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ABSTRACT 

Cheese whey is one of the main by-products of the dai ry industry. The nutritional component 

of the whey is overlooked; however, in many parts of the world and on ly little effort if not 

none has been made to utili ze it into different forms of products. The current study aims at 

producing a functional beverage from Gouda cheese whey, teff and stabilizer. AD-optimal 

Experimental mode l of the Oes ign-Expert®, version 7.0 (from Stat-Ease, Inc) was used in 

order to optimize whey (88-94%), teff fl ou r (5-10%), and pectin ( 1-2%). The components 

were blended and cooked at a temperature of 65°C for 15 minutes with frequent st irring. The 

raw materials and the final products were characterized using standard test methods for 

proximate, microbiological, minera l, viscosity and sensory attributes. Vanilla and mango 

flavors, art ificial food co lor and sweetener were used to increase the acceptability of the final 

product. Microbio log ica l qual ity was performed for the se lected consistent final products 

across a period of seven days at room and refri geration temperatures. From the formulations, 

the nutritional values are found to be: moistu re (78.3-89.24%), protein (7.49-11.99 gil OOg), 

fat (0.23-1.71 gIlOOg), ash (2 .78-5.63 gIlOOg), fiber (1.74-2.48 g/100g), carbohydrate (80 .75-

87.4 7 gil OOg), energy (370 .50- 385 .76 Kcal) ; minerals: Fe (9.49-21.28 mgll OOg), Ca 

(177 07- 3994 1 mgflOOg).,...Ml>--(.11..l4-167 99 mgLlJlO.g),...2lL(l 03- 2 QCLmgLlllJl.g)....an.d...N.«.a--------i 

( 124.95-369.90 mgIlOOg). Two trial s; Tr-2 with 93.3% whey, 5 % Teff, and 1.7 % stabilizer; 

and Tr-13 , with 94% whey, 5 % Teff, and 1.0% stab ili zer, we re found to have good 

consistency. Microbiologica l resu lts of the formu lated products were; aerobic bacterial cOlin! 

(160-220 Cfu/g), yeast and mold, s. aurells and Enterobacteriaceae count «10 Cfu/g).From 

the senso ry evaluation vanilla flavour has the highest acceptability, plain ranked second and 

Ma ngo flavour w ith the least preference. Trial 13 was found to have the highest overall 

acceptability than Trial 2 by consumer panel ists. The viscosity of the products fa ll s in the 

range of minimum 24.32 and a maxim um of 99.99 cPo Products stored at room temperature 

showed good consistency over those stored at refri gerat ion temperature, which exhibited 

synereses up on storage. Based on the findings of th is study, it is possible to produce a nob le 

functional beverage from cheese whey using teff flour and pectin as a complementary blend. 

The final product has exhib ited a s light off-flavour after the seventh day of storage and 

considered a challenge of the current study. 
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CHAPTER ONE 

1. INTRODUCTION 

1.1.Bacl<ground 

Whey is a liquid by-product of the da iry industries during the production of cheese by 

coagul atin g and separating of casein from milk Tsakali el a!.,(2010).There are two types of 

whey; sweet and acid whey. Sweet whey is produced by means of rennet type enzyme and 

has a pH of about 5.6. Acid whey, on the other hand, is produced from dairy products that 

involve coagulum formation by acid ifi cation in a pH range of approximately 5.1 and less 

Boersma & Murarka, (1995). Whey is believed to contai n about half of the milk sol ids, most 

of the lactose, about one fifth of the proteins, vitami ns and minerals Divya, (2009). 

According to Chavan el.a!. , (2015)whey proteins are present in small quantity but have high 

prote in efficiency ratio (3 .6%), net protein utilization (95%), biological val ue (104%) and as 

compared to all other protein sources ava ilable whey is next to egg protein in terms of 

nutriti ve value. Whey proteins are sources of a-Iactalbumin(a-La), ~-lactog lobulin<B- Lg) , 

bovine serum albu min, case ino-macropeptides, immunoglobulin, lactoferrin and lysozyme 

which are often assoc iated with health benefits, such as enhanced immunity anticancer 

properties, anti-adhesive effect against pathogenic properties, as well as antiviral, 

antimicrob ial (iron binding properties) and antihypertensive properties. 

Despite their nutritional provision, however, there is a food a llergens concern related to the 

consumpt ion of milk proteins. Hypersens itiv ity to cow milk prote ins affects mostly but not 

exc lusivel y infants, while it may persist through adult age and can be very sever in some 

instances . Mi lk protein allergy originates from protein components present in milk, causing 

react ions to e ither the protein fraction s in emulsion (caseins) or in whey (milk albumin) Mc 

Williams & Collins, (2014). 

Whey could be utilized in different forms . The common types are whey protein concentrates 

(WPC), whey protei n isolates (WPI), whey powder (WP), lactose permeate, use as feed and 

fertilization. Apart from these products, whey could also be used as beverages of different 

form s. Whey fruit juice beverage, dairy type whey beverages (fermented and unfermented), 

whey based energy drinks, whey based thirst quenchi ng carbonated beverages, d ietetic 

beverages with hydrolyzed lactose, whey-cereal based beverages and sports drinks are the 

basic ones. The utilization of whey in different fo rms help to make use of its nutritional 



component, generate additional income and address adverse environmental issues by the 

discharge of the same Marshall,(2004) . 

Teff (Eragrostis tefJ is a cereal grain believed to have been originated and domesticated in 

Ethiopia and Eritrea about 5000 years ago . It is widely known among the peop le of the two 

nations for a traditi onal staple food , ' Inj era ' Baye, (2014).Apart from its main use as Injera, 

teff can be used in the making of various products such as gruel, kitta, traditional alcohols 

and can also be e laborated to produce brownies, baked goods, cook ies and crackers among 

others Hopman, (2008). It is a common practice in Eth iopia to use Atmit as a traditional 

funct ional beverage for patients s ince it is easi ly digestib le than solid foods and supplies 

nutrients. Atmit could be made from various cereals and ingredients and could be customized 

as needed. A teff based Atmit is among such preferences, which have a lso been used to make 

Juice at an industrial level w ith a brand name Amandin, (Figure 2-4), due to its nutritional 

content and gluten fi·ee nature. Teff has considerable nutritional profile of protein, 

carbohyd rate, phytate and minera ls. However, its phytate content impairs the absorption of 

iron and zinc Baye, (20 14) . 

Functi onal food products are thouglli.JlLproyide health benefit in ad dition to th eir basic 

nutriti ona l content. Such food s reduce the risk of certain diseases and other hea lth conditions. 

Nowadays, the advances in scientific research support the idea that d iet may fulfil nutriti onal 

needs and exert a beneficial role in some diseases Otles, (2012). 

Hydrocolloids are long chain po lymers with a property of forming viscous dispersion and 

gels in water. Their main functional app lication in foods include enhancing viscosity, 

th ickening, gelling, emulsify ing, stabilization and coating Bureyet.ai., (2008) . 

The utilization of whey in the production of various food products is considered to design a 

functional beverage us ing teff flour and pectin as a stabilizer. The development of such a 

product is believed to enab le the bioactive components of whey to be utilized effectively and 

increase the bioavailability of nutritional components ofteff. 

1.2. Statement of the problem 

The dairy industry is advancing, both in number and capac ity, currently in Eth iopia. Studies 

also show the demand for ready to eat dairy products such as cheese, yoghurt and butter are 

increasing, especially in urban areas FAO, (2011) . As the prod uction of such products 

increased, the dairy wastes will al so increase. The cu rrent study shows poss ible ways of 

2 



alleviating environmental pollution through whey utilization, which results from its high 

BOD level and organic matter components. 

Cheese whey is considered a waste in many dairy plants. However, it contains valuable 

nutritional profile. The current study helps the community to understand the nutriti onal 

values of whey. 

One of the main reasons that dairy industries fail to utilize cheese whey is largely due to its 

high techno logical cost implication. This study directs the dairy industries to consider cost 

effective possibilities of whey utilizati on . 

The majority of the population in Ethiopia suffers fro m quality and nutritious food supply. 

The study insights the alternative approaches of combating such nutritional problems in the 

commun ity through the development of value added products from dairy wastes. 

Although several researches were conducted on different ways of whey utilization 

worldwide, it is hard ly possible to find similar studies in Ethiopia. Hence, this study will 

serve as a bench mark for fu rther studies on industrial application of whey. 

It IS a common practice 111 EthIOpia to use Atmlt as a traditional functional beverage for 

patients since it is easily digestible than sol id foods and supplies nutrients. Atmit could be 

made from various cerea ls and ingredients and cou ld be customized as needed. A Teff based 

'Almil' is among such preferences, which have also been used to make Juice at an industrial 

level with a brand name Amandin due to its nutritional content and gluten free nature. 

Teff has been used for thousands of years in Ethiopia Gebremari am, (2012) . The only 

possible ways of its utilization is in the form of'Injera', 'Kita' and other products mostly for 

house hold purpose. The cu rrent study shows industrial application of teff in the production 

of a functional beverage, products that have health benefits in addition to their nutritional 

supplement. 

