Slightly watery Firm Intense 

YCA Slightly sour Sour Slightly rough Slightly firm Too light 

YB Plain Slightly 

sour 

Smooth Firm Plain 

YM Sour/pleasant Harsh Slightly watery Slightly firm Intense 

YC Slightly sour Slightly 

sour 

Smooth Slightly firm Too light 

YA Sour/pleasant Very sour Slightly rough Slightly thin Light 

YMP Sour/pleasant Too Harsh Slightly smooth Very firm Intense 

YG Too plain Flat/plain Slightly smooth Firm Slightly plain 

Y CTRL Plain Sour Smooth Slightly firm Plain 

  

In terms of odour/smell YBG, YB and Y CTRL, YCAG, YCG and YG were flat/plain while 

YMG and YMG were too harsh. YMA and YM were slightly watery while YCAG, YCG, YCA 

and YA were slightly rough. YA was slightly thin while YBAG, YBG, YBA and YMP were very 

firm. In terms of colour YB and Y CTRL were plain while YMAG was very intense. 
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Table 9: Hedonic scores (consumer acceptability) of the yoghurt samples 

Yoghurt sample Overall acceptability 

YBAG 8d Liked very much 

YMAG 7d Liked moderately 

YCAG 6c Liked slightly 

YBG 7d Liked moderately 

YMG 6c Liked slightly 

YCG 5c Neither liked or disliked 

YBA 7d Liked moderately 

YMA 6c Liked slightly 

YCA 4b Disliked slightly 

YB 7d Liked moderately 

YM 6c Liked slightly 

YC 3b Disliked moderately 

YA 2a Disliked very much 

YMP 6c Liked slightly 

YG 2a Disliked very much 

Y CONTROL 2a Disliked very much 

Means within a column with common superscripts do not differ significantly (α≤ 0.05). 

YBAG was likely very much while YG and Y CONTROL were disliked very much. 
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Table 10: Mean scores of sensory properties on a seven-point scale and overall acceptability 

of yoghurt on a nine-point hedonic rating scale 

Yoghurt 

samples 

Descriptive sensory quality properties/attributes scores Overall 

acceptability Odour/smell  Taste  App/ 

texture 

Mouth feel 

(Body) 

Colour 

 

YBAG Slightly sour Slightly 

sour 

Smooth Very firm Slightly 

plain 

Liked very 

much 

YMAG Sour/pleasant Harsh Slightly 

smooth 

Firm Very 

intense 

Liked 

moderately 

YCAG Slightly sour Flat/plain Slightly 

rough 

Slightly firm Too light Liked slightly 

YBG Plain Slightly 

sour 

Smooth Very firm Slightly 

plain 

Liked 

moderately 

YMG Sour/pleasant Too 

Harsh 

Slightly 

smooth 

Firm Intense Liked slightly 

YCG Slightly sour Flat/plain Slightly 

rough 

Slightly firm Too light Neither liked 

or disliked 

YBA Slightly sour Slightly 

sour 

Smooth Very firm Less 

intense 

Liked 

moderately 

YMA Sour/pleasant Harsh Slightly 

watery 

Firm Intense Liked slightly 

YCA Slightly sour Sour Slightly 

rough 

Slightly firm Too light Disliked 

slightly 

YB Plain Slightly 

sour 

Smooth Firm Plain Liked 

moderately 

YM Sour/pleasant Harsh Slightly 

watery 

Slightly firm Intense Liked slightly 

YC Slightly sour Slightly 

sour 

Smooth Slightly firm Too light Disliked 

moderately 

YA Sour/pleasant Very 

sour 

Slightly 

rough 

Slightly thin Light Disliked very 

much 

YMP Sour/pleasant Too 

Harsh 

Slightly 

smooth 

Very firm Intense Liked slightly 

YG Too plain Flat/plain Slightly 

smooth 

Firm Slightly 

plain 

Disliked very 

much 

Y CTRL Plain Sour Smooth Slightly firm Plain Disliked very 

much 

Means within a column with common superscripts do not differ significantly (α≤ 0.05). 
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YBAG (Yoghurt containing bulla flour, acid casein and gelatin), YMAG (Yoghurt containing 

matokeflour, acid casein and gelatin), YCAG (Yoghurt containing corn starch, acid casein and 

gelatin), YBG (Yoghurt containing bulla flour and gelatin), YMG (Yoghurt containing matoke 

flour and gelatin), YCG (Yoghurt containing corn starch and gelatin), YBA (Yoghurt containing 

bulla flour and acid casein), YMA (Yoghurt containing matoke flour and acid casein), YCA 

(Yoghurt containing corn starch and acid casein), YB (Yoghurt containing bulla flour), YM 

(Yoghurt containing matoke flour), YC (Yoghurt containing cornstarch), YA (Yoghurt containing 

acid casein), YMP (Yoghurt containing skim milk powder), YG (Yoghurt containing gelatin) and 

Y CTRL (Yoghurt containing no acid casein or skim milk powder). 

YBAG that was liked very much had slightly sour smell and taste, smooth textue, very firm body 

and slightly plain colour. YG that was disliked very much was too plain in terms of smell, had a 

flat/plain taste, slightly smooth texture, firm body and slightly plain colour. Y CONTROL that 

was also disliked very much was plain in terms of smell, had a sour taste, smooth texture, slightly 

firm body and plain colour. 

The data from consumer acceptance testing was also analyzed using ANOVA to gather 

information about the significance differences among like scores for samples. Overall, the yoghurt 

samples with bulla and matoke flours were the most popular. The casein enrichment and mix of 

stabilizers and thickeners in the yoghurt samples were the most popular.  The hedonic scale used 

was a nine-point scale ranging from 1=disliked extremely to 9=liked extremely. The other scores 

were 2=disliked very much, 3=disliked moderately, 4=disliked slightly, 5=neither liked or 

disliked, 6=liked slightly, 7=liked moderately and 8=liked very much. Hedonic scores (consumer 

acceptability) of the yoghurt samples are shown in Table 8.  

When mean scores of sensory properties on a seven-point scale were compared with overall 

acceptability of yoghurt on a nine-point hedonic rating scale, the following was observed: Yoghurt 

containing bulla flour, acid casein and gelatin was liked very much; it was slightly sour, smooth 

in texture, very firm in mouth feel or body and slightly plain in colour. The other yoghurt samples 

containing bulla flour were all liked moderately. Yoghurt containing matokeflour, acid casein and 

gelatin was moderately liked while all the other yoghurt samples containing this flour were slightly 

liked. Compared to the yoghurt containing bulla flour, acid casein and gelatin, the yoghurt 

containing matoke flour, acid casein and gelatin had a sour/pleasant odour, an intense taste and 

colour, a slightly smooth texture and firm in mouth feel. Yoghurt containing corn starch, acid 
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casein and gelatin was slightly liked while the other samples containing corn starch were neither 

liked or disliked when combined with gelatin, disliked slightly when combined with acid casein 

and disliked moderately when the yoghurt sample contained only cornstarch as the only additive 

used.  

Yoghurt containing acid casein as the only additive used was disliked very much while the 

sample containing skim milk powder as the only additive was liked slightly. Yoghurt containing 

gelatin alone was disliked very much. Yoghurt containing corn starch, acid casein and gelatin was 

slightly sour in odour, flat/plain in taste, slightly rough in texture, slightly firm in mouth feel and 

too light in colour. Yoghurt containing acid casein as the only additive was slightly sour in odour 

and taste, smooth in texture, slightly firm in mouth feel and too light in colour. The sample 

containing skim milk powder as the only additive had a sour/pleasant odour, too harsh in taste, 

slightly smooth in texture, very firm in mouth feel and intense in colour.  Yoghurt containing 

gelatin alone was plain in odour and taste, slightly smooth in texture, firm in mouth feel and 

slightly plain in colour. 

