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CHAPTERI

INTRODUCTION

Growing interest in healthy eating has given rise to a new range of food
products on the market that also provides nourishment, improve health by increasing
well-being and reducing the risk of certain diseases. The present importance of
functional foods on the market is variable and difficult to determine, but it is clear that
they have a high growth potential. Among the different product sectors, the dairy sector
is the one which has undergone greatest change, with the introduction of new products
claiming healthy characteristics. In recent years, traditional products like skimmed
dairy products or those with probiotic characteristics like yoghurt have expanded to
incorporate an ample range of fermented milk of prebiotic or probiotic nature, and
yogurt and milk with different active ingredients that offer the consumer an alternative

to conventional dairy products.

Dairy products are considered as a key component to an overall healthy,
balanced and nutritious diet. This indicates that consumers are inclined to continue
consuming dairy, at a time when they are prioritizing nutrition and health. As a result

of this, consumers are making greater efforts to seek out multi-functional benefits.

Though milk is a nutrient rich and well-balanced food, it is very susceptible
to microbial growth results in spoilage. To prevent this, various shelf stable dairy
products have been developed viz. cheese, milk powder, concentrated milk, fermented

milk, butter, ice cream etc.

Fermentation is an ancient and inexpensive food preservation method. It
improves the nutritional value and digestibility of raw products enhances sensory
characteristics, and improves the functional qualities available to local communities
(Blandino et al., 2012). Traditionally, fermented foods and beverages (sour porridges,

beverages, fermented vegetables, fruits, milk, meat, alcoholic and non-alcoholic



beverages) represent a major dietary component in countries (Nout et al., 1997). The
microorganisms may be indigenous to the food, or may be added as a starter culture
after pre-treating or cooking the product (Mokoena et al., 2016). The use of lactic acid
bacteria (LAB) increases the acidity and decreases the pH of the substrate, thereby

inhibiting many pathogens.

Fermented milks have been developed throughout the world as a means
of preserving milk against spoilage. Fermented milks are popular in view of
organoleptic and other properties such as the characteristic flavour, refreshing taste and
improved digestibility. The composition of fermented milks can be easily tailored to
meet various dietary requirements especially in the production of low-calorie fermented

milks.

Yoghurt is a fermented milk product from an anaerobic fermentation of
milk and milk products by the lactic acid fermentation through the action of majorly
Streptococcus thermophilus and Lactobacillus bulgaricus. Other microorganisms like
Lactobacillus acidophilus, Lactobacillus subsp. casei, and bifidobacteria are also used
in yoghurt fermentation (Priyanka et al., 2012). Yoghurt is formed when milk is
coagulated, or form curds by the work of lactic acid or its degree present or introduced
into milk enough to coagulate it (Priyanka et al., 2012). Yoghurt and similarfermented
milk products in particular are thought to originate from the Middle East. The first
production of fermented milk products derived from the requirement to prolong the
shelf life of milk instead of being disposed. Yoghurt manufacture was in the beginning
based on knowledge and empirical processes without standard procedures or
investigation of the steps that occur during the entire process. Only afterthe late 20th
century, when yoghurt became a profitable commercial good, its manufacture became
industrialized and the processes were standardized. During the last 20 years, interest in
yoghurt manufacture has increased tremendously for scientificand commercial reasons.
Scientific findings have suggested that new fermented dairy products produced by
inoculating probiotic cultures and fortification with bioactive



compounds promote human health with improved textural and rheological
characteristics. Thus, there has been an increased consumer demand for yoghurt and
similar fermented dairy products (Tamime and Robinson, 2007). Yoghurt is one of the
most popular fermented milk products worldwide and has gained widespread consumer
acceptance as a healthy food. Yoghurt is a product of the lactic acid fermentation of
milk by addition of a starter culture containing Streptococcus thermophilus and
Lactobacillus delbrueckii sp. Bulgaricus (Tamime and Robinson, 2007).

Yoghurt is said to be a dense food and is rich in protein, carbohydrates,
amino acids, minerals (Calcium and Phosphorus) and vitamins (thiamin-B1, riboflavin-
B2, niacin-B3, folate-B9, cobalamin-B12, and vitamin C), but is lacking in iron. The
fat content of yoghurt depends on the fat content of the mixture and the type of milk
used (Weerathilake et al., 2014). According to the NDBsr26, a 100g 2 serving of plain
low-fat yoghurt contains 183 milligrams of calcium, 17 milligrams of magnesium, 234
milligrams of potassium, 144 milligrams of phosphorus, and 0.9 milligrams of zinc(El-
Abbadi et al., 2014).

Zhang and Mahoney (1989) mention that, animal milk products are
commonly consumed all over the world, with high or sufficient proportions of proteins,
vitamins, and minerals except iron. The lack of iron in dairy products decreases the
iron density of diets because dairy products are consumed daily. The fortification of
dairy product with staple available products is essential for iron improvement daily by

diet diversification.

Millet is important cereal and nutritious food rich in minerals and
phytochemicals. Millets are grown in marginal areas but they are relatively rich in
proteins and minerals and are superior in amino acid balance in comparison to
conventional cereal crops besides vitamins and fibre (Singh, 2012). Millets are also
rich sources of phytochemicals and micronutrients and they have good balance of

amino acids (Mal et al., 2010). The main drawback in millet nutrition is its



bioavailability due to very high antinutritional factors which can be reduced by various
processing techniques. Soaking is one of the methods used to improve the nutritional
value of millet that leads to the breakdown several components into simpler compounds
which alter the texture, flavor, aroma and taste (Parveen et al., 2003). Soaking followed
by germination can improve the nutrition of millets as it helps in reducing starch
component, induces hydrolytic enzymes for phytate reduction and some flavanoid
components. Sprouted seeds contain high protein, low unsaturated fatty acids, low
carbohydrate and vitamins compared to ungerminated seeds. Mineral content such as
phosphorus, calcium, zinc and copper were higher in sprouts as the hydrolysis of phytic
acid gets activated during germination. Hence, soaking and germination of millet is
important processing method in developing food product with low viscosity and high
energy (Inyang et al., 2008). And there is meagre information on soaking and
germination time of millets to extract the millet milk and developing millet milk-based
value additional products with bio available nutrients. This study mainly focuses on
standardizing soaking and germination time to obtain improved millet milk yield and
to evaluate curd based on millet milk. Processing and utilization of millets are largely
confined to home scale that renders many of the valuable nutrients unavailable to
human beings on wider scale. Millets are nutritionally, especially in micronutrient
content superior to the commonly consumed cereals. Luteolin, a flavone present in
sorghum and millets is reported to have antioxidant, anti-inflammatory, cancer
preventive and anti-arrhythmic properties (NAAS, 2012). Value-addition and
improving health benefits of millets by combining with milk and by applying advanced
technologies for their processing and preservation opens new avenues for the product

diversification.



Hence an effort has been made to develop millet-based yoghurt with the following

objectives:

. To formulate and optimize millet-based yoghurt with incorporation of fingermillet,

proso millet and foxtail millet.
. To evaluate the consumer acceptability of the developed yoghurt.

. To conduct the shelf-life studies of the optimized yoghurt.
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CHAPTER II

REVIEW OF LITERATURE

This chapter deals with the literature reviews on formulation of millet-based yoghurt,

its quality evaluation, sensory analysis and storage studies.
2.1 YOGHURT

The term "yoghurt” comes from the Turkish word "jugurt,” which was used to
designate acidic fermented dairy dishes and drinks (Priyanka et al., 2012).
Streptococcus thermophilus and Lactobacillus delbrueckii spp. bulgaricus ferment
milk to make yogurt. It contains some digested lactose, and is richer in some essential
nutrients like protein, calcium, phosphorus, riboflavin, thiamine, vitaminB12, folate,
niacin, magnesium and zinc compared to milk (Hadi et al., 2015, Ademosun et al.,
2019). Yoghurt is formed when milk is coagulated, or form curds by the work of lactic
acid or its degree present or introduced into milk enough to coagulate it (Priyanka et
al., 2012).

Reeta et al. (2015) mentioned that the nutritional composition of
yoghurt varies depending on the strains of starter culture used in the fermentation, the
type of milk used (whole, semi skimmed, or skimmed milk), the species from which
the milk is obtained (bovine, goat, or sheep), the type of milk solids, solid non-fat,
sweeteners, and fruits added before fermentation, and the length of the fermentation

process.

2.1.1 History and Origin of Yoghurt

Fermentation is a food processing technique that has been used for thousands of years

to preserve food. Acidifying bacteria are beneficial microorganism that helps in milk



preservation and in the improvement of the shelf life of milk by preventing the growth

of undesirable microorganisms (Frangoise, 2017).

According to Weerathilake et al. (2014), yoghurt over the centuries
has been recognized as the most popular fermented food product and it has a wide range
acceptance worldwide. It is known to have tremendous nutritional and health benefits.
Yoghurt origin is dated back to the 6000 B.C. in central Asia when the Neolithic people
began food producers by milking their cows and storing them in sheep-skin. This
accidentally led to the discovery of fermented milk products which includes yoghurt.
Over centuries, yoghurt has evolved into a commercial making/production which has
further improved into the production and availability of varieties with a range of

flavours, forms, and textures (Weerathilake et al., 2014).