In reference to those suggestions, cheese whey could be blended with teff flour in order to 

produce a functiona l beverage with sound nutritional and energy value, thereby alleviating 

the environmental pollution due to whey di sposa l. 
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1.3. Significance of the study 

° A nutritious and noble product will be designed and developed from whey and teffflour. 

° The study wi ll be used as bench mark for utilization of whey in functi onal food products. 

° The study wi ll show possibil it ies of cheese whey utilization by the dairy industries. 

° Environmental pollution, by the discharge of whey, will be minimized through the 

uti lization of whey. 

1.4. Objective 

1.4.1. General objective 

The general objective of this research was to design and develop a functiona l beverage from 

cheese whey and teffflour for its energy and nutrient utilization. 

1.4.2. Specific objective 

° Eva luating the nutritional composition of raw materials (cheese whey and teff flour) . 

----<o'--O(}sigll-th@-Uli.l.i.zatiel1-0u(}ff-i·Il-9(}V(}Fag6-j3Fe9ui7t·ielll •. --------------------­

° Evaluating the physicochemical and microbiological properties of whey-teff beverage. 

° Eva luating the sensory attributes of whey-teff beverage. 

° Examining characteri stic parameters offunctional beverages. 
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CHAPTER TWO 

2. LITERATURE REVIEW 

2.1 Overview of the dairy processing Industry 

Dairy processing is practi ced a ll over the worl d. Because of their sizes and variation of the 

types of products manufactured, however, it is hard to give genera l characteristics. The 

primary objective of dairy process ing is to extend the sa leab le life of the products wh ich is 

typically achieved by heat treatment to ensure that milk is safe for human consumption and 

has extended quality, and preparing a variety of dairy products in a semi-dehydrated or 

dehydrated form such as butter, hard cheese and mil k powders to mention some. Nearly all 

the process steps, or un it operations, that are applied in food process ing are appl ied in the 

dairy industry Peiter, (2006) . (Figure 2-1) shows the main units operations and process steps 

in a typical dairy processing plant. 

I Milk receipt . filtration and clarification I 

I Storage I 
• 

Whole mUI: 
I Separairon and I 

standardisation Cream 

:~~\rnod 

I Pasteurisation I 
t-' .. _ .... J ._ .. _, r- 1 _.-, Cream 

! Homogenisation i i Homogenisalion I 

~""" -;;r -' Sk::';;'-' F'''~-' Whole mi l: 
mik 

I Deodorisation I r Butter l 
churning 

1,""~lIkl 
I 

But!or 
Storage 

• 
I Packaging and cold storage I I Packaging I I 

and freezing 

I I Buu(!( 
Distribution 

I 
• 

Whole milk Cream Buttermilk Butter 
Semi-skimmed 
milk 
Skimmed milk 

Figure 2.1. Flow d iagram for processes occurring at a typica l milk plant Peiter,(2006). 
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2.2. Whey production and utilization 

2.2.1. Whey production 

Whey is a by-product of cheese making or a casein production. About 96% and 6% of whey 

is produced from cheese making and casein production respectively. Based on the method 

applied for casein coagulation, there are two categories of whey, sweet and acid whey. Acid 

whey is produced by acid action and sweet whey by rennet type enzymatic action Guimaraes 

et 01., (2010) . 

For every 100 litres of Milk used for cheese production, on average, 80-90 litres of whey is 

produced. However, the average amount of whey produced depends on the type of cheese 

product, whether it is soft, semi-hard or hard cheese Guimaraes e/ 01. , (2010). There are 

number of factors that determine the composition and senso ry characteristics of whey. The 

type of whey, whether sweet or acid, the source of milk (cow, sheep, bovine milk), and the 

feed of the animal that produced the milk, the technique of cheese processing employed are 

amo ng the major factors Divya, (2009). 

The production of whey on a global sca le is estimated from 180 to 190 Million tons/year; out 

of which only 50% is processed. This estimate is nine fold of the cheese production 

worldwide with an annual growth rate of 1-2 % Baldasso el. al. (2011). 

Disposal of liquid whey poses a serious environmental pollution due to its high organic 

matter content largely due to its lactose, protein and fat content. The Biological Oxygen 

Demand (BOD) of whey ranges from 39,000 to 48,000 ppm, which is roughly 200 times 

more as threat the whey before disposal, which is fou nd to be uneconomical Divya, (2009). A 

discharge of 40,000 litres of untreated milk whey results in an environmental pollution 

equival ent to that produced daily by a population of250,000 people. 

2.2.2. Whey utilization 

The history of using cheese whey goes back to the ancient Greeks; Hippocrates, in 460 B.C 

recommended as a therapeutic beverage for human consumption for different health 

problems. In the middle Ages, whey was recommended by many doctors for varied diseases, 

and, by the mid-19th century, whey curing reached a high point with the establishment of over 

400 whey houses in Western Europe Susli, ( 1956). As late as the 1940's in spas in Central 

Europe, dyspepsia, uremia, arthritis, gout, liver diseases, anaemia, and even tuberculosis were 

treated with the ingesti on of up to 1500 g of whey per day Holsinger, (1995); Pien, (1943). 
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Whey contains more than hal f of the so lids present in the original whole milk, 

inc luding whey proteins (20% of the total protein) and most of the lactose, water-soluble 

vitamins and minera ls. As a result, whey can be considered a valuable by-product with 

several applications in the food and pharmaceutical industr ies. 

Approximately 50% of worldw ide cheese-whey (CW) production is treated and transformed 

into various foods and feed prod ucts. About half of this amount is used d irectly in liqu id 

fo rm, 30% as powdered cheese-whey, 15% as lactose and its by-products and the rest as 

cheese whey- prote in concentrates Spalatelu, (2012). 

Whey could be used in many forms Mollea el.ai., (2013), (Figure 2-3).The common types of 

whey util ization are whey prote in concentrates (WPC), whey protein isolates (WPI), whey 

powder (WP), lactose permeate, use as feed and fert il ization. Apart from these prod ucts, 

whey could also be used as beverages of different forms . Whey fruit juice beverage , dairy 

type whey beverages (fermented and unfermented), whey based energy drinks, whey based 

th irst quenching carbonated beverages, dietetic beverages w ith hydrolyzed lactose, whey­

cereal based beverages and sports drinks are the basic ones. The utilization of whey in 

--_-Oiffer.entiolluslle.ljllQ.JuakUlse-'lfits..n.utci1ionaLc.oJllj1uuent gen.e.ra1e add i tiona I income and 

address adverse environmental issues by the discharge of the same Marshall,(2004). 

The most successful way to recover cheese whey prote ins is th e production of whey protein 

concentrate (WPC), (Figure 2-2), owing to the technologica l appl ications of ul tra-filtration 

system Cheryan, (1984); Marshal, ( 1988). Whey proteins are widely used as food ingred ients 

due to their high nutriti onal composition and possess useful functional properties. The term 

whey prote in concentrate (WPC) is being used for the dried whey having more than 25% 

protein ; however, there is a wide vari at ion in protein compos ition of resultant WPC, ranging 

fro m 25-90 % protei n, whi ch is the determin ing factor of its end use Huffma n, (1996) . 
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Figure 2-2 . Commercia l whey protein concentratc (www.bodybuilding.nodcloc.nc\) 
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Figure 2-3. Possibilit ies of cheese whey ut ilization Mollca cud , (201 3) 

2,3, Nutritional composition of whey 

There are resea rch tindings that indicated dairy constituents could be used as a functiona l 

food and its positi ve impact on human health is measu rable Gill el.al.,(2000). Whey is among 

such products whose components ha ve been proved to promote huma n hea lth hence; it cou ld 

be used to produce other product s after the production of cheese Wa lzem el.al" (2002). 

8 



Approximately 54% of the nutrients from milk are found in the fluid sweet whey of Cheddar 

cheese, wh ile about 73% of the nutrients of the non-fat milk used for Cottage cheese show up 

in fluid acid whey Kosikowski, (1967). 

Wa lzemet.al. , (2002) indicated, whey contains beta-lactoglobulin, alpha-lacta lbumin, bov ine 

serum a lbumin, lactoferrin, immunoglobulins, lactoperoxidase enzymes, glycomacropeptides, 

lactose and minerals. The amino acid profile of whey is greater when compared to different 

food protein sources such as soy, corn and wheat gl uten . Moreover, those amino acids are 

easily abso rbed and ass imi lated to the body relative to free ami no acids in so lution Kinsella & 

Whitehead, (1989). 

The chemical composition of whey va ries in relat ion to method used for its production (ac id 

whey or sweet whey). Whey usua ll y contains about 50% of milk constituents, such as 

lactose , whey protein s , minerals and some fat, (Table 2.1). The main differences are 

in the ca lc ium, phosphate, lacti c acid and lactate contents, which are higher in acid 

whey than in sweet whey Chiara et.ai.,(2013) . 

It is established by nutritional experts that only 14.5 gram whey proteins in native form 

t 1e at y reqtlll'ement of essentIal amll10 aCIds as compare lOI7:-z1 gral EJJgJJg------­

proteins; 12 grams whey proteins are equivalent to 20 grams of Casein proteins in terms o f 

weight gai n Shreyansh, (20 13). 