4.4 Willingness to adopt stabilized, thickened and acid casein enriched yoghurt by small 

scale milk processors  

4.4.1 Farm household characteristics 

The age of farmers and their experience in dairy farming were linked to the development of 

dairy products (fermented milk) and the use of milk processing equipment (Table 10). The majority 

of the farmers were between the ages of 30 and 49, with around 60 % having less than 10 years of 

experience in the dairy industry. Using Chi-square statistics, it was discovered that age and dairy 

farming experience were substantially connected to adoption categories (medium adopters and 

high adopters). As the farmers' ages climbed, the likelihood of adoption decreased. Around 20 % 

of farmers had completed secondary school or received post-secondary education. Around 40 % 

of farmers had small plots of land and 35 % had medium plots (less than 1 hectare); nevertheless, 

there was no significant link between land size and the usage of milk processing technologies 

(Table 11). For over 25 % of farmers, dairy farming was their principal source of income. 

For p<0.05 and p<0.01, the correlation coefficients between farm household characteristics 

were r = -0.044 to 0.347, respectively. There was no evidence of multi-collinearity because the 

correlation coefficients between all of the independent variables were lower. The magnitude of the 

drop or increase in adoption level in terms of increasing the level of independent variables from 
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lower to upper level was represented by the values of β-coefficients. Farmers' age and farm size 

were inversely related with processing technology adoption, whereas education and farming 

experience, as well as income, were favourably associated. When compared to the age group less 

than 30 years, the odds ratios of adoption were 40 and 30 % lower among farmers aged 30 to 49 

years and beyond 50 years, respectively. In comparison to non-educated farmers, farmers with a 

primary education were 3.16 times more likely to employ fermented milk processing methods, 

while those with a secondary degree were 9.31 times more likely (Table 12). Non-educated 

farmers, according to the research, do not use new technology that has been recommended for 

adoption. Small-scale farmers, particularly those with larger farm holdings, welcomed new 

technologies in the rural study region. According to the odds ratio determined by logistic analysis, 

farmers in the middle-income category (monthly income of Ksh.5000 to 10000) were more likely 

to employ technology. Farmers with a higher level of education, better salaries, rural domicile, and 

a principal source of income from dairy farming were more likely to use modern dairy technologies 

for processing fermented milk. 

Table 11: The Relationship between the various variables and adoption using Chi-square 

test 

Variables X2 P<0.05 

Age 91.2 0.000* 

Dairy farming experience 33.3 0.015* 

Land size 35.6 0.061 

Level of education 33.9 0.000* 

Income (earnings) 10.12 0.037* 

Residence 28.2 0.000* 

Primary source of income (farmin) 12.63 0.006* 
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Table 12: Factors associated with being obese in the Swahili community 

Factor Obesity 

OR 95% CI P value 

Level of education (primary education) 3.16 0.62,2.66 0.011* 

Level of education 9.31 0.27,0.88 0.018* 

OR- Odds of adoption when one is educated, P<0.05, CI- Confidence Interval 

4.4.2 Adoption and non-adoption of milk processing technology by farmers and SMEs 

The elements that influenced the decision to apply innovative additives in the manufacturing 

of fermented milk were investigated. The primary motive for farmers to embrace milk processing 

technology was to increase and stabilize their revenue from the sale of the dairy products they 

produce, so improving their livelihoods. Small-scale processors/small and medium businesses 

(SMEs) cited a need to diversify their goods, increase sales, and contribute to consumer health by 

making and distributing nutritious dairy products. The high cost of processing inputs 

(ingredients/additives, equipment, and fuel), according to some farmers, was the main reason for 

non-adoption. Processors liked the proposed ingredients/additions since they would replace 

expensive yoghurt additives like skim milk powder and cornstarch. Farmers' subsequent reasons 

for non-adoption included the need to dedicate time and supervise processing activities. Farmers' 

failure to adopt dairy farming technology was blamed on a lack of cash to purchase the essential 

materials, as well as the need for more expensive labor and a lack of information and awareness. 

Non-adopters and low-adopters accounted for 40.4 % of farmers. The remaining farmers were 

divided into two groups: medium adopters (39 %) and high adopters (20.6 %). 

The rural study area of Olenguruone had a high rate of technological adoption. Another 

probable explanation is that dairy farming was the principal source of income for most farmer 

households, and farmers were interested in fermented milk processing because traditional 

fermented milk was already commonly consumed in this region. It was also suggested during focus 

group discussions in the rural study area that the production of varied fermented milks using new 

additives will inspire farmers to produce more milk from their dairy farms. Socio-economic 

characteristics were not substantially associated to processing technology adoption among farmers 

in the 'no' and 'low' level groups. Farmers of all stripes (adopters and non-adopters) faced a variety 

of obstacles when it came to using the fermented milk (yoghurt) processing technology. The 
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majority of farmers indicated they didn't know much about milk processing and did not know how 

to use technology. 

Farmers in rural research regions said that no dairy cooperative society took the initiative to 

create and market dairy products in the study areas; instead, the focus was on collecting and 

cooling raw milk for processing firms to collect. According to the interviews, the majority of 

farmers (64 %) lacked knowledge of how to turn raw milk into value-added products because they 

didn't make enough money from it. Low education was also mentioned as a hindrance to milk 

processing technology adoption. 
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CHAPTER FIVE 

DISCUSSION 

5.1 The chemical composition (nutritive value) of yoghurt samples 

A high-protein yoghurt was created by mixing acid casein and skim milk powder with plain 

yoghurt. When it comes to proteins, it's hard to go wrong with acid casein or skim milk powder. 

There are a number of amino acids in casein, which is a protein. Pasteurized milk is largely drained 

of fat and water, but the protein content is preserved. SMP (Skim Milk Powder) is the result. Skim 

milk powders may be added to yoghurt as part of the process of increasing total solids. In this 

research, casein, a protein-rich milk coagulation product, was utilized to substitute expensive skim 

milk powders. Smallholder milk collecting facilities have significant post-harvest losses as a result 

of acidic milk (coagulated milk). Casein is found in large concentrations in this milk, despite the 

fact that it has been rejected for being of low quality and having failed an alcohol test. In this study, 

casein was extracted from both high acid milk and raw cow's milk due to the presence of casein in 

the latter. Yogurt and other fermented milk products may be enriched with native milk 

components. 

Skimmed milk powder, whey protein concentrates or casein powder are often used to boost the 

milk mixture's SNF concentration and, therefore, the yogurt's hardness and cohesiveness (Walstra 

et al., 2006). The stiffness and resistance to syneresis of yoghurt gels improves as the protein 

content rises, according to Schkoda et al. (2001). According to Dave and Shah (1998) and Bhullar 

et al. (2002), Whey protein concentrates (WPC) increase yoghurt's hardness and viscosity, but 

whey powder (WP) does not seem to be enough to alter its quality profile. 

Puvanenthiran et al. (2002) replaced skim milk powder (SMP) with WPC in different ratios 

and found that elevating the whey to casein ratio was related with higher fermentation time, 

gelation pH, and hardness while the syneresis defect was controlled. Guzman-Gonzalez et al. 

(1999, 2000) studied a variety of protein additives, SMP, WPC, caseinates, and dairy blends were 

all investigated, and caseinates were shown to increase firmness and syneresis prevention the most, 

whereas WPC did not improve texture while minimizing wheying loss. the presence of protein is 

thought to improve the textural properties of yoghurt (Tamime & Robinson, 2007). 