Yoghurt was found by nomadic peoples in the Middle East
approximately 5,000 B.C (Francoise, 2017). It has been eaten by various cultures for
thousands of years. Yoghurt gets its name from the Turkish term yogurmak, which
implies thickening, coagulating, or curdling (Moreno et al., 2013). Yogurt is also
known as katyk (Armenia), dahi (India), zabadi (Egypt), mast (Iran), lebenraib (Saudi
Arabia), laban (Iraq and Lebanon), roba (Sudan), iogurte (Brazil), cuajada (Spain),
coalhada (Portugal), dovga (Azerbaijan), and matsoni in many cultures and nations

(Georgia, Russia, and Japan) (Ramandeep et al., 2017, Fisberg and Machado ,2015).

In recent times, yogurt is typically milk that has been fermented and
acidified with viable and well-defined bacteria, creating a thickened, often flavoured,
product with an extended shelf life. It contains essential nutrients and is a medium for
fortification (were other health improving and nutrient modifying probiotics, fibers,
vitamins, and minerals are added). Yoghurts also represent functional food and can be
modified with sweeteners, fruits, and flavours to affect the nutritional and health

benefit, consistency, and aroma. Yoghurt is recently produced from other animal milk



like goat, sheep, buffalo, camel, etc. and plant sources like rice, soy, and nuts (Fisberg
and Machado, 2015).

2.1.2 Types of Yoghurt

Weerathilake et al., (2014)) and Ramandeep et al., (2017)) mentioned that different
types of yoghurt are available in different varieties and forms based on the various

factors associated with their production. The numerous categories of yoghurt are:

2.1.2.1 Based on the chemical composition of the milk:

Milk is the major ingredient in yoghurt production, the different variety of nutrient
composition is based on the nutrient of the milk used. Due to diet diversification, milk
type production and dairy diet preference, yoghurt production can come in forms of
regular yogurt or full-fat, low-fat yogurt and non-fat yogurt. Low-fat yogurt and non-
fat yogurt are produced from low-fat milk or partially-skim milk, and skim milk
respectively.

2.1.2.2 Based on the physical nature of the product:

a. Set yoghurt: Set yoghurt is also known as solid yoghurt. It is majorly characterized

as incubated and cooled in final packaging during production.

b. Stirred yoghurt: Stirred yoghurt are known as semi-solid yoghurt. During production
the mixture is incubated, after fermentation breaking is done by stirring before cooling
and packaging.



c. Drinking yoghurt: Drinking yogurt are in fluid state. In production it usually
undergoes the process of homogenization to reduce the particle size which assured the

hydro colloidal distribution and stabilization of protein suspension.

2.1.2.3 Based on the flavour of the product:

a. Plain/Natural yoghurt: It is made to be unsweetened and is a naturally fermented
milk product containing no added colour or any other additives. It is closer to the
nutritional value of milk, provides the nutritional benefits associated with fermentation
and is low in calories. Plain/natural yoghurt has the richest calcium content amongst

other yogurt products.

b. Flavoured yoghurt: Yoghurt comes in different flavours due to different consumer
preference, needs and demands. Flavours are added during production stage based on
the need for a wide array of tastes and to increase the sweetness of the product.

2.1.2.4 Based on the manufacturing processes:

a. Pasteurized and UHT yoghurt: Pasteurized yogurt are prepared after fermentation by
heat treatment with different time-temperature combinations in order to prolong the

shelf life and to reduce the natural tartness of the yogurt.

b. Frozen yoghurt: The Pennsylvania Code defines frozen yogurt as a food which is
prepared by freezing while stirring a pasteurized mix. It is inoculated and incubated to
get the fermented yoghurt product before it is frozen. It is produced to have the same

consistency as ice-cream.

c. Dried yoghurt/yoghurt powder: It is produced by fermenting a non-fat milk with

standard starter culture/microorganism to the right pH and consistency, the freeze

10



drying it to get yoghurt powder. Yoghurt powders ae used in the production of

confectioneries and in baked products.

d. Concentrated yoghurt: After fermentation, the coagulum is broken down then the
yogurt is concentrated by boiling off some water under vacuum conditions. Heating of
low pH Yogurt leads to denaturation of protein which produces a rough and gritty

texture.

2.1.2.5 Based on their production method or Origin:

a. Balkan-style Yogurt: Balkan-style yogurt is also known as set-style yogurt which is
produced to have a characteristic thick texture and made in small and individual
batches. It is incubated for over 12 hours or more until the desired thickness, flavour
and creaminess is attained. It can be used as a substitute for sour cream, salad dressings
or topping. It can also be consumed regularly, either unsweetened, sweetened or with

addition of fruits, cereals or anything of choice.

b. Greek-style Yogurt: It is also known as Mediterranean-style yogurt, it is
manufactured with partially condensed milk or by staining whey from plain yogurt to

make it thicker and creamier. It is available in full-fat and low-fat yogurt.

c. European-style Yogurt/Stirred Curd Yogurt: The European-style yogurt is a type of
stirred yogurt with a characteristic creamy and smooth texture. It is manufactured by
fermenting the yogurt mixture in a large vat instead of individual cups, then cooling
and stirring in order to obtain the creamy texture. It is mostly produced with added

fruits (like blueberries, strawberries, mango, and peach) and flavours.

d. French-style Yogurt: This style of yogurt is also known as custard-style yogurt. It is
made by direct culturing in a pot according to a French culture, its final productisina

pudding-like texture. Sometimes French-style yogurts are flavoured with fruit pieces

11



which is stirred into the mixture. It is known to be a good source of iron, protein and

vitamin A.

e. Fruit Yogurt: Fruit yoghurt can either be produced by setting the fruits at the bottom
of the packaging (sundae-style yogurt) or the uniform distribution of fruit within the
yogurt itself (Swiss-style yogurt). Fruit pieces or pulp are added at production stage, it

produces variety of tastes and increases the consumer appeal and sweetness of yoghurt.

f. Herbal Yogurt: this is produced by the addition of herbal substances, spices and seeds
like cinnamon, fenugreek, Moringa, Ugu etc. during the production process before

fermentation or after fermentation of the yoghurt.

2.1.3 Production of Yoghurt

Yogurt is made with a variety of ingredients including milk, sweeteners, stabilizers,
fruits, flavours, and bacterial cultures (Weerathilake et al., 2014, Corrieu and
Be‘al,2016). Production processes of yoghurt are as follows:

2.1.3.1 Milk Standardization:

In the production of yoghurt, milk standardization is important for the mixing of solid
fat (SF) and solid not fat (SNF) (Ramandeep et al., 2017). According the Codex
Alimentarius Commission, yogurt should have a minimum protein content of 2.7% and
a maximum fat content of 15% in order to achieve this, the FAO/WHO standards
stipulate that milk should be standardized with the minimum SNF and milk fat content
of 8.2% and 3%. The average composition of bovine milk comprised of 4.5% lactose,
3.3% protein, 3.5% of fat and 0.7% mineral matter, to attain the desired SNF content
the milk mixture is fortified with milk powder. (Weerathilake et al., 2014) Stabilizers

such as pectin and gelatin are added to the yogurt mix in order to attain the

12



characteristic properties of yogurt namely, texture, mouth feel, appearance, viscosity
and 10 to inhibit the whey separation, the use of thickeners and stabilizers (gelatin,
pectin, xanthan gum, carrageenan, starch, etc.) at concentrations varying from 5% to
10%is allowed by FAO/WHO to improve the yogurt texture (Corrieu and Be‘al2016).

2.1.3.2 Homogenization:

Homogenization is a size reduction process; it involves the breaking down of fat
globules into smaller size in order to get uniformity and a size of 1um throughout the
yoghurt product (Ramandeep et al., 2017) Homogenization is a very important stage
and process in yoghurt production because it prevents the separation of fat from whey
and also make the creaminess of milk uniform in order to attain a good end product.
Homogenizers and Viscolizer are used in this process. Milk homogenization is
accomplished by forcing the liquid milk through a small opening at a high speed to
break down the fat globules with shearing force (Weerathilake et al., 2014)
Homogenization pressures often range between 10 and 20 MPa for 10 -17 minutes.
Since the efficiency of homogenization is much better when the fat phase is ina liquid
state, the process is usually carried out at high temperatures (55°C to 80°C) (Lange et
al., 2020). Serra et al., (2009) identified that recently, ultra-high-pressure
homogenization are introduced into commercial yogurt production. This has brought
the increase in yogurt firmness and water holding capacity in comparison to the

conventional homogenization process (Ramandeep et al., 2017).

2.1.3.3 Pasteurization (Heat treatment):

The aim of pasteurization in yoghurt production is to rid the milk of all pathogen, to

substantially reduce the total bacterial count for improved quality and to destroy lipase

13



and other milk enzymes. Pasteurization of milk is done using plate heat exchanger at
industrial yogurt manufacturing. The mix is heated at 90 or 95° C for 3—7 min (5min)
before cooling down to fermentation temperature. The heat exchanger can either be for
batch process (Holding method or low temperature long time (LTLT) method) or a
continuous process (High temperature short time (HTST) method) (Corrieu and Be‘al,
2016).