The nutri tiona l compos ition of sweet and acid whey is discussed in the following tab le. 

Table 2.1. Composition of sweet and acid whey (gIL) Jelen, (20 II) 

Type of Whey Total so lids Lactose Proteins Ca lcium Phosphates Lactate Chl oride 

Sweet 63 .0-70.0 46.0-52.0 6.0-10.0 0.4-0.6 1.0-3.0 2.0 1.1 

Ac id 63.0-70.0 44.0-46.0 6.0-8.0 6.0-8 .0 2.0-4 .5 6.4 1.1 

2.4. Bioactive components of whey 

Bioactive compounds a re chemical compounds derived from a plant, animal, or mari ne 

source, that exert the des ired hea lth/we llness benefit Mo llea et al.,(20 13).There are severa l 

proven hea lth and c lin ica l benefits one can get from the biolog ica l components of whey. Such 

benefits include; ant i-ox id ant act ivity by contributing cysteine rich protein that he lps in the 

synthesis of glutathione, potent anti-ox idant; anti-viral, anti-funga l and anti-bacterial effects 

with the presence of lacto ferrin ; anti-cance r effect with the he lp of amino acids of the 
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precursors of gl utathione; helps to manage obesity since calcium is th ought to influence 

ene rgy metabolism because intracellular calcium regulates adipocyte lipid metabolism and 

triglyceride storage and the amino acids in whey protein helps to synthes ize proteins that 

ass ists in maintaining body mass index in individuals involving in exercise, to mention but a 

few Burke el.al. , (2001) ; Shah, (2000); Tomita, (2002); Walzem el.a!. , (2002); Zamel, 

(2003). 

2.4.1. Lactofcrrin 

Lactoferrin, an iron-binding glycoprotein, is a non-enzymatic antioxidant found in the whey 

fract ion of milk as we ll as in co lostrum. The lactoferrin component of whey consists of 

approximately 689 amino acid residues, while human lactoferrin consists of 691 residues. 

Whey lactoferrin is composed of a s ingle polypeptide chain with two binding sites for ferric 

ions Pierce et al.,(199 I ). 

2.4.2. ll-Lactoglobulin (ll-Lg) 

One of the components of functional whey proteins is Il-Iactoglobulin, which approximately 

accounts half of the total protein in bovine whey while human milk contains no Il -

___ ---'I,actoglo.b.ulin Kinsella 8· WJllteb.ead,...{liR'L) . .lJLaddition to be in g--'L..S.o.urce of essential and 

branched amino acids, a retinol-bind ing protein has been identified w ith in the Il -

lactoglobu lin structu re. This protein, a carrier of small hydrophobic mo lecules including 

retinoic acid, has the ability to modulate lymphatic responses Guimont, (1997) . 

2.4.3. a -Lactalbumin (a-La) 

a-Lactalbum in is a protein component that is found both in human and bovine milk. It 

accounts for about 20-25 percent of whey proteins and contains a wide variety of amino 

ac ids, including a readily availab le supply of essential and branched chain am ino acids Pierce 

el al.,(1991) . 

According to the studies made by Bounous, (1985), a-lacta lbumin enhances antibody 

response to systematic antigen stimulation, both in its native and hydrolysed state. The same 

group revealed that a-lactalbumin has a direct effect on B-Iymphocyte function, as well as 

suppressing T-cell dependent and independent responses. 

2.4.4. Lactoperoxidase 

Different types of enzymes cou ld be listed in the composition of whey. Some of these 

enzymes inc lude; hydro lases, transferases, Iyases, proteases, and lipases. Lactoperoxidase, 
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however, is an important and the most abundant enzyme in the whey fraction of milk, the 

majority of which ends up in whey following the curding process. Lactoperoxidase accounts 

for 0.25-0.5 percent of total protein found in whey. It has the ability to catalyze certain 

mol'ecules, including the reduction of hydrogen peroxide Bjorck, (1978). 

This enzyme system catalyzes peroxidation of thiocyanate and some halides (such as iodine 

and bromium), which ultimately generates products that inhibit and/or kill a range of bacterial 

species. During the pasteurization process, Lactoperoxidase is not inactivated, suggesting its 

stabi lity as a preservative Kussendrager & Van Hoo ijdonk, (2000) . 

2.4.5. Glycomacropeptides 

Glycomacropeptides (GMP) is also referred to as casein macropeptide. GMP accounts about 

10-1 5 percent of whey composition. It is high in branched chain amino acids and lacks the 

aromatic amino acids including phenylalanine, tryptophan, and tyrosine. It is one of the few 

naturally occurring proteins that lack phenylalanine, making it safe for individuals with 

phenylketonuria (PKU) Brody, (2000). 

2.4 .6. Bovine Serum Albumin 

Bovine serum albumin (BSA) is a large protein that makes up approximately 10-15 percent of 

total whey protein . BSA is a source of essential amino acids, but there is very little available 

information regarding its potential therapeutic activity Marsha l, (2004). 

2.5. Whey protein-Pectin Interaction 

The functional propert ies of whey proteins, which include; the water binding capacity, 

emulsification, foaming and ge lation are related basically to their structural and other 

physicochemical properties. These features are infl uenced by mpny factors , among which is 

the interaction of whey proteins with pectin Cayot & Lorient, (1997); De Wit, (1998). 

Pectin assumes various structura l forms which influence and control functional properties of 

whey. According to Tolstoguzov, (1997), attraction and repulsion between unlike 

macromolecules are the two interactions responsible for complex formation and the 

immiscibility of biopolymers. The interaction between pectin and P- lactoglobulin (the main 

globular protein of whey), are ma inly caused by hydrogen bonding between carboxyl groups 

of pectin and peptide linkage of protein. The compatib ility of P- lactoglobulin with pectin in 

aqueous solution is greatly influenced by pH, ion ic strength and the structural features of 

pectin Bedie el al., (2008) ; Girard el al., (2002) ; Wang & Qvist, (2000). 
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Whey protein and pectin are present in dai ry and fa ad praducts such as yaghurt and milk 

drinks. The cantral ar manipulatian af its macromalecular interactians is vital in the 

deve lapment af navel faad pracesses and prad ucts as well as in the farm ulatian of fabricated 

faad prad ucts Talstoguzav, (1 997). 

2.6. The role of Whey protein on Iron Absorption 

Accard ing to. Yip, (1994), iran deficiency, with ar withaut anaemia, is ane af the mast 

significant nutritiana l prablems a ll aver the glabe, affecti ng appraximately 20% of the warld 

papulatia n. Since iron deficiency anaemia mainly results fram insufficie nt intake af iran, the 

strategy af iron fartificatian af faad is practi ced warl dw ide to. prevent the case Cl ugstan & 

Sm ith, (2002); Demment et ai. , (2003). Despite such practices, the incarpa ratian af iron into. 

faads leads to. a variety af prablems such as its ax idatian and precipitatian which resu lts in 

lawer biaavailabi lity Dauglas et aI. , (198 1); Hurrell, (1997). It is, therefare, crucial to. 

cansider nat anly intake af iran but also. its biaavailability to. prevent iran deficiency. 

Accard ing to. Dauglas et aI. , (198 1), heme iran is widely used in the faad ind ustry as an iron 

supp lement. Hawever, it is insa luble in neutral pH and their absarptian and bioavailabi lity 

___ --'hav.e..Jlo.Ly.eLhee.lLSufficiell.t1}'_co.nsider.ed.-Lactafe,o:ilLaud-e3se.iILphospho.peptidc-ar~~del¥)L ______ -----i 

accepted to. be functiana l prate ins ar peptides, which enh ances iran absarptian by improving 

its salub il ity in animal intesti ne, and are app lied extensive ly as iron supplements and 

ingredients Javanf et al. , (2003); Kawaka mi et al., ( 1988); Uch ida et al., (2006); Yeung et 

al.,(2002). Hawever, they are expensive faad ingred ients due to. the high cast af preparatian. 

Allen, (2002) indicated, the presence af amino. acids in the intest ine increases iron absarptian. 

Therefare, the use of suitable pratei ns in the diet may increase the absarptian rate of dietary 

iran. Whey proteins praduced as the principal by praduct of cheese ar casein manufacturing 

are widely used as food ingredients such as whey protein cancentrate (WPC) or whey protein 

isa late (WPI), because they have high nutri t ional va lue and functional propel1ies such as 

gelli ng and emulsifying praperties . In a ther study, Remandetto et aI., (2004) repa rted that 

the iron in whey prote in hyd rage ls was superia r in intrace llular iron absarpti an in the Caca-2 

system that was used to estim ate intestinal absa rpti an, because whey prate in hydrogels 

re leased mast of the ir iron durin g the intestinal phase af a simulated digestion. 