Yogurt blends may benefit from the addition of a variety of dairy ingredients to boost their 

milk solids-not-fat content, including skim or whole milk powders, milk protein concentrates, 

condensed milk, buttermilk powder, whey protein powders, microparticulated whey protein, and 
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caseins (sodium, calcium, or sodium-calcium). Yogurt's consistency may be improved by mixing 

in condensed skim milk while making it, according to Schulz (1949). A thicker and firmer yoghurt 

has been made for many years by adding milk powder to the milk (Pette & Lolkema, 1951). 

Todoric and Savadinovic (1973) reported that dried skim milk may be substituted with up to 3% 

dry whey in the production of yoghurt. According to Horton et al. (1972), whey protein 

concentrations from liquid cottage cheese might be utilized to make yoghurt. 

Milk protein concentrates, skim milk powders and whey protein concentrates were added to 

yoghurt at a concentration of 0.5% to 1.5%, depending on the method used to manufacture them, 

Modler et al. (1983) discovered that gel firmness was higher and syneresis (defined as liquid whey 

phase on the top resulting from gel shrinkage) was lower when caseinate was added Bong and 

Moraru (2014) developed a method for making Greek-style yoghurt that included the use of 

micellar casein concentrate to improve the protein content of the milk. Trachoo and Mistry (1998) 

fortified skim milk with ultrafiltered sweet buttermilk and sweet buttermilk powder in the 

preparation of nonfat and low-fat yoghurts. Saffon et al. (2013) discovered that replacing 

powdered skim milk with heat-denatured aggregates of buttermilk concentrate and whey protein 

concentrate in set-type yoghurt improved the yoghurt's textural properties. 

Although gelatin has a high protein content compared to other protein sources, it is lacking in 

nutrients. From its qualities as a protective hydrocolloid, gelatin may be employed to modify the 

physical properties of meals. At a minimum, a protein content of 2.7% is recommended by the 

Codex Standard (2003 edition). Product values have risen as a consequence of the value added. 

Since the dawn of time, food has relied on stabilizers to keep it safe for consumption. Many dairy 

products, as well as traditional cuisines, now include stabilizers because of their beneficial 

characteristics (Dickinson, 2009). The presence or absence of milk lipids and bacterial 

exopolysaccharides have a significant impact on viscosity, smoothness, thickness and stress 

resistant structural features of yogurt (Harwalkar & Kalab, 1986; Jaworska et al., 2005; Lee & 

Lucey, 2010; Marshall & Rawson, 1999; Skriver et al., 1999). This is more significant than the 

taste of yoghurt, which may be improved by the addition of stabilizers (Fiszman et al., 1999; 

Jaworska et al., 2005; Jimoh & Kolapo, 2007; Lucey, 2002; van Vliet et al., 1997). Stabilizers in 

yoghurt include seaweed extracts (carrageenan, alginates), natural and synthetic gums, and gelatin, 

all of which are by-products of food processing. For a yoghurt with a hard texture and good water-

separation resistance, these components may create gel networks (Augustin, 1999; Maha et al., 
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2011). The viscosity of the yoghurt increased with the addition of up to 2 % (w/v) stabilizer, then 

decreased until 0.4 % (w/v) stabilizer was reached. The viscosity quickly rises when additional 

stabilizers are added. A reduction in milk protein sedimentation occurred when stabilizer 

concentrations rose over the minimum viscosity threshold (Towler, 1984). 

Because of the hydrogen or carboxyl radicals in their structure, stabilizers may form a web of 

connections with milk components (Tamime & Robinson, 1999). A combination of stabilizers and 

the presence of the negative sides at the interface resulted in the water binding in the basic mix 

(Ingenpass, 1980). An increase in hydration as a result of milk proteins attaching to water and 

forming a network that prevents water from escaping (Ingenpass, 1980). Carrageenan, gelatin, 

pectin, starch (C6H10O5) n, guar gum (C12H24O12), locust bean gum (carob bean gum), sodium and 

propylene glycol alginates (C9H14O7) n, xanthan gum (C35H49O29) n, and carboxymethylcellulose 

(C8H16O8) are all employed as stabilizers in the production of yoghurt (Hagiwara et al., 1996). 

Rheological and organoleptic qualities of yoghurt are described by the use of gelling or thickening 

agents, such as gelatin, since they may postpone syneresis and produce a pleasant tongue 

experience (Amatayakul et al., 2006; Duboc & Mollet, 2001; El Sayed et al., 2002; Fiszman et al., 

1999; Jawalekar et al., 1993; Kumar & Mishra, 2004; Lal et al., 2006; Morr, 1985, 1989; Sodini 

et al., 2004). Adding 0.1–0.3 % gelatin to yoghurt improved the look, body, texture, and flavor, 

according to Shukla et al. (1988) and Shukla and Jain (1991). 

Peptide linkages in a left-hand helix with no covalent crosslinking hold most of the amino acids 

together in gelatin. Despite the fact that all of the amino acids exist, the most common ones are 

proline, hydroxyproline, and glycine (Fennema, 1994). Peptide linkages in a left-hand helix with 

no covalent crosslinking hold most of the amino acids together in gelatin. Despite the fact that all 

of the amino acids exist, the most common ones are proline, hydroxyproline, and glycine (Rolin 

& Vries, 1990). When heated to between 27 and 34°C, the gelatin melts (Imeson, 1997). Glycine-

proline-proline sequences are found in those areas where the helix structure turns left after cooling 

(Phillips & Williams, 2000). Hydrogen bonds retain the collagen-like connection sites formed by 

three of these helices, forming a three-dimensional gel structure as a consequence (Fennema, 1994; 

Harris, 1990; Imeson, 1997; Phillips & Williams, 2000). In addition to pH and setting time and 

temperature, the gel's strength is also affected by interactions with other ingredients. Gelatin gel's 

other properties might be affected by the same variables. Similarly. The environment, 

concentration, and other compounds may all have an impact on the melting point. It is possible 
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that viscosity may be affected by a combination of the following factors: pH, temperature, and 

concentration. Mouthfeel and other sensory features are affected by changes in melting point and 

viscosity (Harris, 1990; Imeson, 1997; Phillips & Williams, 2000). 

With the addition of starch, gelatin and/or acid casein to the yoghurt, the protein content was 

higher. Unlike staples like cassava, sago, and plantain, which are high in fat, protein, and minerals, 

bulla flour is mostly carbohydrate. There are 37 grams of protein for each kg of body weight. There 

were greater carbohydrate amounts in yogurt samples containing bulla and matoke flours, either 

on their own or in combination with stabilizers and/or acid casein. This might be due to the use of 

starch-rich flours. Acid casein-based yogurt samples had a greater fat content. Casein was 

extracted from non-skimmed milk by the process of coagulation. Fat was still present in the casein. 

Yogurt may have fat in it or not. The quantity of cream, milk, partly skimmed milk, or skim milk 

added to yoghurt is routinely altered to alter the fat content. Unsalted butter may be added to 

yoghurt to improve its fat content (Chandan et al., 1969). An unsaturated fat or oil, including maize 

oil, cottonseed oil, coconut oil, soy oil, or other similar oils, has been patented in a butterfat-free 

yoghurt with levels ranging from 1.5 to 6.4 % added (Metzger, 1962). 