2.1.3.4 Inoculation and Fermentation:

After pasteurization, the temperature of the mix is allowed to reduce to 43-46 °C. 2%
(v/v) of starter culture is added in ratio with the yogurt mix (Weerathilake et al., 2014).
A typical standard starter culture consists of Staphylococcus thermophilus and
Lactobacillus delbrueckii subsp. bulgaricus in 1:1 ratio. In bacterial fermentation,
lactose is converted to lactic acid which reduces the pH of the milk from 11 6.7 to <
4.6 which causes the formation of a gel/coagulation of the protein casein. This process
is known as milk acidification (Lange et al., 2020). During milk acidification, volatile
compounds are produced which gives the yoghurt a characteristic flavour and aroma.
(Ramandeep et al., 2017)

2.1.3.5 Cooling and Packaging:

Packaging and cooing of yoghurt is based on their physical nature, whether it is a stirred
type or a set type of yoghurt. A stirred type yoghurt is produced fermenting the yoghurt
mix in a tank followed by breaking and stirring prior to packaging and cooling. While
a set type yoghurt is produced by filling the mix into the packaging material and
fermenting/incubating in the packaging material, then cooling. According to the USDA

Specifications, after the final steps in manufacturing and/or packaging, the yogurt

14



should be cooled and maintained at temperatures less than 7.2 °C (Weerathilake et al.,
2014)

2.1.4 Nutritional and Health Benefits of Yoghurt

Aryan and Olson, (2017) identified in history during the 1500s, that King
Francis | of France was cured of a severe diarrhea by consuming prescribed yoghurt.
Yoghurt is known to contain the same nutritional profile as milk. Consumption of
yoghurt may lead to enhancement in bone and muscle health of both developing
children and young adults and also the elderly. Calcium, protein and vitamin D are
essential for good muscle and bone growth, development and maintenance. Due to the
rich micro flora (probiotics) in yoghurt which are viable cells, consumption of yoghurt
may lead to the enhancement of immune response and reduction in risk of infectious
diseases associated with gut, stomach and the small intestine. Studies shows that
deficiency of vitamins and minerals leads to immune impairment, micronutrients like
zinc and vitamin B6, beneficial bacteria and protein are essential for the improvement

of human and animal immunity (El-Abbadi et al., 2014).

Weerathilake et al., (2014) stated that the consumption of probiotics are
beneficial in maintaining excellent health and restoring bodily vitality. They also
discovered that probiotics in yoghurt are therapeutic and important in the treatment of
intestinal disorders, as well as the prevention of urogenital infection, constipation relief,
diarrhea prevention, infantic diarrhea prevention, hypercholesterolemia prevention,
colon/bladder cancer prevention, and osteoporosis prevention. Yogurt consumption is
also reported to be effective in cytokine production, T-cell function andnatural Killer-
cell activity, and thereby result an overall immunological enhancement, also provides
preventive effects on the relapse of ulcerative colitis, maintenance of normal intestinal
flora, enhancement of the immune system, reduction of the lactose- intolerance, serum

cholesterol levels, and the enhance ant carcinogenic activity.
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The nutritional composition of yoghurt is said to be similar to that of milk.

Yogurt contains protein, amino acids, carbohydrates, calcium, phosphorus, vitamins

and minerals (Table 2.1). The nutritional composition of yogurt varies according to the

variety or type of Yogurt. He also identified that yogurt is a rich source of riboflavin

(Vitamin B2), thiamin (Vitamin B1), vitamin B12, folate, niacin, magnesium and zinc.

The carbohydrate present in yoghurt is lactose. In total, raw milk contains about 4.6%

lactose content, the amount of lactose is normally lowered by 20- 30% during the

fermentation process by the conversion of lactose into a simpler form of glucose and

galactose due to the metabolic activity of lactic acid bacteria (Ramandeep et al., 2017

Table 2.1 Nutritional composition of different varieties of yoghurt (per 100 g)

Component Whole milk | Low  fat | Non-fat Greek style | Drinking
yoghurt yoghurt yoghurt yoghurt yoghurt
Energy (kcal) 79 56 54 133 62
Carbohydrate 7.8 7.4 8.2 4.8 13.1
(9)
Fat (g) 3.0 1.0 0.2 10.2 Trace
Thiamin(mg) 0.06 0.12 0.04 0.12 0.03
Riboflavin(mg) | 0.27 0.22 0.29 0.13 0.16
Niacin (mg) 0.2 0.1 0.1 0.1 0.1
VitaminB6(mg) | 0.10 0.01 0.07 0.01 0.05
Vitamin 0.2 0.3 0.2 0.2 0.2
B12(mg)
Folate (uQ) 18 18 8 6 12
Carotene (Q) 21 Trace Trace Trace Trace
Vitamin D 0 0.1 Trace 0.1 Trace
Potassium(mg) | 280 228 247 184 130
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Calcium (mg) | 200 162 160 126 100

Phosphorus 170 143 151 138 81
(mg)

Source: Weerathilake et al., (2014)

2.1.5 Raw Materials for Yoghurt Manufacture

Tamime and Robinson (1999) reported that yoghurt is produced using
a variety of ingredients like milk, sweeteners, stabilizers, fruits, flavors, and
bacterial cultures. Milk is the main ingredient employed in yoghurt production. The
type of milk to be used depends on the variety or type of the yoghurt that will be
prepared. Whole milk is used for full fat/regular yoghurt, partially skimmed milk is
used for low fat yoghurt and skimmed milk is used for non-fat yoghurt. Cream or
butter fat is used to regulate the fat content however skim milk powder, whey protein
concentrate are used to raise the total solid content of the yoghurt. Stabilizers are
normally added to the mix to build up the body and texture leading to an increase in
firmness, avoids whey separation, and helps in uniform distribution of constituents.

Moreover, sweeteners are used to enhance the flavour and consumer appeal.

2.1.6 Starter Cultures for Yoghurt Production
2.1.6.1 Lactobacillus bulgaricus

Lactobacillus bulgaricus grows at reasonabliy low pH values (below pH 5.0) and
has most favorable growing temperature of around 37°C. There are various
nutritional benefits from these lactic acid bacteria, such as better absorption of
lactose and control of intestinal infections, control of cancer cells, lowering of serum
cholesterol levels etc (Gilliland, 1990).
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Sanders and Klaenhammer (2001) reported that Lactobacillus
bulgaricus is a probiotic strain of human origin available commonly in usual foods
such as milk, yoghurts, juice and dietary supplements. It is assumed that the strain
is functionally essential to human because of their health favorable effects which
have been built up to ease, prevent several diseases like colon cancer, diabetes, hay-
fever, and lactose intolerance. Lactobacillus bulgaricus is a homo fermentative
species, fermenting sugars into lactic acid and known as Gram positive non-spore-
forming rods with rounded ends that occur one by one and in short chain (Gopal,
2011). Traditional yoghurt is produced from symbiotic growth of starter bacteria
Streptococcus thermophilus and Lactobacillus bulgaricus. To get better health
benefits, the current trend is to add Lactobacillus acidophilus to yoghurt (Ashraf
and Shah, 2011).

2.1.6.2 Streptococcus thermophilus

Rasic and Kurmann (1978) stated that the growth temperature for S. thermophilus
varied from 20°C to 50°C with an optimum of 40°C to 45°C. According to Carper
(1998), yoghurt containing S. thermophilus and L. bulgaricus reduced the rate of
lung cancer in mice. It is a thermophilic lactic acid bacterium (LAB) commonly
used in the production of yoghurt products and can be considered as the important
industrial dairy starter after L. lactis (Hols et.al., 2005). Combinations of probiotic
commodities containing S. thermophilus helped to increase gastrointestinal
function, for example prevention of rota viral diarrhea in infant and reduce the
severity of Necrotizing Enterocolitis in neonates (Saavedra et. al., 1994; Bin-Nun
et.al., 2005).
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2.2 MILLETS

Millets are annual small-seeded cereal crops grown all over the world for food, feed,
forage and fuel. There are about 20 different species of millets. Commonly cultivated
species include proso millet (Panicum miliaceum L.), pearl millet (Pennisetum
glaucum (L.)), finger millet (Eleusine coracana Gaertn.), kodo millet (Paspalum
scrobiculatum L.), foxtail millet (Setaria italic (L.) P. Beauvois), little millet (Panicum
sumatrense Roth ex Roem. & Schult.) and barnyard millet (Echinochloa esculenta
(A.Braun) H.Scholz). Though they belong to the Poaceae family, a significant
morphogenetic diversity exists at species, genus and subfamily levels. They differ at
their genome size, ploidy levels and breeding systems. Millet is the world’s sixth most
important cereal grain supporting as a major source of energy and protein for millions
of people in India, Africa, and China, and especially for the people living in arid and
semiarid regions. Millets are cultivated globally with major contributions from India,
Nigeria, Niger, China, Mali and Burkina Faso. Asia (48%) and Africa (48%) dominate
the production of millet compared to Europe (3%) and America (1%). Short duration
and wide adaptability under different environmental conditions make millet one of the
most suitable crop for sustainable agriculture and future food security Millets can give
significantly higher yields on marginal lands with low fertility and low input
agricultural systems compared to many other crops. Millet can serve as a saviour for
the world’s rapidly increasing population with the potential to avert food shortage and

famine.