Nakano et al., (2007) conducted a study on B iaava il abi li ty a f Ira n-fartifi ed Whey Pratein 

Cancentrate in Iran-deficie nt Rats. They exam ined the b iaavai labi lity af iran in Fe-WPC 

us ing Caca-2 mona layer cambined with in vitro. gastr ic and intestinal digestian. Caca-2 cell s 
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were exposed to the filt rate obtai ned from the s im ulated gastro-i ntestinal disso lution, because 

Caco-2 cell monolayers behave similarly to human intest inal mucosa Puyfoulhoux et ai., 

(200 I). The increase of ferrit in in cell s was ev idence that iron has entered the cell because 

ce ll s produce fe rritin in response to increases in intrace llular iron Glahn et ai., ( 1996). 

Therefore, fe rritin formation in the ce lls was used as an indicator of iron bioava ilab ility. 

2.7. Stabili ty of whey proteins during t hermal processing 

Whey prote ins can be effective ly utilized by hu ma ns and prov ide a considerable amount of 

essenti al amino acids for growth. However, they are easi ly denatured during thermal 

process ing, that is, they undergo co nformational changes due to unfo ld ing of the ir ini tially 

fo lded molecule Qi et ai., (20 15). 

In general, whey prote in aggregation invo lves the interacti on of a free -SH group with the S­

S bond of cystine-conta ining proteins such as P-Lg, K-case in (K-Csn), a-La, and BSA via -

SH/S-S interchange reacti ons Considine et ai., (2007) . These prote in-prote in interactions 

lead to irrevers ible aggregation of protei ns into protein complexes of varying molecul ar size 

depending on the heating conditions and protein compos ition. Knowledge of the ways of 

----I ill h.i.biting-the-foJ:ll1atiDILOLthese-proteiu....c.omp.lex.eS-is....ne.e.deliUllil.e.Lr -'.tol.LJlwn",i In] inmni£!ze"-lt= ______ _ 

negat ive practica l consequences that may arise. 

2.8. M ilk Protein Allergy 
Adverse reactions to food intake have very diverse etiology and symptomatology. Regarding 

mil k, its food a llergy is presented as lactose into lerance, the sugar in mi lk, or a llergy to milk 

prote in. Despite havi ng different symptoms, confus ions among allergic cond itions to dairy 

and its mediators are common. Milk protei n allergy originates from protein components 

present in milk, causing reactions to either the prote in fractions in emulsion (case ins) or in 

whey (milk a lbumin)Mc Williams& Collin s, (2014).The a ll ergic reaction produces severe 

ce llular damage and it tri ggers physica l, mental and emotional symptomatology that may 

vary in t ime, intensi ty and severity. Lactose into lerance is ori ginated by total or partia l 

absence of the enzyme that di gests thi s di saccharide. Hypersensit ivity to cow mi lk prote ins 

affects mostly but not exclusively in fants, while it may pers ist through ad ul t age and can be 

very sever in certain cases . The agents responsible for a ll of these reactions are cow's mil k 

proteins, such as case 111 , f3-l actoglobulin, a -lacta lbumin, serum albu min, and 

immunog lobul ins Range l et ai. ,(20 16). 

13 



2.9. Overview of Teff utilization 

2.9.1. Teff consumption and health benefits 

Te tT (Eragrosl is tej) is a cereal grain beli eved to have been originated and domesticated in 

Ethiopia and Eritrea about SOOO years ago. It is wide ly known among the peop le of the two 

nations for a traditi ona l stap le food, Injera Baye, (20 14) . 

Eth iopians used Teff for making the ir stap le food, Injera, fo r thousands of years. Teff has rich 

nutritiona l profi le of prote in, carbohydrates, fa t and minerals. The amino acid composit ion of 

teff is we ll ba lanced w ith higher amount of lys ine, a limiting am ino acid which many cereals 

fail to conta in. Other types of am ino ac ids includ ing iso leucine, leucine, va line, tyrosine, 

threonine, methion ine, phenylalanine, arginine, alanine, and histidine are found in higher 

amount in tetT compared to othe r cereal s. Mi neral composition of tetT is also higher compared 

to other cerea ls and ind icated in Table 2.2.Accord ing to Hopman, (2008), teff contains no 

gluten, an addit iona l feature that makes it preferable especia lly by people with celiac disease, 

who happen to be gluten into lerant. 

Table 2.2 . Mi neral composit ion ofteff compared to other cerea l grain s (mg/l OOg) 
Baye, (20 14). 

Mineral White Teff Red Teff Mixed Teff Maize Sorghum Wheat 

Iron 9.S- 37.7 11.6-> I 50 I I.S-> ISO 3.G-4.8 3.5-4. I 3.7 

Zinc 2.4-6.8 2.3-6.7 3.8-3.9 2.6-4.6 1.4- J.7 1.7 

Calcium 17. 124 18- I 78 78.8-1 47 16 S.0-S. 8 IS .2-39.S 

Copper 2.S-S .3 1. 1-3.6 16 1.3 0.4 1 0.23 

Rice 

1.5 

2.2 

23 

O. I 6 

Accord ing to Gebremariam, (20 12), teff is used fo r making porridges, unleavened breads 

(kitta), grue ls (atmit), and trad iti onal a lcoholic beverages, such as te lla and arakie; in add ition 

to its common use as inj era, though to a lesser extent. 

It is a common practice in Eth iopia to use Almil as a traditiona l functional beverage fo r 

patients s ince it is eas ily d igestible than so li d foods and supp lies nutrients. AIll1il could be 

made from various cerea ls and ingred ients and could be customized as needed. A Teff based 

Almil is among such preferences, wh ich have a lso been used to make Ju ice at an industria l 

level with a brand name Amand in, (Figure 2-4), due to its nutrit ional content and gluten free 

nature. The prod uction of a functional beverage of whey-teff fl our will introd uce a new 

app roach of using the long stand ing home utilization ofteff to an industrial level. 
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Figu re 2-4. Teff Juice-Amandin (www.trendhunter.com) 

2.10. Functional Foods 

Func ti onal food s arc foods that arc thought to providc hcalth bcnefit in additi on to thcir basic 

nutri tional content. Suc h foods reduce the risk of certain di seases and other health conditions. 

The idca of hcalth promoting food s has a long sta nding history as Hippocratcs wrotc 2400 

years ago, "Lei food be thy medici ne and medic ine be thy food", and As ian co mmunities are 

----_-'we.l.l-a.wa"e-o.LthC-CO.lJcepl-O.U:uncti.Qllal.ity--OLfoo.ds...andJJ.eJbs.~ado"'y)Cs>.-'t.uh"e-'olldilvruu .... '-'J"-______ _ 

sc icnti fic rcscarch support thc idea that dict may fulfill nutrit ional needs and cxc rt a 

beneficial role in some diseases Oties, (20 12). 

Diffe rent types of commercially avai lable funct ional products are produced and could be 

grouped as da iry-based beverages; including prob iotics and mincral s/w-3 enric hed drinks; 

vegetabl e and fruit beverages, and sports and energy dr in ks. Such food products include baby 

foods, baked goods and cereal s, dairy roods, confec tionery, ready mea ls, snacks, meat 

products, spreads, and be verages. In particular, beverages arc by far the most acti ve 

functional foods category because of con veni ence and poss ibility to meet conslimer demands 

for container contents, size, shape, and appearance; case of distri bu ti on and better storage for 

rcfrigc ratcd and shelf-stable products; great 0PPol1 unity to incorporate desirabl c nu trients and 

bioact ive compounds Ofori, (20 13) . 

2.11. The Dairy Sector and utilization of whey in Ethiopia 

There was no objective evidence on whey utili za tion in Ethiopia so far. However, according 

to the info nnat ion obta ined from the dairy industri es, whey is most ly discharged with other 

dairy cfnucnts and very seldom so ld for an imal Iccd. According to the 20 I 0 cstimati on 

survey conducted by the Central Statist ics Agency. Ethioria has the largest cattle r orulation 
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in Africa whi ch accounts 50.9 million heads among which 55% are dairy cows. However, the 

dairy sector in the country has not developed to the expected level. The annual growth rate in 

mil k production of 1.2 percent falls behind the annual human popu lation growth estimated at 

3 percent GRM Internationa l,(2007) .Felleke, (2003) indicated that, the trad itional milk 

production system is dominated by indigenous breeds of low genetic potential for milk 

production and this accounts for 97% of the annual milk production in the country. 

Over the last 10 years or so, milk producti on in the country has generally increased from 

about 1.5 billion litres in 2001 to about 2.2 billion litres in 2005 and around 2.9 billion litres 

in 20 I O. This increasing trend is most ly associated with an increase in the number of cows. 

However, the per capita milk consumpt ion has decl ined from 26 kg per annum in 1980, to 22 

kg in 1993, 19 kg in 2000 and 16 kg in 2009. This is like ly to be attributed to the mismatch 

between the growth rate of milk production and human population Yilma et ai., (2011). 