Yoghurt samples containing bulla flour, acid casein and gelatin; bulla flour; acid casein had 

the highest levels of moisture. This can be explained by the syneresis associated with yoghurt 

containing bulla flour and not fully strained acid casein that still contained whey. Yoghurt samples 

containing bulla flour, acid casein and gelatin; matoke flour, acid casein and gelatin; bulla flour 

and gelatin; matoke flour and acid casein; bulla flour; matoke flour had the highest level of 

minerals. Starch additives and acid casein, both of which are excellent mineral sources, contribute 

to this. Yogurt's pH and titratable acidity are critical. In the majority of cases, the pH range of 4.0 

to 4.6 is used as the point at which fermentation is halted by rapid cooling. At this pH level, there 

is enough lactic acid to give yoghurt its distinctive acidity, thicken it, and protect it from harmful 

bacteria strains (Masulli, 2016). Crawford (1962) discovered that a titratable acidity of 0.74 to 0.83 

% expressed as lactic acid during cold storage and a titratable acidity of 0.91 to 0.93 % during cold 

storage provided the most appealing yoghurt. When yoghurt with a lower titratable acidity was 

chilled, it turned into a bland yoghurt, while yoghurt with a higher titratable acidity became slightly 

over-acid. Galesloot (1958) recommended a titratable acidity of 95° to 100°N (equivalent to 0.85 

to 0.90 % lactic acid) when suitable for ingestion (Crawford, 1962). The acidity of yoghurt milk 

can reach 3.5 % on rare instances, according to Rosell (1933), and the pH can drop to nearly 3 in 
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24 to 36 hours. Yogurt's chemical composition has been identified through research. Kroger and 

Weaver (1973) analyzed 3 plain and 41 fruit yoghurts from central Pennsylvania and discovered 

total solids contents of 15.10 to 30.73 %, fat contents of 0.82 to 2.04 %, protein contents of 4.4 to 

5.3 %, titratable acidities of 1.20 to 1.76 %, and pH values of 3.72 to 4.14, whereas O'Neil et al. 

(1979) analyzed 7 plain yoghurt brands and discovered total solid content 

5.2 Rheological properties of yoghurt samples 

Yoghurt samples containing bulla flour and also corn starch showed higher firmness and 

consistency, while yoghurt containing matoke flour showed high cohesiveness and index of 

viscosity. Even with addition of acid casein and gelatin separately and then together, yoghurt 

containing matoke flour still showed high cohesiveness and index of viscosity as compared with 

yoghurt samples containing bulla flour and those containing corn starch. With the same treatments, 

yoghurt containing bulla flour and also corn starch, still showed higher firmness and consistency 

compared with yoghurt containing matoke flour. Increasing total solids in milk increased yoghurt 

viscosity, according to Farnsworth et al. (2006). 

Yogurt rheology is defined not only by viscosity, viscosity loss, and viscosity recovery, but 

also by how hard, brittle, elastic, and cohesive it is, so hardness, consistency, cohesiveness, and 

index viscosity were all tested. Textural and rheological qualities of coagulated dairy products are 

influenced by their structure and composition. Yogurt's gel and viscosity are critical properties. 

The quantity of milk solids affects yoghurt's firmness (Pette & Lolkema, 1951). During the 

manufacturing of yoghurt, Haque et al. (2001) discovered that the gel strength of set-style yoghurt 

determined by compression testing, as well as the viscosity and G′ (solid-like character) of stirred 

samples, increase with increasing fermentation temperature. According to Walstra et al. (2006) 

when the pH is reduced, the firmness of set-style yoghurt increases. The apparent viscosity of 

yogurt reduces with increasing shear rate, making it a non-Newtonian fluid. The addition of acid 

casein, gelatin, and starch to yoghurt had a substantial impact on instrument texture parameters 

(firmness, consistency, cohesiveness, and index viscosity). Yogurt often contains stabilizers. Hall 

(1975) recommended different stabilizers depending on the type of yoghurt to be manufactured. 

There are a variety of stabilizers used in yogurt and yogurt beverages. These include modified 

starches, gelatins and gelatin-based products, agar, pectins, locust bean gums, xanthan gums and 

carboxymethylcellulose. There are two ways to use stabilizers: either alone or in tandem, based on 

the specific kind selected (Chandan & O'Rell, 2006). 
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Since crystallites melt, double helices unravel, and hydrogen bonds break when starch is 

cooked with water in batch cooking or extrusion, undamaged granules of starch lose their 

birefringence and lose their birefringence (Wang et al., 2015). Fast increases in viscosity 

accompany the physicochemical changes known as starch gelatinization. Pasting temperature 

refers to the temperature at which viscosity begins to climb, which is frequently greater than the 

gelatinization temperature determined by DSC since the rise in viscosity occurs after the starch 

granules are fully gelatinized (Balet et al., 2019). The pasting and gelatinization temperatures were 

shown to be closely linked in previous studies. Gelatinization temperatures on DSC are broken 

down into three parts: onset, peak and conclusion. This means that when gelatinization 

temperatures are equal to pasting temperatures, the term "conclusion temperature" should be used. 

According to Tesfaye and Girma (2017), starch is the most common ingredient in enset goods. 

According to Gebre-Mariam et al. (1996b), in terms of amylose concentration, granule size, X-ray 

diffraction pattern, and gelatinization temperature, enset starch is equivalent to potato starch. 

However, they found that enset starch is inferior to potato starch and superior to maize starch in 

terms of swelling powder, solubility, and peak viscosity. Green bananas contain a high 

concentration of both starch and amylose when compared to other kinds of starch. Having a high 

proportion of amylose in starch increases the starch's reactivity for chemical modification and film 

production, which is favorable for commercial uses in industries such as food and pharmaceuticals 

(Daisuke et al., 2014; Fazilah et al., 2011; Palviainen et al., 2001). 

Degree of syneresis of yoghurt samples 

Since syneresis is the most glaring error in yoghurt preservation, it may have an impact on how 

well customers receive their product (Salvador & Fiszman, 2004). Yoghurt whey separation occurs 

when the gel network weakens, and the gel's potential to entrap serum phase is lost (Lucey, 2004). 

Gel shrinkage, a typical yoghurt issue, results in the creation of a top liquid phase (whey). 

Centrifugation and drainage methods are often used to assess yoghurt syneresis (Harwalkar & 

Kalab, 1983). Yogurt syneresis is affected by total solids and protein content (Domagala, 2009). 

Since syneresis is the most glaring error in yoghurt preservation, it may have an impact on how 

well customers receive their product (Salvador & Fiszman, 2004). Yoghurt whey separation occurs 

when the gel network weakens, and the gel's potential to entrap serum phase is lost (Lucey, 2004). 

Gel shrinkage, a typical yoghurt issue, results in the creation of a top liquid phase (whey). 

Centrifugation and drainage methods are often used to assess yoghurt syneresis (Harwalkar & 
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Kalab, 1983). Yogurt syneresis is affected by total solids and protein content (Domagala, 2009). 

The maximum syneresis was observed in yoghurt containing bulla flour, while the lowest syneresis 

was reported in yoghurt having matoke flour. Cooking, strong shear, and acidic conditions cause 

native starch to syneresis, retrograde, and break down, resulting in a weak matrix, cohesive, 

rubbery pastes, and unsatisfactory gels (BeMiller, 2011). 

When acid casein and gelatin were added to yoghurt, the syneresis was lower than when skim 

milk powder and cornstarch were used. Because gelatin is a better stabilizer, it was chosen for the 

final product development. When yoghurt with bulla flour, acid casein, and gelatin was compared 

to yoghurt with matoke flour, acid casein, and gelatin, the syneresis was higher. Syneresis 

differences were statistically significant (p<0.05). Increases in the total solids content of yoghurt 

and the use of preheated milk instead of unheated milk in the preparation of yoghurt lower 

syneresis susceptibility, however only minor effects are shown with yoghurt pH in the 3.85 to 4.5 

range. According to Lee and Lucey (2004), casein particle rearrangement inside the gel network 

and colloidal calcium phosphate solubility rate effect whey separation and gel strength. They 

recommended using moderate to high inoculation rates (2-3 %) and incubation at low temperatures 

(40°C) to reduce whey separation and textural defects in the resulting yoghurt. 