2.2.1 Nutritional Values of Millets

Millet grains are nutritionally comparable and even superior to major cereals
with respect to protein, energy, vitamins, and minerals (Sehgal and Kawatra, 2003).
Millets are the rich source of minerals, nutraceuticals, and higher dietary fibers than
rice or wheat and contains 9-14% protein, 70-80% carbohydrates (Hadimani and

Malleshi, 1993). These are rich sources of phytochemicals and micronutrients (Singh
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et al., 2012b). The nutritional status of a community has therefore been recognized as
an important indicator of national development (Singh and Raghuvanshi, 2012). In the
face of increasing population and stagnant wheat and rice productions, millets can be
a promising alternative in solving the problem of food insecurity and malnutrition. The
quality of protein is mainly a function of its essential amino acids. Finger millet
contains 44.7% essential amino acids (Mbithi et al., 2000) of the total amino acids,
which is higher than the 33.9% essential amino acids in FAO reference protein (FAO,
1991). The characterization of the proteins of millet grains shows that prolamin fraction
constitutes the major storage protein of the grain and lysine is the most limiting amino
acid followed by cystine but millets are relatively high in methionine (Monteiro et al.,
1987; Sudharshana et al., 1987; Kumar and Parmeswaran, 1999). The true digestibility
and biological value of these millets ranges between 95.0 to 99.3 and 48.3 to 56.5
respectively (Geervani and Eggum, 1989b). Among the millets, pearl millet (Bajra) has
the highest content of macronutrients, and micronutrients such as iron, zinc, Mg, P,
folic acid and riboflavin, significantly rich in resistant starch, soluble and insoluble
dietary fibres (Antony et al. 1996; Ragaee et al., 2006). Finger millet seed coat is an
edible material and contains good proportion of dietary fibre, minerals and
phytochemicals. The seed coat matter (SCM) forms a by-product of millet milling,
malting and decortication industries and can be utilized as composite flour in biscuit
preparation (Krishnan et al., 2011). Finger millet (ragi) is an extraordinary source of
calcium. Kodo millet and little millet are also reported to have 37% to 38% of dietary
fiber, which is the highest among the cereals and though low in fat - Jaybhaye et al

It is also rich in essential amino acids, like lysine, threonine, valine,
sulphur containing amino acids and the ratio of leucine to isoleucine is about 2
(Ravindran, 1992; Antony et al., 1996). Kodo millet has the highest free radical
(DPPH) quenching activity followed by great millet (sorghum) and finger millet
(Hegde and Chandra, 2005). Sorghum is exceptionally high in antioxidant activities
followed by millets. Millets are valued for their high content of vitamin B, folic acid,

phosphorus, iron and potassium. Finger millet contains 16 times more calcium than
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maize. The niacin content in pearl millet is higher than all other cereals. In addition,
millets are gluten-free, easy to digest and are a great source of antioxidants and might
have anti-carcinogenic properties (Dykes and Rooney, 2006). The lipid content is
generally high (3-6%) for pearl millet, higher than for sorghum and most other
common cereals. About 75% of the fatty acids in pearl millet are unsaturated and
linoleic acid is particularly high (46.3%). For this reason, energy content of millet is
greater than sorghum and nearly equal to that of brown rice. Finger millet are good

source of dietary calcium and magnesium and iron content is significant.

2.2.2 Traditional Uses of Millets

Millet grains are important as food for poor families to battle mal- nutrition
and a chief source of income. In traditional systems, indigenous knowledge plays a
central role in disease diagnosis and health care practices. Celiac disorder is an
immune-mediated enteropathy which is triggered by intake of gluten rich food (Becker,
Damiani, Melo, Borges, & de Barros Vilas Boas, 2014). Millets are gluten-free food
and can be a substitute for celiac diseases and gluten sensitive patients (Annor,
Marcone, Corredig, Bertoft, & Seetharaman, 2015; Saleh et al., 2013). Polyphenols of
millets exhibit inhibitory activity against its malt amylase, aldose reductase of cataract
eye lenses and snake venom phospholipases (Mathanghi & Sudha, 2012). Phenolics of
finger millet seed coat were reported to decrease hyperglyce- mia by blocking the a-
amylase and a-glucosidase enzyme activity (Shobana, Sreerama, & Malleshi, 2009).
Seed coat phenolics of finger millet are also reported as an inhibitor of cataractogenesis
in human eye lenses (Chethan, 2008). Food processing techniques, such as soaking,
germination, fermentation, and puffing of millets enhance the nutritional quality of
millets, improve digestibility with reducing antinutrient content in their cereals (Handa,
Kumar, Panghal, Suri, & Kaur, 2017; Jaybhaye & Srivastav, 2015). The presence of
antinutri- ent in finger millet was reported to lower glycemic effect, reduced starch
digestibility, and absorption (Kumari & Sumathi, 2002). Pearl millets were
traditionally consumed for the treatment of celiac dis- order, constipation and several
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non-communicable diseases (Jnawali, Kumar, & Tanwar, 2016). In China, foxtail
millet is highly appreci- ated for its high nutritional value, easily digestible and non-
allergic properties and also it plays a significant role in human health. The fermented
products of millets are consumed as probiotics and recommended for the treatment of
diarrhea in young children (Manisseri & Gudipati, 2012; Nduti et al., 2016).

2.2.3 Types of Millets
2.2.3.1 Finger Millet

Finger millet, one of the oldest crops in India is referred as “nrtta-kondaka” in the
ancient Indian Sanskrit literature, which means “Dancing grain,” was also addressed as
“rajika” or “markataka” (Achaya, 2009). Earliest report of finger millet comes from
Hallur in Karnataka of India dating approximately 2300 BC (Singh, 2008). There is
some debate as to the origin of finger millet, and there are theories that finger millet
might have travelled to India by sea from Arabia or South Africa or across the Indian
Ocean in both directions (Achaya, 2009).

Nutritionally, FM is considered a good source of essential nutrients. FM is substantially
rich in minerals, thus being declared more micro-nutrient dense than riceand wheat.
Table 1 depicts the nutritional composition attributed to FM grain. The millet contains
about 65%-75% carbohydrates, 5%—-8% protein, 15%-20% dietary fiber, 2.5%-3.5%
minerals, and 1%—-2% ether extractives (a portion of dry matter extracted with ether)
(Devi et al., 2014). The major portion of carbo-hydrates in FM includes starch (60%),
pentosans (6.2%—7.2%), cellulose (1.4%-1.8%), and lignins (0.04%-0.6%) (Hassan et
al., 2021). Furthermore, FM also contains a higher amount of total dietary fiber
(17.10%-18.90%) and insoluble dietary fiber (13%— wheat and rice. FMs' dietary fibers
mainly include non-starch poly-saccharides, non-a-glucan oligosaccharides, resistance
starches, some polyols, and modified starches (Lafiandra et al., 2014). Non-starchy

polysaccharides are primarily made up of “arabinoxylans”
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(principal non-starch compound), with a small number of B-d-glucans, contributing the
main component of the fraction of soluble dietary fiber in grain (Udeh et al., 2017). It
contains less protein content than other millets, it is enriched with a balanced amino
profile and higher sulfur-containing amino acids. It is estimated that 44.7% of the
amino acids in FM are essential amino acids, which is higher than wheat, rice, and the
FAQ reference protein (33.9%). There are abundant amounts of lysine and methionine
in FM, which are lacking in other plant diets (Abioye et al., 2022). In relation to
nutritional value, the protein quality score of FMs is 52 higher than that of sorghum
(37) and the protein efficiency ratio is 0.95, comparable to that of control casein (1.9)
(Shobana et al., 2013). The low-fat content in FM (1.3%-1.8%) makes it suitable for a
good shelf life. The amounts of free, bound, and structural lipids in FM are 2.2%, 2.4%,
and 0.6%, respectively. Regarding fatty acids, they comprise two beneficial
polyunsaturated fatty acids, linoleic acid and a-linolenic acid, which play a vital role
in metabolism and the normal development of the central nervous system. The major
fatty acids found in decorticated FM, oleic acid (50.43%), palmitic acid (26.18%), and
linoleic acid (20.26%), are the most abundant, while stearic acid (0.12%) and linolenic
acid (2.60%) are present in relatively low concentrations (Mitharwal et al., 2021). It is
also the richest source of calcium (344 mg/100 g of FM) and potassium (408 mg/100 g
FM) among all other cereal crops like brown rice, wheat, or maize (Gull et al., 2014).
It is also reported to contain an appropriate amount of iron (3.9 mg/100 g). Both water-
soluble and fat-soluble vitamins, vitamin Bl (thiamin), vitamin B2 (riboflavin),
vitamin B3 (niacin), and vitamin E (a-tocopherols), are present in significant amounts
(Kumar et al., 2016). It was reported that FM levels of vitamin B1, B2, and B3 were
0.38 mg/100 g, 0.14 mg/100 g, and 1.1 mg/100 g, respectively, which are equivalent to
35%, 12%, and 8% of the recommended daily allowance for healthy adults (Taylor &
Kruger, 2016).
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2.2.3.2 Foxtail Millet

Foxtail millet (Setaria italica) is one of the most important food crops of the semiarid
tropics, beginning in China, continuing through India and extending over most of
Africa and parts of Southern U.S.A. It plays a very important role in the agriculture and
food of many developing countries because of its sustainability to grow under adverse
heat and limited rainfall conditions. This cereal is also known as Italian millet. In India,
this millet is grown primarily in the hot drought — prone arid and semiarid zones —and
used mostly for food purposes especially by people of economically weaker sections.
This millet contains 12.3% crude protein and 3.3% minerals (Gopalan et al. 1987). It
could be milled to remove the husk, cooked and puffed for use in the breakfast and
specialty foods and malted for use as an adjunct in brewing and also in the development
of high-calorie density of weaning foods (Malleshi and Desikachar 1985). However,
because the grains are coarse, the edible portion of this millet is only about 79%, an
indication of the presence of a high amount of fiber. The fiber is associated with
polyphenols and phytate, which reduce the availability of proteins and important
minerals especially iron and zinc. The removal of these by simple processing
techniques such as dehulling, soaking and cooking provides an opportunity to test this

millet for protein and phytate and tannin contents.