In 20 11, a projection was done to increase the addi tiona l milk requirement to supply the 

grow ing consumer needs in Ethiopia. In th e projection, the annual growth rate of2.72 percent 

of the human population was used in the ca lcul ation based on the repOlt of the 2007 

----PI QPulatioll_census_figu.re_oL82,JJJJ.,.99-8J:0L20il,..(.Iable..2J.)..Milk..a\CltilableJ or co 11 swnpf'Jt.ui 0.u.11'-_____ _ 

was estimated based on the repOlt of Felleke & Geda, (200 I), who indicated that 68 percent 

of the total annual milk production was to be consumed. The va lue recommended by FAO 

(62.5 kg/year/perso n) to be maintained for a balanced diet is considered as a target to be 

achieved Crawford, (1990). 
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Year 

2011 

20 12 

20 13 

2014 

20 15 

20 16 

20 17 

2018 

20 19 

2020 

Table 2-3 . Projected demand for Milk in Ethiopia from 201 1-2020 

Population in '000' based Milk production in Milk available ror Demand for milk, in Gap between projected milk 

on the current growth rate million liIres based consumpt ion (68% of million Htres based on available ror consumption and 

(2,27%) on current growth the produce) in mil lion FAD recommendation demand based on fAO's 

rate (4.1%) lilres (62.5kg) recommendation in million litres 

82 102 3 061 208 1 5 131 3050 

84335 3 186 2166 527 1 3105 

86629 33 I 7 2256 54 14 3 158 

88985 3453 2348 5562 32 14 

91406 3594 2444 57 13 3269 

93892 3742 2545 5868 3323 

96446 3 895 2649 6028 3379 

99069 4055 2757 6192 3435 

101764 4221 2870 6360 3490 

104532 4394 2988 6533 3545 

Source: FAO, 20 I I 

2.11.1. Consum tion of Milk in Ethiopia 

The consumption of dairy product in Ethiop ia is 19 Kg per capita per year. This is one of the 

lowest leve ls in Sub-Saharan Africa, due to econom ic and cultural factors. FAO recommends 

175 Kg. Combinations of cultural and economic factors are main reasons of the low 

consumption level. In recent years, the demand of milk has been rising due to urbanization, 

transformation of habits and population growth. Moreover, accord ing to the survey made by 

the Central Stat ist ics Agency, J 3 % of the milk produced is used for the production of cheese 

Staal el 01. , (2008) . 

2.12. Production of Go uda Cheese 

Gouda cheese, originated in the vic inity of Gouda in the province of South Holland, is one of 

the most important Dutch type varieties of cheese produced in the world. [t belongs to semi­

hard to hard var ieties of cheese with rew or no eye ho les. It is made from fresh cow's milk 

havi ng fat such that the prod uct contains at least 40% fat in the dry matter, starters cons ist ing 

of mesophilic laeloeoeei and leueonosloes that produce CO2, clotted by rennet, pressed to 

obtain a close rind, are salted in brine after press ing and have no essent ial surface flora 

Gouda cheese is made from fresh unskimmed milk and was matured for 6-60 weeks Luyten 

el 01. ,(1991). 
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Gouda cheese contains high bioavailable calcium compared to acid- coagulated cheese such 

as cottage cheese . Bioavail ability of the calcium from cheese is equivalent to that from milk. 

It has been reported that 22.9, 26.7 and 25.4% of total calc ium was absorbed from cream 

cheese, whole milk and yoghUlt, respective ly. Adequate calcium intake during childhood and 

in teenage years is impoltant in development of high bone mass which may prevent 

osteoporosis in the later years Khetra et 01., (2016). The overall process of Gouda cheese 

production is given in Figure 2-5. 

I 
I 

Milk receipt . 
pro- trea tm ent and 

sl andardlsatlon 

1 CheesE) milk: 

Pasteurisation 

Addition of st arter culture 

l 
Coagula tion 

~ 
Cutting and cooking 

of curd 

l 
Extraction of whey 

l 
Salting 

i 
Ripening 

l 
Packaging 

l 
Distribution 

L 
I 

I 

Figure 2-5. Flow diagram for cheese making Kanawjia, (2016). 

2.12.1. Standardization, rcnncting and cutting 

r .b.o.oSJLYo/.hc y 

1 
Whey 

treatment 
planl 

For the manufacture of good qual ity Gouda cheese, cow milk is considered to be the most 

suitable raw material. Manufacturing of Gouda cheese starts with acidification of the 

standardized milk. The milk is standardized so as to give 40-50% fat in cheese on dry matter. 

Starter is added at 0.7% of the milk. No ripenin g is done for this type of cheese. 
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Renneting is usually done at about 30°C at 0.022% of milk and allowed to set for about 20-30 

minutes . After the curd is properly set, it is cut in cubes of some 8- 15 mm size. Stirring, at 

first gently till acidity rises by 0.02% (to minimize loss of fines) and later more vigorously, is 

done with the knives used for cutting or with special stirrers Kanawjia, (2016). 

2.12.2. Scalding 

After cutting, part of the whey (about one third) is removed for more effective stirring and to 

promote synereses . It a lso facilitates partial removal of lactose, which aids in achieving a 

lower acidity. The temperature is also increased at the same time to aid synereses process but 

not too hi gh to injure starter organisms. Usually, it is kept below 38°C. This process of 

heating curd in whey is called scalding. The temperature is increased usually by addition of 

hot water at about 60°C (about equal quantity of whey drained) which also helps in 

controlling water content and the pH of the cheese Fox cl.al. (2017). 

2.12.3 . Draining and pressing 

After the curd has lost enough moisture i.e. around 65% moisture is left in the curd and pH is 

around 6.5 , stirring is stopped and the curd grains are allowed to sediment. Continuous mass 

____ ,oLcunLis..lheJLfQ[ll1e.cLdLl~t(Lfusio l1 of the curd grains This c llrd call now be cut into blocks 

and taken out of the whey. Blocks may be pressed further to rcmove whey. This may also 

cause considerable loss of fines . Fat loss in whey can be recovered by passing it through 

cream separator and loss of fines can be recovered by the use of hydrocyclones. The blocks 

are then put into moulds and pressed Fox cl. al. (2017). 

2.12.4. Brining 

Brine salting is generally done using about 18-20% brine in tank. The pH of brine is adjusted 

to 4.8-4.9 to prevent dissolution of cheese protein in the brine. Cheese blocks should be 

inverted few times daily. Time taken for brining will depend on size, viz. , 0.45 kg - 20 h, 0.90 

kg - 36 h, and 3.83 kg - 3 days Kanawjia,(2016). 

2.12.5. Paraffining and storage 
After brining, paraffining is done and the cheese blocks are kept for ripening. A maximum of 

3-4 months are required for development of flavour and texture of Gouda cheese 

Kanawj ia,(20 16). 
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2.13. Food Hydrocolloids 

Hydroco llo ids are a diverse group of long chain polymer character ized by their property of 

fo rm ing viscous dispersion and/or ge ls in water. The affinity of water binding is increased by 

the presence of hydroxy l groups. Hydrocolloids have a wide functional appl ication in food 

including; viscos ity enhancing or thickening, gelling, emulsifyi ng, stab ilizat ion and coating 

among others. For most applications, it is used at a concentration range of 0.15-3.1 % Burey 

et.al. (2008) . 

Similar to the ir funct ional d ivers ificati on, hydroco llo ids are obta ined from di fferent sources 

such as plant hydroco llo ids; Carboxymethylce llulose (CMC), Mannans and ga lactomannans, 

Xyloglucans, Arabinoga lactan and Pectins; Seaweed hydroco llo ids; algi nates, Ca rrageenans 

and Agar; M icrob ial hydroco lloids; Xanthan gu m, Pullul an and Gellan gum; and Ani mal 

hydroco llo ids; Chitin and chitosan, and Gelatin Dickinson, (2003). 

According to Burey el 01., (2008), a stabilizer is a s ingle chemical component or mi xture of 

components which can offer long term stab ility on an emulsion, poss ibly by a mechan ism 

involving adsorption but not necessari ly so. The primary app licati ons of stab ilizers such as 

____ p.ecti n is modification of the rheological )lli!P-erties of a ueous systems by functional 

character istics such as retardation of prec ipitat ion of di spersed so lid particles, prevention of 

aggregation of dispersed partic les and prevention of synereses of ge lled systems to mention 

but a few Dickinson, (2003). 

2.14. Function and chemistry of Pectin 
For many years, Pectin has been used fo r its funct ionality in many foods. Ubiquitous inthe 

conserves and preserves industries, deve lopment of pectin has centered on its use toim part 

texture in high sugar systems. Although Pectin has been stud ied widely, it remains di fficu lt to 

characterize as a model system due to the heterogeneo us nature o f the po lymer. Industrial use 

has mainly been foc used on ta iloring the polymer to specific needs Sharma et 01., (2006). 

2.14.1. Structure 

Pectin is a complex po lysacchar ide whi ch contains lA-linked a-D-galactosy luronic res idue, 

(Figure 2-6). So fa r, there are three types of pectic po lysaccharides; homoga lacturonan, 

rhanm oga lacturonan-I and substituted galactu ronan, that has been iso lated from a plant ce ll 

wall. HOl1loga lacturonan (HG) ass umes a linear chain of l A-linked a-D-galactosyluronic 

residues, in wh ich some of the carboxyl groups are methyl esterified. They have been iso lated 
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from su nOowcr heads and applc pcctin but werc obta incd by cxtraction treatmcnts likely to 

cleave covalent bonds so they have been released from a heterogeneous pectic polysaccharide 

Dronnet el al .. ( 1996). 