It is possible to build a network between gelatin and other stabilizers and other molecules in 

the emulsion or suspension (Kessler, 1981). During production, they reduce whey separation from 

the yoghurt, which is common, and increase viscosity, texture, creaminess, and mouth feel. A 

resistant starch powder known as matoke flour is usually prepared from green bananas and has 

been suggested for use in nutritional studies (Langkilde, 2002). According to nutritional research, 

flour is a fantastic and useful source of resistant starch (Anyasi et al., 2013; Zhang et al., 2005;). 

Matoke flour is frequently used raw, such as in smoothies or nutrition bars, because heating 

reduces the proportion of resistant starch (Ovando-Martinez & Maribel, 2009). Pasteurization of 

milk reduces the resistant starch concentration in yoghurt, but it has no effect on its thickening 

properties. This flour has a texture similar to lighter wheat flours and uses around 25 % less volume 

than white and whole-wheat flour, making it a suitable white and whole-wheat flour substitute. 

Because of these properties, matoke flour can be employed as a thickener and texture modifier in 

yoghurt manufacturing. 

As a result, the final product will have more viscosity and firmness, as well as be less 

susceptible to syneresis. Bulla flour, a starch-filled flour, is made by squeezing a milky white pulp 
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scraped from the Enset plant's stem and leaf sheaths. It produces a milky liquid that is concentrated 

and dried into a white powder. This starch-filled flour has proven to be a useful starch supplement 

for use in yoghurt manufacturing, particularly to improve the finished product's firmness and 

consistency. As a result, the finished product will be viscous and firmer, as well as less sensitive 

to syneresis. Bulla flour is created by pressing a milky white pulp scraped from the Enset plant's 

stem and leaf sheaths into a starch-filled flour. It makes a milky liquid that is condensed and dried 

to make a white powder. This starch-rich flour has been found to be an effective starch addition in 

the production of yoghurt, particularly in terms of improving the finished product's firmness and 

consistency. 

Microbiological quality analysis 

Because starter cultures, which are mostly lactic acid bacteria, are present, a bacterial count is 

predicted. High counts may suggest post-pasteurization contamination as a consequence of poor 

hygiene during manufacture (Tamine & Robinson, 2004). The total bacterial count is often used 

to assess the hygienic quality and safety of food. When raw materials and ingredients are 

contaminated or improperly processed, the product's production circumstances might be to blame 

(ICMSF, 2006). Both unsanitary storage and storage for a lengthy period of time can contribute to 

this (Sarkar et al., 2012). 

Coliforms were not discovered in the yoghurt samples, showing that GMPs were followed 

during production (Dairy substitutes Encyclopedia, 1997; Igbabul et al., 2014). Due to 

pasteurization and sanitary controls, yoghurt should not have a large concentration of coliforms 

(Harrigan et al., 1976). Consumers' health might be jeopardized by the presence of coliforms in 

yoghurt, which suggests that the yoghurt producers or sellers, as well as quality control workers, 

were negligent. E. coli and coliforms cannot be detected in any sample of 100 ml yoghurt, as 

required by the NAFDAC requirement for food safety (Mbaeyi-Nwaoha & Egbuche, 2012). 

Polluted water and equipment, as well as pollution at storage and display/sale locations, are further 

sources of contamination (Karagul et al., 2004). 

Yeasts are to blame for the decomposition of fermented foods. The presence of yeasts in 

yoghurt may be the result of incorrect pasteurization or recontamination during the production 

process, since milk is pasteurized before it is used to make yoghurt (Rohm et al., 1992). Inefficient 

preheating during manufacturing, use of inadequate sterilized plastic cups or bottles in packing, or 

improper chilling during storage might all be contributing factors to high yeast and mold counts in 
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yoghurt samples (Saudi et al., 1989). However, air pollution and the use of commercial yoghurt as 

a starting culture throughout the production process might be to blame. 

A product's biochemical properties, taste, and appearance may be affected by the presence of 

mold and yeast, which is detrimental to the product's economic value and usually leads in 

downgrading. When yeast populations exceed 5 to 6 (log 10 cfu/ml), spoilage manifests itself as 

bloating of the yoghurt packaging due to gas generation by yeast fermentation. If left unattended, 

the yogurt develops an off-putting yeasty, fermented taste and aroma, as well as a gassy look that 

finally ruptures (Fleet, 1990). Yoghurt's quality and shelf life may be affected by microbiological 

factors. The need of using low-microbial-contamination milk and storing it at low temperatures 

was stressed by Gassem and Frank (1991). According to Salih et al. (1990) manufacturers 

recommend a 40-day shelf life for yoghurt. 

5.3 Sensory quality of stabilized, thickened and acid casein enriched yoghurt 

In all of the assessments, participants were a source of variance because even when participants 

are properly chosen and educated, there is inherent variability. Individual disparities in scale use 

or variances in sensitivity are to blame for this (Carlucci & Monteleone, 2001; Tomic et al., 2007). 

The degree of sensory features in the yoghurt samples affected consumer approval. Color, 

smell/odour, appearance/texture, taste, and body/mouth feel were all factors in consumer 

acceptance. Certain aspects of yoghurt were influenced by the ingredients used in the process of 

making it. In order to obtain the stabilized, casein-enriched yoghurt, stabilizers and thickeners have 

to be used. 

Hydrophilic chemicals that form colloids in solution are used as binding, gelling, and 

thickening agents, earning the name "hydrocolloid" (Lindsay, 1985). Both plants and animals may 

produce these chemicals. Chemicals in an emulsion or suspension often have long, branching 

chains that may connect to other molecules to build networks (Kessler, 1981). During production, 

they reduce whey separation from the yoghurt, which is common, and increase viscosity, texture, 

creaminess, and mouth feel. The inclusion of cornstarch and gelatin changed the texture and tongue 

feel of the yoghurt samples, resulting in varied hedonic scale/consumer acceptability findings. 

The flours of matoke and bulla were used as thickeners in this study. These flours altered all 

sensory properties, including aroma, taste, texture, mouth feel, and color. Matoke flour is a green 

banana powder with a long history of use. It's widely used as a gluten-free wheat flour substitute 

(Ovando-Martinez et al., 2009) or as a source of resistant starch, which has been backed up by 
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various fad diets like paleo and primal diets, as well as some nutritional research (Langkilde, 2002). 

When raw, the flour has a subtle banana taste, but when cooked, it takes on an earthy, non-banana 

flavor. It has a texture comparable to lighter wheat flours and has around 25% less volume than 

white and white whole-wheat flour, making it an excellent alternative. This starchy white powder 

is manufactured in Ethiopia from the Enset plant, whereas bulla is a starchy white powder made 

from it. The stem and leaf sheaths of the plant are scraped into a pulp and used to manufacture it. 

A white powder is made by extracting the juice from the pulp and then evaporating it. These flours 

were ideal thickeners for yoghurt development because of their starchy composition. The matoke 

flour's intrinsic raw banana flavor altered the taste and scent of the yoghurt samples it was added 

to. Unlike bulla, the taste and smell of the yoghurt samples were unaffected by bulla's neutral 

flavor. The natural color of raw banana/matoke was more intense in the yoghurt samples made 

using bulla flour, whereas the yoghurt samples made with matoke flour were more vivid in color. 

When stabilizers and thickeners were introduced to the yoghurt samples, the hedonic scale 

revealed a change in taste preferences. 

5.4 Willingness to adopt stabilized, thickened and acid casein enriched yoghurt by small 

scale milk processors  

According to Feder et al. (1985), the likelihood of farmers adopting milk processing 

technology decreased as their age grew, because elderly farmers are more unwilling to accept new 

technologies or procedures. Milk processing technology use was not correlated with the size of a 

farm. This countered Staal et al. (2002) findings, which found a significant correlation between 

land size and dairy farming technology adoption. When dairy farming was employed as a major 

source of income, it had a direct impact on adoption rates. Farmer's major source of income was 

dairy farming, thus they needed to implement technologies that would increase their productivity. 