2.2.3.3 Proso Millet

Proso millet was likely domesticated in China sometime around 10,000 BP. Current
archeological theorists believe that proso millet domestication took place around the
beginning of the Holocene as global temperatures became warmer and hunter-gatherers
were exposed to new plants and environments (Bettinger et al., 2007, 2010a,b). A wild
ancestor for proso millet has yet to be identified (Miller et al., 2016); however, weedy
forms of millet, which may include a wild progenitor, are found across Eurasia (Zohary
etal., 2012). Chromosomal in situ hybridization with genomic DNA and phylogenetic
data provide evidence of the allotetraploid origin of proso millet, with Panicum
capillare or a close relative, and Panicum repens as ancestors (Hunt et al., 2014).
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The protein content in proso millet is around 11% (dry basis) (Kalinova and Moudry,
2006). They reported that the proso millet protein is richer in essential amino acids
(leucine, isoleucine, methionine), compared to wheat. Hence, the protein quality of
proso (Essential Amino Acid Index) was higher (51%) compared to wheat. (Lorenz and
Dilsaver, 1980) conducted a thorough study on the milling characteristics and
proximate composition and nutritive value of the proso-millet flours. Compared with

wheat, millet flours were high in ash and crude fat and were higher in protein content.

2.2.4 Millet Milk

Millets have the potential to be a good source of dairy substitutes when these aspects
are taken into account. It fills up the gap in other sources due to its high protein content,
lower starch level, moderate flavour, and few calories. Millets are an excellent crop for
use as a dairy substitute through value addition due to their widespread cultivation and
reputation for thriving with little maintenance. Millet milk is primarily selected due to
its better nutritional value compared to other plant milk sources. This makes it an
excellent dairy substitute especially in the current trend toward high nutritional value
and low-calorie diets (Raajeswari & Nithya, 2018). It was reported that millet milk
retains its nutritional stability at both high and low processing temperatures (U. K. et
al., 2020).
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CHAPTER III
MATERIALS AND METHODS

This chapter deals with the materials used and methodology followed for the
development and quality evaluation of millet-based yoghurt and are discussed under

the following sections.

3.1 RAW MATERIAL

Pasteurized homogenized milk (Milma) were procured from milk booth. The
millets viz., ragi, proso and foxtail were purchased from the supermarket. Greek starter
culture containing strain such as Lactobacillus bulgaricus, Streptococcus
thermophilus, were purchased from M/S Tempeh Chennai and it was preserved under

refrigerated condition till the conduct of experiment.

3.2 DETERMINATION OF PHYSIO-CHEMICAL PROPERTIES OF COW
MILK AND MILLETS

By using the standard methods, physio-chemical properties of cow milk and
millets (ragi, proso and foxtail) viz. colour, moisture content, ash, crude fat, crude fibre,

crude protein and carbohydrate were determined.

3.3 PREPARATION OF MILLET- BASED YOGHURT
3.3.1 Preparation of finger millet-based yoghurt

The finger millet about 500g was weighed and cleaned thoroughly with water. It was

then soaked in water for 24 hr. After soaking period, the water was drained out and
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millet was ground with water in the ratio 1:2 (water to millet ratio). The finger millet

milk was extracted using muslin cloth.

Cow milk and the prepared finger millet milk were prepared and then thoroughly mixed
for homogeneity. The mixed milk was then pasteurized in a cooking pot for 15min at
85°C. This was done to achieve a sterile and conducive environment for the starter
culture and to denature and coagulate whey proteins to enhance the viscosity and
texture of the product. The pasteurized millet milk was allowed to cool to a temperature
of 43-45°C before it was inoculated with the starter culture for 6 hours at 40-45°C. The
finger millet-based yoghurt was done. The flow chart for millet yoghurt production is

shown below in fig 3.1

Finger millet

l

Washing

A 4

Soaking (24hr)

v

Grinding

l

Extracting finger millet milk

l
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Finger millet milk + cow milk

|

Pasteurization (85°C for 15 min)

'

Cooling to incubation temperature (45°C)

‘L

Inoculation of starter culture (42-44°C)

v
Incubation for 6 hr

v
Refrigeration

Fig 3.1 Preparation of finger millet-based yoghurt

3.3.2 Preparation of proso millet-based yoghurt

The proso millet-based yoghurt were prepared as per the procedure discussed in section

3.2.1 The flow chart for the production of proso millet yoghurt is given below in fig
3.2
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|

Incubation for 6 hr

|

Refrigeration

Fig.3.2 Preparation of proso millet-based yoghurt

3.3.3 Preparation of foxtail millet-based yoghurt

The foxtail millet-based yoghurt was prepared as per the procedure discussed in section

3.2.1. The flow chart for the production of proso millet yoghurt is given belowin fig 3.3
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|

Foxtail millet milk + cow milk

|

Pasteurization (85°C for 15 min)

|

Cooling to incubation temperature (45°C)

|

Inoculation of starter culture (42-44°C)

|

Incubation for 6 hr

|

Refrigeration

Fig 3.3 Preparation of foxtail millet-based yoghurt
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Table 3.1: Yoghurt Samples Proportion

Yoghurt samples Cow milk % Millet milk %
Finger Millet (Ragi)

R1 90 10
R2 80 20
R3 70 30
Foxtail Millet

F1 90 10
F2 80 20
F3 70 30
Proso Millet

P1 90 10
P2 80 20
P3 70 30
CONTROL 100 0

*R=Ragi, F=Foxtail Millet, P=Proso Millet, CONTROL=Control
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3.4 EXPERIMENTAL DESIGN

Based on the detailed review of literature and the preliminary studies conducted, the
independent variables were chosen as types of millet, millet and milk ratio. The sensory

qualities and nutritional qualities were the dependent variables.

3.4.1 Development of Millet Based Yoghurt
a. Independent Variables
Types of Millet

I. R :Finger Millet (Ragi)
ii. F :Foxtail Millet
iii. P :Proso Millet

Millet and Cow Milk Ratio (millet milk: cow milk)

I.  R1:10% Ragi milk and 90% cow milk

ii. R2:20% Ragi milk and 80% cow milk

iii.  R3:30% Ragi milk and 70% cow milk
iv.  F1:10% foxtail milk and 10% cow milk
v. F2:20% Foxtail milk and 80% cow milk
vi.  F3:30% Foxtail milk and 70% cow milk

vii.  P1:10% Proso milk and 90% cow milk

viii. P2 :20% Proso milk and 80% cow milk

iX. P3:30% Proso milk and 70% cow milk
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b. Dependant Variables

° pH
e TSS
e SNF

e Titratable Acidity
e Carbohydrate

e Crude protein

e Fat

e Ash

e Moisture content

e Sensory Attribute

3.5 SENSORY ANALYSIS OF YOGHURT SAMPLES

Samples of the product were evaluated using nine-point hedonic scale methodand
overall acceptability by 15 panelists drawn from students and staff of Kelappaji College

of Agricultural Engineering and Technology, Tavanur, Malappuram.

They were served coded samples of the product and were asked to
compare for appearance/colour, flavour, odour, taste, texture, mouthfeel, and overall
acceptability using a 9-point Hedonic scale test with 9indicating extreme acceptance
and 1 indicating severe dissatisfaction as shownin the table below.
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Table 3.2 9-point hedonic scale

9-Point Hedonic Scale
Dislike Extremely 1
Dislike Very Much 2
Dislike Moderately 3
Dislike Slightly 4
Neither Like nor Dislike 5
Like Slightly 6
Like Moderately 7
Like Very Much 8
Like Extremely 9

The products were analysed by 15 untrained consumers. Nine samples were kept for
sensory analysis including a control of fresh yoghurt purely made onlyfrom cow milk.
To unify the conditions of the evaluation, all samples were prepared in disposable cups
coded. Evaluation of these samples were done byeach panellist in a monadic order,

following a balanced incomplete box design(Stone et al., 2020)

The samples were served altogether in one session and sample’s identities
were kept hidden. During the test, the panellist was asked to pause between the samples

and cleanse their palates with prepared tap water at roomtemperature.

36



Fig.3.4 Sensory evaluation of the developed yoghurt samples

3.6 OPTIMIZATION OF PROCESS VARIABLE FOR THE
PREPARATION OF YOGHURT SAMPLES

Nine treatments were selected in this study. The optimization of process

parameters was done based on the sensory evaluation of the developed samples.

3.7 DETERMINATION OF PHYSIO - CHEMICAL PROPERTIES OF
OPTIMIZED MILLET BASED YOGHURT SAMPLES

The physio-chemical properties of the optimized yoghurt samples were conducted
and are discussed under subsequent sections.