Preparations of pectin consist of sub-st ructural entities that depend on their source and 

extracti on methodology. Commercial ex traction causes ex tens ive degradation of the neutral 

sugar-conta ining side chains. 

H 

-'--#-_ OH 

" 

Figure 2-6. Structure of pectin (www. I.lsbu.ae.uk) 

2.14.2. Functiona l Groups 

Pecnn also catTi es nOll-SUgar SlIbSrTrtTeT11 , eSSelltiaI1ymerhmTOt(rcetic£rr:m~-"piTen"O"tica-ci-ds-andl-------­

occasionally amide groups. The esterification of ga lacturonic ac id residucs with methanol or 

acetic acid is a very impol1ant structura l characteristic of pectic substances. Thedegree of 

methylation (OM) is dellned as the percentage of carbonyl groups esterilled with methanol. If 

more than 50% of the carboxyl groups arc methylated the pecti ns are ca ll ed high-methoxy 

pectins (BM ), and less than that degree of methylation are cal led low methoxy(LM) pectin. 

This sa me principal applies to acetylati on although the degree of acetylation(DAc) can be 

larger than 100% as ga lacturonosyl res idues can be acetylated with more than onc group per 

monosaccharide Ridl ey el aI., (200 I). 

2.1 S. Gelation of Pectin 

2.1S.1. Low methox)' pectin (LM) 

LM pecti ns can gel in the presence of divalent cations. usually calc ium. In these systems 

gelation is duc 1"0 the f0 l111ation of intermolecular junction zo nes between homogalacluronic 

smooth region s ofdifferent chains. The structure of such aj unction zone is generally ascribed 

to the so ca lled 'egg box' binding process. Ini tial strong assoc iation of two polymers into a 

dimer is followed by the formation of weak inter-dimer aggregation, mainly governed by 
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electrostatic interactions. The ge l forming abi lity of LM pectins increases with decreasing 

degree of methylation. LM pectins with a block wise distribution of free carboxyl groups are 

very sensi tive to low calcium leve ls. The presence of acetyl groups prevents ge l formation 

with calcium ions but gives the pect in emulsion stab iliz ing properties Yoo el al., (2006). 

2.15.2. High methoxy pectin (I-1M) 

HM pectins have the ability to form gels with sugar and acid, so-called low water activity 

ge ls or sugar-acid -pectin gels. Such a gel is considered a 2-d imens ional network of pectin 

molecu les in which the so lvent (water) with the co-solutes sugar and acid are immobilized. 

This results in a system resisting deformation and showing a stress-strain relationship for 

small deformati on. The build-up of the 3-D network is based on the formation of junction 

zones in which there are chain associations stabilized by hydrogen bonding between un­

dissociated carboxyl and secondary a lcohol groups and by hydrophobic interaction between 

methyl esters. T he gelation mechanism of pectin is mainly governed by their degree of 

esterification (DE). For the low methoxy-pectins, den oted LMP (DE<50%), gelation results 

from specific non-cova lent ionic interactions between blocks of galacturonic acid residues of 

the pectin backbone and w ith diva lent ions such as calciu m. The affin ity of pectin chains 

towards ca lci um is known to increase with decreasing degree of esterl hcatlon or 10lllC 

strength, and with increasing polymer concentrat ion. Besides the influence of the charge 

density of the polygalacturonate chain, the distribution pattern of free and esterified carboxyl 

groups has an important effect on the strength of calcium binding Tsoga el al., (2004). 

2.16. Conclnding remarks 

Whey has a proven nutritional as well as health benefits to human. In most of the cases, 

however, it is di scharged as a by-product. In my opi ni on, draining such va luable product into 

the sewage lines is a crime comm itted against a large number o f people who suffe rs from 

food shortage and malnutrition in general and its utilization is worthconsidering. 

Whey is one of the prominent dairy wastes introduced to the environment. Due to its high 

Biological and Chemical Oxygen Demands, it creates inhabitable ecological niche for the 

co mmunity. As the dairy sector in Ethiopia is grow in g owing to rapid urbanization and 

population growth, the demand for dairy products is expected to esca late; which in turn 

contributes to the dairy e ffluent. 
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Whey beverage fOltified with teff is such one remedy in exploit ing the advantages of the 

golden waste for human use nutritionally, convelt it to money for the industries and 

address ing the environmental pollution concern that often frowned by the experts of the field. 
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CHAPTER THREE 

3. MATERIALS AND METHODS 

3.1.Location of the Stndy 

The experiment was conducted in Add is Ababa, Ethiopia, which lies at an altitude of 2,500 

meters and is located at 9.03°N 38 .74°E. / 9.03; 38.74. Raw materials and finished products 

were processed and prepared at Bless Agri Food Laboratory Services P.L.C and Addis Ababa 

University, Centre for Food Sc ience and Nutrition . 

3.2. Sample collection and Sample preparation 

3.2.1. Sample Collection 

Gouda cheese whey was collected from Lame Dairy Processing P.L.C, Add is Ababa and 

stored at 4°C unti l the laboratory test is carried out. Teffsample (OZ-Cr-387 Quncho variety) 

was collected from Debre Ze it Agricultural Research Center, Bishoftu, Eth iopia. 

3.2.2. Sam pIe Preparation 

Teff flou r: 

Teff sample (DZ-Cr-387 Quncho variety) was milled using High speed a ll-purpose laboratory 

grinder (Model : JK-APG-IOO, Shanghai China) Jingke Scientific Instrum ents Co. LTD) to 

produce whole flour. 

3.3.Determination of particle size 

The particle size of teff flour was determ ined accord ing to the Ethiopian Standard ES 

3880:2015, which is in the range of 54-90 % using a 250!,m sieve size. Hence, the particle 

size of the teff flour was calcu lated using the following procedure: 

100g teff flour was we ighed (W]).The sieve was placed on the rece iving container so that it 

fits properly. The flour was sieved until only larger particles are retained. The mass of the 

flour passed through the sieve was weighed (W2). The percentage of particles was calculated 

using Eq. I. 

P31ticle Size (%): :: * 100 .......... " ...... " .. .. .. .... Eq.l 

Where: 

W]= Sample weight before sieving 

W2 = Sample weight after s ieving 
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Accordi ngly, the percent particle size of the flour that passes through the 250~m was: 

W2= 99.2754 

% Parti cle size (pass) = W2 * 100 
Wl 

99.2754 * 100 
100.0136 

=99.26±0. 11 % 

The fl our was then analysed for its microbiological quality, proximate composition and 

mineral content. 

Cheese whey: 

After aseptic collection, the whey was stra ined with cheese cloth and analysed for its 

microb iological qua li ty, proximate composition, mineral content and pH values at Bless 

Agri-Food Laboratory Services PLC. 

Maltodextrin : 

Corn Maltodextrin (MAL-Cr) was procured from Nutriset, France, and stored at room 

temperature. Maltodextrin is a modifi ed starch used in food for improving texture, mouth feel 

and consistency of products. 

Pectin: 

Pectin (PECT-ACI 3, Producer: HERBS TREITH & FOX) was procured from Warren 

Chemical Specialities (PTY) LTD, South Africa and stored at room temperature. Pectin was 

chosen for this research work because it is an impOltant polysaccharide used in a number of 

foods as a gell ing agent, thickener, texturi ser, emulsifier and stabi li ser. 

Flavours: 

Art ificia l flavouring agents; Vanilla (Foster Clarks Products LTD) and Mango (Guanzgzhou 

Xinlei Flavor Co., LTD) was procured from a supermarket to enhance the fl avour of the final 

product. 
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Artificial sweetener: 

Artificial sweetener (aspartame) tablets of l8mg; (Lo-Kal Gold, Ci pla LTD, India) was 

procured from a local pharmacy and lIsed to enhance the sweetness of the final product. 

Food Color: 

Artificial color, Yellow Jaune (Foster Clarks Products LTD), was procured from a 

supermarket and used to cnhancc thc color of the final product. 

3.4 . Preliminary product development 

3.4.1. Maltodextrin as a stabilizer 

Prior to the actual design and optimization of the produc t, preliminary laboratory test was 

conducted at Blcss Agri Food Laboratory Services P.L.e. The prelimi nary test was carried 

out based on the principle of teff juice formulation using maltodextrin as a stabilizer. 

According to the label, Al1landin is made from water, tetT (10%), sunflower oil, com 

maltodextrin and sea salt . 

Cheese whey was produced in the laboratory from pasteurized milk. The milk was boiled and 

vin egar added in order to scparate the curd after which the whey was eollectcd. Cooking 

temperature of 55°C and a holding time of 30 minutes were proposed based 011 tr ials made in 

the lab. The product was not consistent at the proposed cooking temperature and ho lding 

time. It exhi bits synereses upon storage, (F igure 3~ I). 