Age and farm size were found to be adversely correlated with the adoption of the processing 

method in this study, but farmers' education, agricultural experience and income were found to be 

positively connected with the adoption of the processing technology in this research. According to 

Cicek et al. (2007), the farmer's age and educational level have a positive impact on the adoption 

of technological innovation in dairy farming. In order to maximize profitability, dairy producers 

are more inclined to invest in any dairy technological measures available. 

The significant market demand for fermented milks served as a major stimulus for small-scale 

processors/small and medium businesses to learn how to create them (SMEs). Nicholson et al. 
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(1999) identified higher and stable revenue, as well as a high demand for milk in the markets, as 

major motivators for dairy farming technology adoption. The biggest reason for farmers' non-

adoption of dairy farming technology, according to Nicholson et al. (1999), is a lack of finances 

to acquire the essential inputs. In the dairy business, a key impediment to technological adoption 

has been highlighted as a lack of training (Mekonnen et al., 2009). A lack of competence is also a 

key stumbling point in the dairy business (Chagunda et al., 2006). 
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CHAPTER SIX 

CONCLUSIONS AND RECOMMENDATIONS 

6.1 Conclusions 

According to the findings of this research:  

i. Acid casein can be isolated and utilized to stabilize and improve the texture of other dairy 

products, thus high acid milk is not entirely useless. 

ii. Instrumental texture measurements (firmness, consistency, cohesiveness, and index 

viscosity) as well as syneresis were significantly affected by the addition of acid casein, 

gelatin, and starch to yoghurt. Matoke and bulla flours have been shown to be effective 

thickeners in yoghurt manufacturing. 

iii. Protein levels in yoghurt samples containing starch, gelatin, and/or acid casein were 

greater. Yogurt samples containing maize starch, bulla, and matoke flours alone or in 

combination with stabilizers and/or acid casein had higher carbohydrate contents. 

iv. The yoghurt samples were distinguished using a variety of sensory features. At the 

consumer level, individual responses from customers with various preference criteria were 

found. Overall, the bulla and matoke flour yoghurt samples were the most popular. The 

yoghurt samples with casein enrichment and a mix of stabilizers and thickeners were the 

most popular. 

v. The willingness of small-scale milk processors to embrace the innovative fermented milk 

product was satisfactory, and it depended heavily on the farmer's education, agricultural 

experience, financial status, and training services given. 

6.2 Recommendations 

The following are the study's recommendations: 

i. To increase textural qualities and minimize syneresis, casein from high acid milk should 

be used in the manufacturing of yoghurt. This casein can be used in place of skim milk 

powder in the preparation of yoghurt. 

ii. Matoke and bulla flours have been shown to be effective thickeners in yoghurt 

manufacturing. Bulla's strength lies in its ability to improve yoghurt's firmness and 

consistency, whereas matoke flour improved yoghurt's cohesiveness and viscosity. 
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iii. Farmers and SMEs should attend training sessions to gain a better understanding of locally 

produced value-added dairy products like the developed yoghurt. Farmers showed interest 

in and were more aware of these proposed activities, such as milk value addition, indicating 

that there is a need for more training in recommended dairy farming techniques for 

implementation. In peri-urban areas, this is especially true.   
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APPENDICES 

Appendix One: Milk Standards 

Raw Cow Milk specification (East Africa) 

Definition 

Unless otherwise specified, the milk taken from an udder of a healthy cow that has been properly 

fed and cared for is considered to be the standard for this East African Standard; milk acquired 

during the first seven days after calving is excluded. 

Principal compositional requirements 

Chemical 

At least 3.25 % milk fat and 8.50 % nonfat milk solids must be present in milk. Natural constituents 

cannot be diminished in any way, nor can it include any additional water, preservatives, or other 

additives. Milk must have a density between 1.028 and 1.036 g/ml at 20 °C. Milk's defrosting 

temperature should be between 0.525°C and 0.550°C. When tested using the right technique, milk 

must fulfill the following requirements: 

• not coagulate in boiling test  

• not coagulate in boiling test  

• not coagulate in boiling test  

• not coagulate in boiling test  

• test negative to the alcohol test  

• have no more than 0.17 % titratable lactic acid 

Microbiological limits 

Grade Counts (per ml) 

I  < 200 000 

II >200 000 ¾ 1 000 000 

III >1 000 000 ¾ 2 000 000 

Bacteriological Grades 

Milk shall conform to the following microbiological limits: 

Coliform limits 

S/N  Quality  Counts (per ml) 

a)  Very good  0 – 1000 

b)  Good  1000 - 50000 

Total plate count  

At 32°C, the plate should be incubated for 48 hours. There will be a grading of the counts.  
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Coliform plate count 

At 37°C, the plate should be incubated for 24 hours. There will be a grading of the counts.  

Pesticide limits in milk 

S/N  Pesticide  Maximum limit (mg/kg) 

on whole milk basis 

a)  Aldrin and dieldrin (total) 0.006 

b)  Heptachlor and heptachlor-epoxide (total) 0.006 

c)  DDT and its analogues 0.05 

d)  Lindane 0.01 

e)  SHC + HCH 0.01 

f)  Endrin 0.01 

Count of somatic cells 

The maximum number of somatic cells per milliliter, as determined by ISO 13366, is 300,000. 

Antibiotics and pesticides both 

In accordance with the table and Codes guidelines, pesticide residues in milk should not exceed 

the maximum permissible levels. 

Remaining traces of veterinary medicines and chemicals 

Pesticide residual levels in milk must be in compliance with the table and Codes of practice. 

milk production, processing, and handling are all regulated by Hygiene CAC/RCP 57 
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Appendix Two: Traditional Insulated Basket Used to Hold Yoghurt During Fermentation 
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Appendix Three: Milk Quality Assurance Tests 

I. Physico-Chemical Composition of Milk  

A. Physical Properties of Milk 

Milk was subjected to the following physical tests in order to determine its suitability for 

human consumption. In order to determine whether the milk is suitable for consumption or 

processing, they are typically carried on the receiving end of the supply chain. 

1) Acidity of milk /pH 

Methods of pH and titration are used. The term "established acidity" refers to the presence of 

lactic acid bacteria in raw milk. Perceived acidity (natural acidity) is not to be confused with this, 

which is induced by the acidic properties of milk proteins. Between 12% and 16% of milk's total 

acidity is lactic acid, which is found in small amounts. This acidity has been caused by the action 

of contaminating bacteria on lactose at higher concentrations than this. "Titratable acidity" refers 

to milk's ability to act as a pH buffer between itself and the pH at which phenolphthalein dye is 

formed (i.e., 8.4). As a result of the neutralization of electronegative charges, casein micelles 

become more stable owing to the repelling force of comparable charges on the micelles' surface. 

Apparatus   

- A little dish of porcelain or a conical flask of water 

- Graduated 1 ml pipettes for a total volume of 10 ml 

- A burette with a graduation scale of only 0.1 

- A piece of glass used to stir the milk in a bowl. 

- 0.5 percent phenolphthalein in 50 percent ethanol solution for use as an indication 

- Sodium hydroxide solution, 0.1 N 

Procedure 

Add 9 mL of milk to the dish/conical flask; then add the indicator solution and gently add the 

sodium hydroxide from the burette, mixing continually, until a faint pink hue develops, as seen in 

this illustration. It is determined by multiplying the amount of ml of sodium hydroxide solution by 

ten and then dividing by two. To find out what the pH is, use a properly calibrated pH meter. 