3.7.1 pH measurement

The pH of the freshly prepared yoghurt samples was determined using a digitalpH
meter (M/s. Systronics; Model MK V1) shown in Plate 3.1. Initially, the pH meter
was standardised with distilled water of pH 7.0 and standards of pH
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4.0, 7.0 and 9.0. Samples was taken in a beaker and the electrode of pH meter
was immersed in the sample. The reading was directly recorded from the pH
meter. This procedure was repeated thrice for precision and the average value
was noted (AOAC, 1990).

Plate 3.1. pH Meter

3.7.2 Total Soluble Solids

Total soluble solid (TSS) of freshly prepared yoghurt was measured using a
hand refractometer (Erma inc, Tokyo) as shown in plate 3.2. One or two drops
of the prepared sample were placed on the hand refractometer for TSS

measurement. It was expressed in degree Brix (AOAC, 1990).
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Plate 3.2. Refractometer

3.7.3. Total Titrable Acidity

Acidity of powder sample was determined by titration method (AOAC, 2005). 10 ml
of diluted powder sample (one gram powder in 10 ml distilled water) was taken in a
conical flask and two to three drops of phenolphthalein indicator were added to it. This
solution was titrated against 0.1N NaOH until the point that light pink end point showed
up. Volume of 0.1N NaOH used was recorded. This procedure was carried out three
times and the average value was considered as acidity of the sample. The acidity of

yoghurt sample was calculated using Eq (1).

% Acid
Eq.weight of acid X titre value X normality of NaOH X volume made up X 100

1000 X volume of aliquot taken for titration X volume of sample

...Eq (1)
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3.7.4 Proximate Analysis of Yoghurt Samples

3.7.4.1 Carbohydrates

Total Carbohydrate content of the yoghurt samples was determined by anthrone
method. Carbohydrates are first hydrolysed into simple sugars using dilutehydrochloric
acid. In hot acidic medium glucose is dehydrated to hydroxymethyl furfural. This
compound forms with anthrone a green-coloured product with anabsorption maximum
at 630 nm.

In the boiling tube 100 mg of yoghurt samples was weighed using weighing balance as
shown in plate 3.3 and hydrolysed for three hours with 5 ml of 2.5 N HCL by using
boiling water bath and cooled to room temperature. Sodium carbonate is added to the
above solution to neutralize it. Then the solution is made up to 100 ml and centrifuged
to collect the supernatant. Then 0.5 ml and 0.1 ml of the supernatant solution was taken
as test solution. The standards were prepared by taking 0,0.2,0.4,0.6,0.8 and 1 ml of
the glucose working standard. In the test tube volume is made up to 1 ml in all tubes
with distilled water. Then add 4 ml anthrone reagent to all tubes and heat for 8 minutes.
Cool rapidly and read at 630 nm using spectrophotometer as shown in plate 3.4. Draw
a standard graph by plotting concentration of the standard against absorbance and

calculate the amount of carbohydrate in the yoghurt samples using the graph.

Amount of carbohydrate present in 100 mg of sample
mg of glucose x 100

"~ volume of test sample

.Eq )
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Plate 3.3. Spectrophotometer

3.7.4.2 Protein

Protein estimation by Lowry's method involves various materials and reagents,
including 2% Sodium Carbonate in 0.1 N Sodium Hydroxide (Reagent A), 0.5%
Copper Sulphate in 1% potassium sodium tartrate (ReagentB), alkaline copper solution
(Reagent C), and Folin-Ciocalteau reagent (Reagent D). The principle of the method
relies on the development of a blue color resulting from the reduction of
phosphomolybdic-phosphotungstic components in the Folin-Ciocalteau reagent by
amino acids like tyrosine and tryptophan present in the protein. Additionally, the color
developed by the biuret reaction of the protein with alkaline cupric tartrate is measured
in Lowry's method.

The procedure involves the extraction of protein from the sample, typically carried
out with buffers used for enzyme assays. The sample is weighed, ground, and
centrifuged, and the supernatant is used for protein estimation. Inthe estimation step,
working standards and sample extracts are pipetted into test tubes, and reagents C and
D are added successively. After incubation, thedeveloped blue color is measured at 660

nm, and a standard graph is drawn for protein quantification.

For calculation, the amount of protein is expressed in mg/g or 100 g of the sample.

41



3.7.4.2 Crude fat

The fat content of the sample was estimated by the method described by (Cohen, 1917).
The lipid in the sample was extracted with petroleum ether (60-80°C) in Soxhlet
apparatus for four hours as shown in plate 3.5. Then the solvent was evaporated and
the remaining residue was weighed. The fat content was expressed as percentage.

(W3—W2) x100

Crude fat % = ...Eq(3)

w1

W1 = Weight of sample used
W>=Weight of flask

W3= Weight of flask with fat residue

Plate 3.4 Soxhlet Apparatus
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3.7.4.3 Crude fibre

Crude fibre content was determined as per the method described by (Maynard,
1970). The dried sample was taken in the pre weighed glass crucible (W1) it
was placed in crucible holder with the glass extractor. 150 ml of pre heated
1.25% H>SO4 was added in the extractor and the contents are boiled for 30
mins at 500°C and 30 mins for 400°C. The acid residue was drained out from
the extractor through fibre flow system. The residue was washed with distilled
water. Then 150 ml of pre heated 1.25% NaOH added and digested for 30
mins at 500°C and 30 mins at 400°C. Then the residue was washed with

distilled water and dried for two to four hours at 100°C, cooled and weighted.

(W3—W2)X100

Crude fat % = ...Eq(4)

w1

W1 = Weight of sample used
W>-Weight of crucible

W3= Weight of residue with crucible

Plate 3.5 Crude Fibre Apparatus
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3.7.4.4 Moisture content

The moisture content of the yoghurt sample was determined using infrared moisture

meter.

Plate 3.6. Infrared moisture meter

3.7.4.5 Ash Content

The ash content was determined by the direct heating method as contain in AOAC
(2005). In this method, 2g each of the samples was measured into a crucible of known
weight, the sample was burnt to ash in a muffle furnace for 3h at 5500C. It was then
cooled in a desiccator and the weight of the ash was finally determined. The % Ash

content was calculated as;

% Ash = =2 % 100 ...[Eq (5)
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Where;

W1 = Initial weight of the sampleW; =
Weight of the dried sample

3.7.4.6 Total Solids-Non-Fat

The total solids-not-fat was determined as described by AOAC (2005). It wasobtained
by taking the difference between % Total Solids and % Fat content.

That is:

% Solids-Not-Fat = % Total Solids - % Fat content  ...Eq (6)

3.8 MICROBIAL ANALYSIS AND SHELF-L I FESTUDIES OF OPTIMIZED
MILLET BASED YOGHURT SAMPLES

The analysis was done for the determination of total yeast and mould
count. YGC agar (Yeast Extract Chloramphenicol Agar) were used forthe microbial
analysis. First is the sterilisation process in which agar media and glass wares were

autoclaved at 121°C for 15 min to make them sterile.

To get 107 dilution, one gram of the powder sample was taken andadded
to 10 ml of sterile water blank. Suspension was shaken well for 10 to 15 min to get
homogenised suspension of microorganisms and this gave a dilution of 10, One
ml from (107 this dilution was transferred to 9 ml of sterile water blank with a

sterile one ml pipette, which gave a dilution of 102
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The process was repeated up to 107 dilutions with the sterile water blank. Oneml
aliquots from all dilutions were relocated to the sterile Petri dishes with respective agar

media for the enumeration

of microbes. About 15-20 ml of growth media were poured to plates at temperature

(45-50°C) and the plates were rotated clockwise and anticlockwise directionson a flat
surface to have a uniform distribution. Plates were kept undisturbed until the agar gets
solidify. After solidification, the plates were inverted and incubated at 42°C for 72 h.
The colonies were counted after the incubation period and the number of colonies
forming units per millilitre of sample and survival rates were calculated by applying

the following formulas:

CFU __ mean no.of CFUFs xDilution Factor Eq (7)

ml Volume of sample plated (ml)
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CHAPTER IV

RESULTS AND DISCUSSIONS

This chapter presents the details of the development of millet-based yoghurt as well as

the results of the observations and analysis carried out in the study. The physio-

chemical analysis of cow milk, millets and millet-based yoghurts, optimization for

process parameter of yoghurt and shelf-life studies of the optimized yoghurt are

elaborated in this chapter.

4.1. PHYSIO -CHEMICAL PROPERTIES OF COW MILK ANDMILLETS

The physio-chemical properties of cow milk, finger millet, proso millet and foxtail

millet are given below.