Figure 3-1. Preliminary trail test using maltodextrin 
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3.4.2. Pectin as a stabilizer 

After the preliminary product development failed using Maltodcxtrin as a stabil izer, another 

trial was made in the lab lIs ing pectin, (Fi gure 3-2). Moreover, the prev ioLls cooking 

temperature of 55"C wa s adjusted to 65"C and the holdi ng time lowered to 15 minutes instead 

of 30 mi nu tes. Pectin was replaced for maltodex tr in to be lIsed as a stabilizer afte r wh ich the 

problem of synereses was overcome. 

Figure 3-2. Prelim inary tri al test using pectin 
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Actual ruus 

T he general process tlow diagram during the production of whey-teff product is stated in 
Figure 3-3. 

• Cheese whey 
TefT 

• Stabil izer (Pecti n) 

Prox imate analysis 
Microbiologica l analysis 
Mineral analys is 

Whey fi ltrat ion 
Grind ing ofTefT 

Blend ing of the ingredients 
Cooking (65°C & 15 minutes) 

Proximate analysis 
Microbiological analysis 
Mineral anal sis 

Add ition of fla vors, color and sweetener 
Sensory evaluation performed by consumer panels 

Shel f stab i lity determ ination at two storage temperatures 
(room temperature & Reti'igerated Temp.) 

Figure 3-3. Process flow diagram ofwhey-teffbcvcragc production 
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3.5. Formulation of Experimental Design 

Three mixture components; whey, teff flour and pect in were des igned in the propOltion 

presented here in . Whey was proposed in the range o f 88-94%, teff flour in 5- 10%, and 

stabilizer in the range of 1-2%, (Table 3-1). Maximum values of 10 % and 2 % for teffand 

stabilizer respective ly was set on the basis of the composition of similar whey and cereal 

based beverages. The max imum and lower leve ls of the three variables are chosen on the 

basis of pre l iminary laboratory experiment conducted at Bless Agri Food Laboratory Services 

P.L.c. 

A cooking temperature of 65 °C and a holding time of 15 minutes was chosen due to the fact 

that, most whey protein components are denatured at a temperature ::: 70°C and starches for 

teff component gelatin izes at a temperature of ::: 74°C Ubwa el al. , (20 12). 

Table 3- 1. Real values of coded variables 

Coded value Real Val ue (%) 

b0wer • ' ·idd·le Higher b0wer M iMI Higher 
Variable 

level Level Level level Leve l Level 

Whey 0 0.5 I 88 91 94 

Teff 0 0.5 I 5 7.5 10 

Stabilizer 0 0.5 I I 1.5 2 

3.6. Design for the development of functional beverage 

D-opt imal Experimental design was se lected in order to design and optimize the mixture 

components using Design- Expert ®, version 7.0 (from Stat-Ease, Inc). This des ign is 

suitable for bu il ding quadrat ic models with the selected mixture components. 

A D-optimal design with three factors ; cheese whey, teff fl our and stabi lizer (pecti n), each 

with 3 levels were specified. Accordingly, a total of 16 run (6 model points and 5 lack of fit) 

was performed at different blend ratios, (Table 3-2) and (Table 3-3). Beverage optimizat ion 

was performed by analys ing the responses; sensory attributes; prox imate ana lysis and mineral 

contents. 
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Table 3-2. Experimenta l Des ign of th ree factors (Cheese whey, Teff fl our and stabilizer) 

- Sensory responses Proximale lest Mineral content 
v 

" ~ u i::: :E ?;-"" ~ u .'l .;;; 
~ (/) 0 

-< '" 0 <.> 
~ 

~ - N 
., 

~ ':l .£ u ~ -'" c >. ;;; '2 v 
~ ~ <.> - "" 

.0 
"2 ~ ~ ~ :E "0 0 ;;; ~ <;: c c c B " - ~ 

v 
~ 0 0 0 - .'l "" 

P. "-< C -"0 C. c- o. ~ ~ 0. 0 <.> v u a ~ B i5 0 .;;; 
'" .'l E E E , <.> .0 "0 "0 "0 ~ 

~ 

;3 
~ <.> - ~ b ~ ~ ~ Fe Ca Zn Mg Na (/) d d d ~ .;: 8 .( Ll U U 

% % % 

1 0.5 0.5 0.5 

2 0.5 0 0.5 

3 0 1 0 

4 0.5 0.5 0 

5 1 1 1 

6 0.5 0 0.5 

7 0.167 0.169 0.664 

8 0.666 0.164 0.17 

9 0.168 0.664 0.168 

10 0 0.832 0. 168 

II 0.168 0 0 .832 

12 1 1 1 

13 1 0 0 

14 0 0 I 

15 0.5 0.5 0 

16 1 0 0 
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Table 3-3 . Actual values for the des igned experimental factors 

- N '" C C C 
~ v ~ 

" " " 0 0 0 
c. c. c. 
E E E Proximate Test Mineral Conlent 
8 8 [~ 

.q 1! c 
~ '" rn .~ ~ 

" ~ u ~ '" 
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'" 
0 " :; " ;S '0 'il ~ .0 

" " 
c .!:l 1! lCl '" p,. '" « Li: ~ 

.c i:: 0 ~ '" il :.§ > c. 0 v ~ ~ ~ 

'" 
~ * rn 

.~ 
~ .0 '0 '0 '0 '0 ~ 

Run f- (/) 0;: 
c u ~ " ~ " " ~ Fe Ca Zn Mg Na .:,; ici U ,:" 8 .;c c'3 U U U 

% % % 

1 91.095 7.377 1.529 

2 93.285 5 1.715 

3 90.369 8.181 1.451 

4 89.865 8.135 2 

5 88 10 2 

6 93 .285 5 1.715 

7 91.88 6.633 1.487 

8 92.963 6.037 1 

9 88.992 10 1.008 

10 89.838 9. 162 1 

11 88.992 10 1.008 

12 88 10 2 

13 94 5 1 

14 88 .933 9.067 2 

15 89 .865 8. 135 2 

16 94 5 1 

3.7. Laboratory Analysis 

3.7.1. Proximate analysis of the designed formulation 

The prox imate ana lyses o f the des igned prop0l1ions were anal ysed by standard AOAC and 

[SO methods. 
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3.7.1.1.Moisture Content 

[n order to measure mo isture content of the samples, AOAC Officia l Method 92S . IO was 

employed. A c lean cruc ible was dried at 92°C in a dry ing oven for [ hr. The crucible was 

transferred to the des iccator and coo led for 30 min. The empty cru cible was weighed (Mil to 

the nearest mg. The heating, cooling and we ighing were repeated until the difference between 

two successive weighing was less than 3-S mg. For liquid samples, ISg sample was weighed 

accurately and evaporated first on a water bath . Fo r so lid and semisolid samples, 7.Sg sample 

was weighed accurate ly. Then the sample was transferred to pre-weighed crucibles and 

we ighed (M2). The crucibles were placed in the oven and dried at 92 °C fo r 6 1m. The 

crucib les were removed from the oven and coo led in the desiccator for 30 minutes and re­

weighed. They were further complete dried For I hr at 92 °C, and cooled again in the 

desiccator. After dryi ng was com pleted, fi nal weighed we ight measurements were taken 

(M3). The heating, coo ling and weighi ng were repeated until a constant we ight had been 

achieved. The moisture content of each samp le was calculated from the eq uation: 

Moisture (% W/W) = (:~~::) x 100 . . .. . .. . . .... . .. . .. .. . . . .. . .. . Eq.2 

Where: 

M\ = Weight of the dried crucible, 

M2 = Mass of the dried cruc ible and the samp le before dry ing, 

M3 = Mass of the dr ied cru ci ble and the sample after dry ing. 

3.7.1.2.Crude Protein 

The protein content of the samples was ca lcu lated using AOAC Official Method 976.0S.A 

O.S g dried sam ple was we ighed and transferred into the digesti on tube. Then 6 ml of the acid 

mixture (8S% orthophospsoric acid and 98% sulphuri c acid) and 3.S ml of hydrogen peroxide 

so lution were added in to the di gesti on fla sk step by step. The tubes were shaken until the 

violate reaction di sappeared. About 3g of the cata lyst mixture containing O.S g of copper 

sulphate and 100 g of potass ium sulphate was added in to the d igestion tube. The so lution 

was then di gested at 370 °C for I hr and 30 min by Gerhardt digester (TIM, Germany) until a 

clear so lution was obta ined. Then 30 ml of water was added and shaken to avo id precipitat ion 

of sulFate in the solution. 
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The nitrogen content was calculated from the equation: 

. 14 x (V - 8) N 
% Nitrogen = W . . . . ... . . . . .. . . . . .. . . . . . ... . . . Eq.3 

The prote in content was ca lcu lated from the equati on: 

Crude protein (%) = tota l nitroge n (%) x Factor spec ific for diffe rent prod ucts 

Where: v = vo lume of sulfuri c acid consumed 

B = vo lume of sul furic acid consumed blank 

N = normali ty of the acid (0.1 N sulfu ric ac id) 

14 = eq. wt of nitrogen 

W = Weight of the sample (g) 

3.7.1.3.Determination of Crude Fat 

Accelerated So lvent Extraction method was em ployed in order to determi ne the fat content of 

the raw materia ls as well as the fo rm ulated prod ucts, (Thermo Scientific™). 