II Milk Composition and Stability 

1) Gerber fat test 

This large-scale volumetric fat assessment method makes use of butyrometers. Elegantly crafted 

with thin, graded stems, this set of jars is both beautiful and functional. Milk is digested using 
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concentrated sulphuric acid, which dissolves all of the protein and fat globule membranes in the 

milk. The fat in the graded stem is subsequently removed using centrifugation. The fat globules 

are brought back together with the aid of amyl alcohol. 

Apparatus / Reagents 

- 1.82 Amyl alcohol Standard Gerber butyrometer Sulphuric acid specific gravity 

- 10.94 ml or 11 ml milk pipettes with rubber stoppers 

- a Gerber bath tub 

Procedure  

• In the butyrometer, add 10 mL of sulphuric acid, followed by 10.94 mL or 11 mL of 

completely mixed milk. 

• Gently shake the butyrometer until the curd melts and no white particles are visible, then 

add 1 mL amyl alcohol. 

• Wait until a set of centrifuges are ready before placing the butyrometer in a 65°C water 

bath. 

• When the butyrometer is put in the centrifuge, its stem (scale) should face the centrifuge's 

center. 

• For five minutes, spin or centrifuge at 1100 rpm. 

• For 3 minutes, remove the butyrometers from the centrifuge and put them in a water bath 

at 65o C. (Note: When transferring the butyrometers from the centrifuge into the water 

bath, make sure the butyrometers are held with the NECK POINTING UP at all times). 

From the lowest position of the acid-fat interface meniscus to the 0-mark of the scale, 

measure the percentage of butterfat. 

• After each usage, butyrometers need to be cleaned and dried before they can be used again 

because of the very corrosive acid/milk mixture. 

2) Alcohol test 

Short and simple, that's all there is to it. When the acidity and/or protealytic enzymes in milk are 

excessive, the milk proteins become unstable and can't withstand heat treatment, according to the 

hypothesis. Good results may be achieved by raising the concentrations of serum proteins 

(colostrum milk) and salt. 

Procedure: - 
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68 % ethanol solution is added to a solution of equal parts milk to conduct the test. This is the 

solution you need to produce an ethanol solution that's 68% alcohol by volume (96.8% absolute 

alcohol to 28.8% distilled water. Normal testing involves combining 2 mL of milk and 2 mL of 

alcohol and looking for precipitation, coagulation or clotting in the milk. The usage of a dark 

backdrop yields obvious consequences. 

3) Protein determination by Micro-Kjeldhal method 

Principle 

Protein and other organic food components are digested using sulphuric acid in the presence of 

catalysts. Total organic nitrogen is converted to ammonium sulfate. After neutralization with 

alkali, the digest is distilled into a solution of sulphuric acid and water. To convert the ammonium 

ions into nitrogen, a standard acid is used to titrate the ammonium. Food's crude protein content 

may be determined since nitrogen is derived from non-nitrogen components. 

Apparatus 

● Dilution equipment with Kjeldahl flask 

Reagents 

● Solution of sodium hydroxide, 50 percent w/w 

● Non-carbonate solution of sodium hydroxide (0.1 N). 

● No nitrogen sulfuric acid concentrated at 1.84 sp-gr 

● 0.1 N solution of sulfuric acid 

● Neutral ethanol, 0.02 percent solution of Methyl Red Indicator. 

Procedure 

● Kjeldhal digestion tubes/flasks and a weighed sample of 0.2 g of milk should be placed 

into the Kjeldhal digestion tubes/flasks. 

● One tablet of selenium is added to each tube of concentrated sulphuric acid to serve as a 

catalyst. 

● The samples should be soaked for around three hours in a digester. 

● Prior to diluting the digested samples, allow them to cool to room temperature and then 

transfer them to an empty half-liter round-bottomed flask without loss. 

● Rather of mixing the acid, slowly add 15 mL of a 50 percent sodium hydroxide solution 

into digested samples. 

● Gently stir the contents of the flask. 
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● Put the digested materials into receiving flasks with H2SO4 after distillation using Kjeldahl 

distillation equipment. 

● 0.1 N NaOH is used to titrate the surplus H2SO4, and the color changes from red to grey 

to green when the indicator methyl red is used. 

Calculations  

Total nitrogen:  

1 ml of 1.N H2SO4 is equivalent to 0.0014 g nitrogen  

% Nitrogen  =  (V1- V2) × 0.0014 . ×100 

    m 

Where  

● V2  is volume of NaOH used for milk samples  

● V1 is volume of NaOH used for blank test,  

● m is weight of milk sample used. 

Protein for dairy products : 1 part nitrogen = 6.38 parts protein  

% protein = % nitrogen × 6.38 

B. Sensory Evaluation Tests 

a) Descriptive tests 

An assessment approach that detects and quantifies sensory quality aspects (visual, textural, 

aural/olfactory/gustatory) of an item before and after tasting is called sensory evaluation. The 

panelists assess the intensity of a variety of sample attributes, rather than focusing on a single one. 

They go into great detail on how the sample looks, smells, tastes, feels, and lingers in the mouth. 

No preferences or acceptance information is provided by this analysis instrument. Descriptive 

testing include flavor profiling, texture profiling, and quantitative descriptive analysis. 

According to a collection of descriptive words or sentences, panelists are asked to rate items on a 

scale ranging from 0 to 10. To facilitate score tabulation and averaging, a collection of descriptive 

phrases is assigned numerical values. In order of decreasing intensity, a number one is allocated. 

For category grading, the score card might use a numeric scale, a verbal/descriptive scale, or a 

visual scale. Graphic scales may be hierarchical or unstructured. The numerical data acquired from 

each sample are tabulated and statistically analyzed, preferably using ANOVA, for any changes in 

the relevant attributes across samples. 

Flavour and texture profiling 



149 

 

Score card 

Panelist No: ---------------------------------------------------Date----------------------------- 

Type of Product: -- ----------------------------------------------------------------------------- 

 

Characteristic studied: -----Flavour ------------------------------------------------------------ 

Instructions:  

Taste coded samples and note their flavour (taste and odour) intensity Record the number that best 

corresponds with the flavour you detect according to the number scale given below; 

1---2---3---4----5---6-----7-----8----9----10 

Sample code      Scale /rate 

 

-------                                                            ------- 

 

-------                                                ------- 

 

--------                                                               -------- 

 

---------                                                             --------- 

 

----------                                                           --------- 

 

---------                                                            --------- 

Comments 

 

             

 

(ii) Evaluate the same samples for consistency (thickness) according to the same scale 

(texture profiling).  

Score card 

Panelist No: ---------------------------------------------------Date----------------------------- 
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Type of Product:-- ----------------------------------------------------------------------------- 

 

Characteristic studied: -----Thickness/juiciness ---------------------------------------------------- 

Instructions:  

 

Taste coded samples and note their flavour (taste and odour) intensity Record the number that best 

corresponds with the flavour you detect according to the number scale given below; 

1---2---3---4----5---6-----7-----8----9----10 

 

Sample code      Scale /rate 

 

-------                                                             ------- 

 

-------                                                                  ------- 

 

--------                                                               -------- 

 

---------                                                             --------- 

 

----------                                                           --------- 

Comments 

             

b) Consumer acceptance tests. 

Hedonic test. 

Hedonic tests are used to gauge whether or not prospective buyers would like a product by giving 

them a taste of it and having them evaluate how much they like it. Category scales, ranging from 

high like to neither liking nor disliking to significantly disliking, are used with varying quantities 

of categories. For each sample, panelists choose a category from which they may indicate their 

degree of satisfaction. A score of 1 indicates a severe hate, while a score of 9 indicates a high like. 

This scale is used for data analysis. In addition, scores of 7 and 5 are utilized. Analysis of variance 
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is used to determine whether there are significant variations in the mean degree of liking among 

the samples (ANOVA). 