Table 4.1 Physio-chemical properties of cow milk, finger millet, proso milletand foxtail

millet.
RAW MATERIALS
PROPERTIES
Cow Milk Finger Millet Proso Millet Foxtail Millet
Colour L*=81.0+8.1 | L*=19.23+0.42 | L*=76.14+£0.75 | L*=61.38+2.21
a*=-1.5+3 a*=18.28+0.81 a*=56+0.05 a*=3.91+0.05
b*=7.5+4.4 | b*=19.38+0.15 b*=1.57+0.19 b*=16.2+0.65
Moisture 87.2 7.8 8.34 10.46
content (%)
Ash (%) 0.72 2.7 1.66 0.47
Crude fat(g) 3.7 1.8 4.9 2.38
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Crude fibre(g) 0 35 0.7 8

Crude Protein(g) 3.5 8.2 11.58 115

Carbohydrate(g) 4.9 83.3 80.1 75.2

4.2 DEVELOPMENT OF MILLET-BASED YOGHURT

Millet-based yoghurt samples was developed from three types of millets viz. finger
millet, foxtail millet, proso millet. For the optimization of millet-basedyoghurt nine
types of treatments were made by selecting difference in concentration of millet milk
and cow milk as a process parameter. The nine millet-based yoghurt samples developed
are listed in table 3.1. These nine millets- based yoghurt samples were then kept for
sensory analysis for optimization.

4.3 SENSORY ANALYSIS OF DEVELOPED YOGHURT SAMPLES

The developed millet-based yoghurt along with control was subjected to

sensory evaluation by a panel of 15 untrained members by nine point-hedonic scale.

Following is the 9 developed millet-based yoghurt samples

R1 :10% Ragi milk and 90% cow milk
ii.  R2:20% Ragi milk and 80% cow milk
iii.  R3:30% Ragi milk and 70% cow milk
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iv. F1:10% Foxtail milk and 10% cow milk
v. F2:20% Foxtail milk and 80% cow milk
vi.  F3:30% Foxtail milk and 70% cow milk
vii.  P1:10% Proso milk and 90% cow milk
viii. P2 :20% Proso milk and 80% cow milk
iX. P3:30% Proso milk and 70% cow milk

The sensory evaluation was carried out on the basis of appearance, flavour, odour,
texture, taste and overall acceptability of the developed product. The sensory
evaluation of the millet enriched product revealed that there were significant
differences among the treatments for the organoleptic qualities. Considering the results
of sensory evaluation, the best product was selected. The selected product was the one
which was of good taste and overallacceptability. and were given in Table 4.2. P1 and
R2 are the two product thatfinally selected after sensory analysis for further methods

and determination.

The sample that had the highest appearance acceptability was CONTROL and
the sample with the lowest appearance acceptability was F1.There was no significant
difference among the appearance in F2, F3 and P3 samples. There was no significant
difference among P1 and R3 samples in appearance. The sample CONTROL had a
significant difference inappearance from the other samples. The samples enriched with
finger millet and proso millet had the best appearance acceptability than the other

enrichment sources.

The samples enriched with R2 and P1 has the most acceptable taste than those
enriched with other millet sources. CONTROL had the highest tastequality and F3 had
the least taste quality. There was no significant differencebetween the value of F2 and

P3 samples in taste.
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CONTROL had the highest texture parameter value. There was no significant
difference between F2 and P3 samples and also R2, F3, F1 and P2samples. R3 had the
lowest aroma property value and P1 and P3 had the highest. The samples enriched with
ragi millet had the least aroma acceptability and proso millet having the best among

the millet enriched sources.

CONTROL had the highest mouthfeel value and then R1 and P1 had the
highest mouthfeel value. There was no significant difference among P1 and R1 samples
in mouthfeel. The sample with the highest overall/generalacceptability was recorded as
CONTROL and F1 had the lowest. The sampleenriched with proso millet had the
highest overall/general acceptability than the other enrichment sources. There were no

significant difference between P3 and R3 samples in general acceptability.

Among the enriched yoghurt samples, P1 was the most preferred after controland then
R2 was the most preferred as shown in fig4.1. P1 and R2 were the two products that

was finally selected for further studies.

Table 4.2 Sensory evaluation

SAMPLE R1|F2 |P3 |R2|F3 |P1 |R3|F1 | P2 | CONTROL

CODE A B |C D J|E F |G |H |I |J

APPEARANCE 7 |76|76|71/75/69|68|72|75]|8

ODOUR 6.7/69|7 |66|65|7 |62]63|68]|75
FLAVOUR 65(62|62|71/55|7 |67|56|6 |78
TEXTURE 69|72|72|67|67|73/69|6.7|6.7|8
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MOUTHFEEL 7216 |63|7 |61]72]65]/61|63]|79

OVERALL 711657 |71]61|75|7 |58|68]|8
ACCEPTABILITY

*R = Ragi milk-based yoghurt, F = Finger milk-based yoghurt, P = Proso milkz
yoghurt, CONTROL = Control

Sensory Evaluation

s ADpearance e O clOUr Flavour

Texture Mo uthfeel === Overall acceptability

Fig 4.1 Radar chart of sensory evaluation

52



44 OPTIMIZATION OF PROCESS VARIABLE FOR THE
PREPARATION OF YOGHURT SAMPLES

Based on the sensory evaluation of the developed nine treatments P1 and R2 was
selected for further studies. P1 contains 10% proso milk and 90% cow milk and R2

contains 20% ragi milk and 80% cow milk.

45 PHYSIO- CHEMICAL COMPOSITION OF OPTIMIZED
YOGHURT SAMPLE

4.5.1.1 pH

The pH content of the samples R2, P1 and CONTROL was recorded as 4.43,4.53, and
4.6 respectively. The pH of the samples enriched with ragi and prosomillet shows a slight
difference than the control sample. This suggests that therate of acid generation by the

starter culture was affected by the addition of millet milk.

Ademosun et al., (2019) enriched yoghurt with tomato juice and reported pH level
which ranged 4.14 to 4.25. Ezeonu et al., (2016) conducted analysis on coconut, tiger
nut and fresh cow milk yoghurt, and was reported the pH to range from 4.21 to 51 4.52.
%. Mbaeyi-Nwaohaet et al., (2017) analyzed flavoured yoghurt enriched African bush
mango and recorded the pH to rangefrom 4.69 to 5.01. The result of the pH levels
recorded above shows that the pH of plant-based yoghurt enrichments is along the same
pH levels of acidity. According to FDA standards for yoghurt pH (4.6 or below), the
pH findings for yoghurt are within specifications and within the Food Health 9(1),43-60
(2023).
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452 TSS

TSS of yoghurt samples was tested by using a hand refractometer. The TSS ofthe
samples R2, P1 and CONTROL was recorded as 9.3°B, 10°B and 8.5 °B. Result shows
that there is an increase in TSS with the addition of millet milk.This might be due to
the increased solid content in millet milk. Similar resultwas observed by Saranya

(2015) in the case of microencapsulated banana pseudo stem juice powder.

4.5.2.1 Titrable acidity

The total titratable acidity of the samples was 0.99%, 0.93%, 0.9% for R2, P1,
CONTROL respectively. The samples enriched with ragi increased in total titratable
acidity when compared with proso and control. The data analyzed showed that yoghurt
samples enriched with plant-based sources had more titratable acid than yoghurt. This
could be due to the acid content of the individual plant products. Ezeonu et al., (2016)
conducted analysis on coconut, tiger nut and fresh cow milk yoghurt, and reported the

titratable acidof the yoghurt samples to had ranged from 0.60 to 0.81%.

Table 4.3 Physio-chemical composition of optimized yoghurt samples

Samples pH Total Titrable
Soluble Acidity
Solids(°B) (%0)

R2 4.43 9.3 0.99

P1 4.53 10 0.93

CONTROL 4.7 8.5 0.9
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4.5.3 Proximate Analysis of optimized yoghurt sample
4.5.3.1 Moisture Content

The moisture content of the samples was 85%, 82.01% anCd 84.3% for CONTROL,
P1 and R2. This value corresponded with the report by Ahmad, (1994) who stated that
the maximum moisture content of yoghurt should be 84% , as much water in yoghurt

makes it less viscous thereby affecting textureand mouth feel.

4.5.3.2 Ash Content

The ash content of the samples was 0.52%, 0.61% and 0.79 % for CONTROL, P1 and
R2 respectively. The results showed significant differencebetween all the samples in
their ash content. The ash value is an index of mineral content, which is needed for
bone development, teeth formation and body functions (Trachoo and. better source of

minerals among the samples.

4.5.3.3 Carbohydrate

The carbohydrate content of the samples was 4.63 g, 5.71g and 6.21g for R2, P1 and
CONTROL respectively. The low carbohydrate value is attributedto the process of
fermentation which converts carbohydrate basically lactose to lactic acid. This makes
yoghurt an ideal food for lactose intoleranceindividuals (Ehirim and Ndimantang,
2004). The reduction in the carbohydrate content of enriched yoghurt samples reduced
due to higher availability of other proximate parameters like protein, ash, moisture and

dueto the conversion of lactose into lactic acid.
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4.5.3.4 Crude Protein

The crude protein content of the samples was 3.74 g, 3.226g and 3.051 g for R2, P1
and CONTROL respectively. The result shows that yoghurtsamples enriched with
millets has more protein due to the higher protein content in plant-based sources that
contribute to the enhancement of protein ofyoghurt. The protein obtained for enriched
yoghurt sample agreed with the findings of Kale et al. (2011) who reported protein
content of date yoghurt was in the range of 3.45g to 3.47g and Gupta et al., (2022) for

commerciallyavailable dairy and plant-based yogurts.

4.5.3.5 Fat

The fat content of the sample P1, R2 and CONTROL was recorded as 2.08g, 2.579,
3.79g respectively. The yogurt typically has lower fat content than milk because some
of the milk fat is removed during the yogurt-making process. The addition of beneficial
bacteria cultures, such as Lactobacillus bulgaricus and Streptococcus thermophilus, to
milk initiates the fermentationprocess. These bacteria consume lactose, the milk sugar,
and convert it into lactic acid. This acidification leads to the denaturation of proteins in
the milk,causing them to coagulate and trap some of the fat. Additionally, plant-based
milk has no fat when compared to the animal-based milk. It is also due to theuse of

low-fat milk during the preparation of yoghurt.

4.5.3.6 Crude Fibre

The fibre content of finger millet-based yoghurt samples was 0.234g and proso millet
was 0.117g as compared to milk-yoghurt (0.02g). There was an increased fibre content

for millet-based yoghurt as compared to milk yoghurt, this might be due to the
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high fibre content of the millets. According to Schneeman (2002) the crude fibre

contributes to the health of the gastrointestinal system and metabolic system in man.

4.5.3.7 SNF

The SNF of the prepared samples were 6.93, 7.92, and 4.71 for R2, P1 and CONTROL

respectively.

Table 4.4 Proximate analysis of optimized yoghurt samples

Samples R2 P1 CRL
Moisture 84.3 82.01 85
Content(%)

Ash 0.79 0.61 0.52
Content(%)

SNF(%) 6.93 7.92 4.71
Carbohydrate(g) 4.63 571 6.21
Crude Protein 3.74 3.226 3.051
(9)

Crude fibre(g) 0.234 0.117 0.02
Fat(g) 2.57 2.08 3.79

*R2=20% finger millet milk based yoghurt, P1=10% proso millet milk based

yoghurt, CRL=Control
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4.6 MICROBIAL ANALYSIS AND SHELF-LIFE STUDIES OF OPTIMIZED
YOGHURT SAMPLES

The total yeast and mould count of the selected samples are given in the table 4.2.

It is seen that the yeast and mould count for all the selected samples at initial day was
0, however on 14" day the yeast and mould count of finger millet-based yoghurt sample
was increased to 1x102 as shown in fig 4.2. There was no yeast and mould growth

found in P1 sample

Table 4.5 Total yeast and mould count

Sample Code Day Yeast and
Mould Count

R2 Nil

P1 ot Nil

CRL Nil

R2 1x107?

P1 14t Nil

CRL Nil

R2 = 20% ragi milk and 80% cow milk
P1 = 10% proso milk and 90% cow milk

CRL =100 % cow milk

Fig 4.2. Day 14 th YGC Agar Plate
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CHAPTER 5

SUMMARY AND CONCLUSION

Currently the relevance of diet on healthy wellbeing has increased, which
results in the rising demand for food products that support health along with supply of
adequate nutrients. One among these products is yoghurt which is made from milk.
Yoghurts are prepared by fermentation of milk with bacterial cultures (mixture of
Streptococcus thermophilus and Lactobacillus bulgaricus). Fermentation of milk is
considered as one of the oldest methods to preserve milk with an extended shelf life.
Yoghurt is effectively digestible and highly nutritious dairy product and also a rich
source of more than ten essential nutrients. The nutritional composition of yoghurt
relies on the strains of starter culture used for fermentation, type of milk used (whole,
semi or skimmed milk), species that milk is obtained (bovine, goat, sheep), type of milk
solids, solid non-fat, sweeteners and fruits added before fermentation and the duration
of fermentation process. Lactobacillus is beneficial and important in the fermentation
of yoghurt; it is a probiotic which provides essential health benefits in the stomach and
Gastrointestinal Tracts of humans and aids bowel moments. It also converts lactose

sugar to lactic acid in milk which brings about curd/yoghurt formation in milk.

The project work entitled Development and Evaluation of Millet-Based Yoghurt are

summarized as follows: -

The physiochemical properties of raw milk, millets, yoghurt viz. were
determined using the standard procedures. Based on the literature review and
preliminary studies, nine millet-based yoghurt samples were selected in this study. The
optimization of process parameters was conducted based on sensory analysis. The
optimized samples only were considered for further studies. Shelf-life studies of the
optimized yoghurt samples were conducted based on microbial studies. Samples were
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stored at refrigerated temperature of 3°C to 4°C for 14 days. Yeast and mould growth

studies were conducted every 3 days interval.
The result of the study is furnished below:

The moisture content, ash content, crude fat, crude fibre, crude protein, and
carbohydrate of raw milk was found to be 87.2%, 0.72%, 3.7g, ,0g, 3.5g, and 4.9¢
respectively and colour characteristics of cow milk were found to be L*=81.0+8.1, a*=
-1.5+3, b*=7.5+4.4 The moisture content, ash content, crude fat, crude fibre, crude
protein, and carbohydrate of finger millet was found to be 7.8%, 2.7%, 1.8g, 3.5¢, 8.29,
and 83.3g respectively and the colour characteristics L*=19.23+0.42, a*=18.28+0.81,
b*=19.38+0.15. The moisture content, ash content, crude fat, crude fibre, crude protein,
and carbohydrate of proso millet was found to be 8.34%, 1.66%, 4.9g, 0.7g, 11.58g,
and 80.1g respectively and colour characteristics of cow milk were found to be
L*=76.14+0.75, a*=56+0.05, b*=1.57+0.19. The moisture content, ash content, crude
fat, crude fibre, crude protein, and carbohydrate of foxtail millet was found to be
10.46%, 0.47%, 2.38g, 89, 11.5g, and 75.2¢g respectively and colour characteristics of
cow milk were found to be L*=61.38+2.21, a*=3.91+0.05, b*=16.2+0.65.

From the preliminary studies using the three types of millet viz. finger millet,
proso millet and foxtail millet nine samples were developed and kept for sensory
analysis. Based on the sensory analysis P1(10% proso millet milk and 90% cow milk)
and R2(20% finger millet milk and 80% cow milk) were the two samples that were

finally selected for further studies.

The results of physio-chemical properties of P1 viz. pH, TSS, titrable acidity,
moisture content, ash content, carbohydrate, crude protein, fat, crude fibre, SNF are
4.53, 10 brix, 0.93%, 82.01%, 0.61%, 5.71g, 3.2269, 2.08¢g, 0.117g, 7.92g respectively.
The results of physio-chemical properties of R2 viz. pH, TSS, titrable acidity, moisture
content, ash content, carbohydrate, crude protein, fat, crude fibre, SNF are 4.43, 9.3
brix, 0.99%, 84.3%, 0.79%, 4.63g, 3.74g, 0.234g, 2.57g, 6.93 g respectively. The

results of physio-chemical properties of milk yoghurt viz. pH, TSS, titrable acidity,
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moisture content, ash content, carbohydrate, crude protein, fat, crude fibre, SNF are
4.7, 8.5 brix, 0.9%, 85%, 0.52%, 6.21g, 3.051g, 3.79g, 0.02g, 4.71g respectively. It was
observed that the yeast and mould count for all the selected samples at initial day was
0, however on 14th day the yeast and mould count of finger millet-based yoghurt
sample was increased to 1x10-2 but is within the permissible limit. There was no yeast
and mould growth found in P1 sample. From the microbial studies it is concluded that

millet-based yoghurt sample is safe for consumption.

Further studies may be done on using extracted milk from plant-based sources
so as to improve the nutritional profile and sensory acceptability of millet enriched
yoghurts. Further studies maybe done on the development of new food products with
millets to improve the availability of essential minerals and vitamins like iron, vitamin
c etc. This project is the first step towards the development of vegan based millet yogurt

which can be referred for further studies in the future.
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APPENDIX

SEMSORY SCOORE CARD FOR MILLET FOORTIFIED YOMHURT

Drate:
Mame of panelist:

Y ou are requested to assess the product in terms of general acceptability on a 9-point hedomc

scale.

Like extremely - 9

Like very much -8

Like moderately -7

Like slightly -6

Merther ke nor dislike - 5
nshke shightly - 4
Dnslike moderately - 3
Daslike very much - 2

Draslike extremely - 1

Charactenstics Sample code

A B L 1] E F i H

Appearance

Crdiour

Flavour ! taste

Body and
texture

Muouth feel

Orverall
acceptability

Signature:
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ABSTRACT

Yoghurt is a cultured milk product obtained by lactic acid fermentation through the
action of Lactobacillus bulgaricus and Streptococcus thermophilus and resulting in
reduction of pH with coagulation. Minor millets are cited as important addendum for
major cereals. Millets are nutritionally superior to major cereal crops with respect of
energy value, proteins, fat and minerals. Blending of millet grains or their milling
fractions combined with other treatments is one of the most convenient techniques to
produce food products with high nutritional value and functionality and to promote their
utilization in a large range of food products. Hence the presentstudy was done to
formulate millet-based yoghurt from finger and proso millet milk. Millet
concentrations at 10%, 20% and 30%, respectively were taken as independent
variables. Optimization of process variables was done based on sensory evaluation of the
developed yoghurtsamples. Sensory evaluation revealed that yoghurt prepared from
10% proso millet milk extract and 20 % finger millet milk extract secured high scores
in organoleptic evaluation. Physiochemical analysis of the optimized yoghurt samples
was conducted using the standard procedures. From the microbial analysis, it was
understood that millet-based yoghurt could be safely stored for a period of 14 days
under refrigerated storage.
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