A 9-point score is shown on the score card below. 

Hedonic rating Scorecard 

 

 

Panelist No.  ---------------------------------------------Date----------------------------- 

 

Type of Product: -- ----------------------------------------------- 

 

Instructions: 

Taste each coded product and mark how much you like or dislike it. 

Code 

 

Liked extremely (9 points)                      ____     ____     ____     ____     ____ 

 

Liked very much (8 points)                     ____     ____     ____     ____     ____ 

                    

Liked moderately (7 points)                   ____     ____     ____     ____     ____ 

 

Liked slightly (6 points)                           ____     ____     ____     ____     ____ 

 

Neither liked or disliked (5 points)       ____     ____     ____     ____     ____ 

 

Disliked slightly (4 points)                      ____     ____     ____     ____     ____ 

 

Disliked moderately (3 points)              ____     ____     ____     ____     ____ 

 

Disliked very much (2 points)                ____     ____     ____     ____     ____ 

 

Disliked extremely (1 point)                  ____     ____     ____     ____     ____                      

 

Comments: 

 

 

 

  

 

c) Difference tests 
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To see whether two samples can be discriminated from one another using tests for difference, 

sensory analysis is used. In order to determine whether the look, taste or texture of a product has 

changed significantly due to storage, processing techniques or component changes, difference tests 

may be performed. 

Here are a few examples: 

(i) Paired comparison test. 

Two coded samples are tasted by the panelists to determine whether one has the higher intensity 

of a stimulus or characteristic. A sweeter sample, for example, may be identified with this test 

since it has a greater intensity of a certain stimulus. Additionally, panelists may also be asked to 

identify the degree of difference between the two intensities, as well as which they prefer. Using 

a one-tailed binomial test since just one sample is known to be different, the results are reviewed. 

(ii) Duo-trio test 

In this test, the panelists get three (3) samples each. Two samples are coded with 3-digit random 

numbers, while the third is marked R. It's important to note that just one of these samples has been 

coded to match the reference (R). Before tasting the coded samples, the panelists must taste R. 

They must then decide which of the two coded samples is the same as R. (or different from R). 

However, this test does not identify the direction or magnitude of the change between samples. 

One-tailed binomial tests are used in the same way as paired comparisons. Random samples have 

a one-in-two probability of getting picked. 

(iii) Triangle test  

Panelists are asked to pick one of three coded samples, one of which is unique while the other two 

are identical. Panelists must choose a different sample even if they can't identify the difference 

between them (i.e. panelists must guess when in doubt). Three-digit random numbers are coded 

on the identical sample containers in which the samples are deposited. There are six possible 

methods to administer the triangle test, and each one should be administered in the order selected 

by each panelist. It's possible to re-taste samples. A one-tailed binomial test is used to gauge the 

importance of the findings in this study. When conducting a triangle test, the probability of picking 

the right sample by accident is only 1/3, hence the table for the triangle test varies from the one for 

the paired or two samples test. 

(iv)  Ranking for intensity test  



153 

 

Perceived strength of a sensory component in this test must be arranged / ordered by panelists. 

Preliminary information on product differences may be gleaned from this test, or panelists can be 

assessed for their ability to tell apart samples with obvious differences. For each stimulus, panelists 

are asked to rate coded samples from least intense to most intense based on how strong the stimulus 

is. Ties are often frowned upon. It's common for researchers to collect three or more samples in 

identical containers with three-digit random numbers on them. In order to generate meaningful 

comparisons, panelists may re-evaluate the samples as many times as they see fit. 

Score cards 

 

Paired comparison test 

Panelist No: ---------------------------------------------------Date-------------------------

---- 

 

Type of product: -- ------------------------------------------------------------------------ 

 

Instructions: 

Taste the two coded samples in front of you starting with the samples on the left. Circle 

the number of the sample that has a higher intensity of a given stimulus.  

 

Sample Code -------------------------------------The different sample is: 

 

 

                 ---------                                                                  --------- 

 

               ----------                                                                    --------- 

 

 

 

 

 

Duo-trio test 

Panelist No: ---------------------------------------------------Date-------------------------

---- 

 

Type of Product: -- ------------------------------------------------------------------------ 

 

 

Instructions: 

In front of you are three samples, one marked R and other two coded. Taste the 

samples, starting from left to right (first R and then the other two). 

Circle the code of the samples different from R. 
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You may retaste the samples. You must make a choice. Thank you. 

 

Sample Code -------------------------------------The different sample is: 

 

 

                 --R-------                                                                

 

                ----------                                                               ---------- 

 

                ----------                                                               ------------ 

 

 

 

 

Triangle test 

Panelist No:---------------------------------------------------Date--------------------------

--- 

 

Type of Product: -- ------------------------------------------------------------------------ 

 

Instructions: 

In front of you are three coded samples. Two are identical / same and one is different. 

Taste the samples, starting from left to right and circle the code that is different from 

the other two.  

You may retaste the samples. You must make a choice. Thank you. 

 

Sample Code -------------------------------------The different sample is: 

 

 

                 ---------                                                               ----------- 

 

                ----------                                                               ---------- 

 

                ----------                                                               ------------ 

 

 

 

 

Ranking test 

 

Panelist No: ---------------------------------------------------Date-------------------------

---- 

 

Type of Product: -- ------------------------------------------------------------------------ 



155 

 

 

Stimulus / characteristic studied: -------------------------------------------------------

- 

 

 

Instructions: 

1. In front of you are coded samples, note each sample code according to its 

position. 

2. Taste the samples, starting from left to right and note the persistence of the 

stimulus under study. Wait for at least 30 seconds between samples and rinse 

palate as required. 

3. Arrange the samples in order of their intensity of the given stimulus. Assign 

the samples with the least intensity a rank value of 1; the samples with next 

intensity rank value 2;  3 for the next and 4 for the sample you find with most 

or highest intensity if you have four samples. You may find it necessary to first 

arrange the samples in a provisional order, and then resolve the positions of 

adjacent samples by more careful tasting.  

4. If two samples appear the same, make a “best guess” as to their order. 

 

Sample Code ---------------------------------------- Rank 

 

                 ---------                                                                 ----------- 

 

                ----------                                                                 ---------- 

 

                ----------                                                               ------------ 

 

            ------------                                                                ------------- 

 

Descriptor scale for yoghurt attributes used as a score card during sensory evaluation 

A seven-point 

numerical 

scale   

Sensory properties of yoghurt samples 

Odour/smell Taste Appearance/texture Mouth 

feel 

Colour 

1 Plain Flat/plain  Watery Thin  Plain 

2 Slightly sour Slightly 

sour 

Slightly watery Slightly 

thin  

Slightly 

plain 

3 Sour/pleasant Sour  Slightly smooth Slightly 

firm 

Too light 

4 Fairly Unpleasant Very sour  Smooth Firm Light 

5 Unpleasant/foul  Too sour  Slightly rough  Very 

firm  

Less 

intense 

6 Very unpleasant Harsh Rough Thick  Intense 

7 Extremely 

unpleasant 

Too Harsh Very rough  Too 

thick 

Very 

intense 
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Appendix Four: Rheological Properties of Yoghurt Samples 
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Appendix Five: Product Development (Milk Value Addition) 

 

 

Casein extraction (Acid casein) 

 

Incorporation of acid casein in yoghurt  Incorporation of thickeners in yoghurt 
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Stabilized, thickened and acid casein enriched fermented milks development 
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Microbiological analysis  

 

 

 

 

 

 

 

Sensory evaluation 
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Appendix Six: Small and Medium Enterprises (SMES) Milk Processing 
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Appendix Seven: Milk Collection Center/Dairy Cooperative Society 
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Appendix Eight: Research Permit 
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