The aggregat ion of sample partic les may prevent effi cient extraction. Hence, dispersing the 

sample with an inert sand materia l (Thermo Sc ientif'ic™ D ionex™ ASETM Prep DE 

(d iatomaceous earth) (PIN 062819) assisted in the extraction process. 

For teff samples, 4 grams o f the sam ple was added to I gram of Dionex ASE Prep DE and for 

cheese whey and whey-teff beverage, 4 grams of sample was added to 2 grams of Dionex 

ASE Prep DE. The sample and the dryi ng or d ispersi ng agent was mi xed thorough ly in a 

sma ll beaker, an d then added to the extract ion ce ll. 

Fat is extracted from the samples using petroleum ether in an Accelerated So lve nt Extraction 

System (ASE) . The so lvent from the extracted fat was evaporated in an oven 92°C for 

hLand the d iffe rence in we ight was used to ca lculate the fat co ntent in the sample. 

The fat content of the samples is ca lculated by considering the d iffe rences in mass of Empty 

so lvent co llection vial (WI), We ight of Samp le (W2) and We ight of So lvent collection vial 

after extract ion (W3 ). 
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Weight of fat W = W3- Wl 

w 
Fat g/lOOg fresh sample ("!o) = wz * lOO .. . .. .. .. .. . . .... .. . ..... . . . .. Eq.4 

Where: W = weight of fat 

WI = weight of empty extraction fla sk 

Wz = weight of the sample 

W3 = weight of fat + flask after extraction and drying 

3.7.1.4. Crude Fiber 

The Dietary Fiber content of the teff flour, and the designed product was analysed using 

analytical method described in [SO: 6865.2000. The test pOition of about 1 g (WI) was 

weighed and pre-treated with 30 ml Petroleum ether to each crucible and filtered with 

vacuum. 150 ml vo lume of Sulfuric acid was added to each sample and boiled for about 30 

minutes. Ine mIxture was fIIterea-mrougn a cruc ll5le usmg vacuum ana washea several tnnes 

with di stilled water. The residue was transferred to a beaker and 150 ml Potassium hydroxide 

was added and boiled for about 30 minutes. The mixture was washed with 30 ml acetone and 

dried. The crucibles were put in an oven set to a temperature of I 03±2°C and for 4 hours. The 

cruci bles were then placed in a desiccator to cool and weighed to the nearest 0.1 mg (W, ). 

The crucibles were placed in a mume furnace and incinerated to for 2 hours at a temperature 

of 550±20°C. Fina ll y, the crucibles were put in a desiccator and allowed to cool. The fina l 

weight (W3) was taken after removing to the nearest mg. 

Calculation 

Where; 

Percent Crude fibre (% CF): 

o W2-W3 
10 CF (gIlOOg) = ----;;;;I * 100 ............ . . . . . ...... . . . .... Eq.5 

WI = weight of the sample (g), 

W, = weight crucib le and residue after dryin g (g), and 

W3 = weight crucible and residue after incineration (g) . 
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3.7.1.5.Total Ash 

In order to measure the total ash content o f the samples, AOAC 942.05.2000 method was 

employed. Porce la in Crucibles were cleaned and dried in an oven at 105°C for 30 min . The 

crucibles were coo led in a desiccator for 30 mi n and we ighed to the nea rest mg (W,). About 

3.75 g of the samp le was we ighed in to each crucible (W2) . Then the samples were charred at 

low temperature on a hot plate under a fum e-hood and slowly increased the temperature unt il 

smoking ceased and the samples became thoroughl y charred. The crucibles were then placed 

in a furnace at abo ut 550°C fo r 1 hr. The crucibles were th en removed from the furnace and 

were cooled. A 5 drop of deionized water was then added to each of the crucible to moisten 

the ash and evaporated the water on hot plate for 15 min and placed in the furnace at 550 °C 

for 30 m in. Cruc ib les were aga in removed from th e furn ace, allowed to coo l and 5 drops of 

nitric acid we re added to each. The crucibles once aga in were placed inside the furnace unt il 

they became free fro m carbon and the residue appears gray ish wh ite. Then they were 

removed from the furnace and placed in desiccators for 60 min. Finally the mass of each 

___ -wcrucib.l.e...w.as . .w.elgh.ecLas...(~),----------------------------

The tota l ash was calculated from the equation: 

o W3-Wl 
Yo Ash = W2 ' 100 .......... . ................... Eq.6 

Where: W, = Weight o f crucible 

W2 = Weight of ash + crucible 

W3 = Weight of fre sh sample 

3.7.1.6. Carbohyd rate 

The total ca rbohydrate content was determined by d ifference i.e, subtracting the sum of the 

percentages of moisture, crude prote in, crude fa t, crude fiber and Ash content from I 00. 

3.6.1.7. E nergy values 

Energy va lues were ca lculated using factors of 4, 9 and 4 for each gram of prote in, fat and 

carbohydrate, respective ly Wait el.ai., (1986). 
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3.7.2. Mineral analysis 

Analysis of minerals; Fe. Ca, Zn, Mg and Na was determined according to Official Method of 

Analysis (AOAC) 999.10 by microwave digestion and Flame Atomic Absorption 

Spectrophotometer (FAAS).Products are digested w ith HNO) and 1-I 20 2under pressure in a 

closed vessel heated by microwaves. Solution is diluted with H20. 

3.7.3. Microbiological Quality analysis 

3.7.3.1.To tal aerobic bacterial count 

The aerobic plate count (APC) is intended to indicate the leve l of microorgan ism in a 

prod uct. In order to determ ine the total aerobic bacteria l count ana lyt ica l method given in 

ISO 4833 was employed. I 0 g sample was we ighed and dil uted with 90ml of Phosphate 

Buffer. Serial dilut ions were made from the first suspension in 1:9 sample-d iluent ratios. I ml 

of samp le was transferred from each suspension into duplicate petri dishes after which about 

IS ml of steri le mo lten Plate Cou nt Agar (PCA) medium was added. T he plates were let to 

solidify on an even surface and incubated (inverted) in an incubator set to a temperature of 

30°C±1 for 72±2 hrs. Colon ies were count after the incubat ion period according to the 

----IPl'Ocedul'c-descdbedJn..lSO-12L8, _______________________ -----

3.7.3.2.Yeast and Mold count 

Yeast and Mold count was determined according to the standard method given in Official 

Method of Analysis ISO 79S4.The colony count estimates the number of viable aerobic 

mould and yeast per g or ml of the product. A 10 graml ml portion of the food homogenate 

was di luted with 90 ml of phosphate buffer. Serial di lut ions were made in 1:9 samples to 

diluent rat io. About I S-20 ml of Dich loran Rose Bengal Chloramphenico l Agar (DRBCA) 

was poured into sterile petri d ishes and so lidified . A 0. 1 ml portio n of sample homogenate 

was spread on the solid ified agar surface and incubated at a temperature of2SoC for 3-S days. 

Typ ical colonies of Yeast and Mold were counted and results expressed according to the 

method described in ISO 7218. 
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3.7.3.3.Enumeration of En terobacteriaceae 

Enumeration of Enterobacteriaceae is determ ined according to the method described in ISO 

21528-2. Enumeration is carried out by counting colonies in a solid medium after incubation 

at 37 °C. without pre-enrichment, for the enumeration of Enterobacteriaceae. 

10 grams and ml of so lid and liquid samples respectively were weighed and diluted with 90 

ml phosphate buffer to make first dilution (10"). Petri dishes are inocu lated with I ml ofthe 

test sample if the init ial product and or suspension . I 5 ml of Violet Red Bi le Glucose Agar 

was poured into sterile petri dishes and let to so lidify . A 10 ml of the same medium was 

added as an overlay and solidified. Further Petri di shes are inoculated, under the same 

conditions, using decimal dilutions of the test sample or of the initial suspension. The plates 

were incubate aerobically at 37 °C for 20 h ±2 h. Characteristic co lon ies were enumerated 

and confirmed by means of tests for fermentation of glucose and presence of oxidase. 

3.7.3.4.Staphylococclls aureus count 

Coagulate positive staphylococcus strains was determined according to the analytical method 

given in ISO 6688-1.10 gram and ml sam ples were prepared wi th subsequent di lut ion, plated 

Ollt on Baird parker aga r and incubated at 35 °C for 20 h ±2 h Typical co loni eswere se lected 

and biochemically confirmed using Brai n Heart lnfusion Broth (Bl-II)and Coagulase Tests. 

3.7.4. Shelf stability, pH and Viscosity determination 

The storage ability of the product was determined within a period of seven days at two 

different storage temperatures, 4°C and room temperature (ambient temperature). 

Microbiological quality parameters; total aerobic bacterial count, yeast and mold count, and 

Enterobacteriaceae count was determined. The pH of the cheese whey and final product 

(whey-teff beverage) was determined using bench top pH meter (Metler-b led AG FEP-20-

Germany) with standard buffer solution of pH values 4.0 and 7.0 used for ca libration. 

The viscos ity of the final product was determined using a DV-E VISCOMETER (Model- MS-

12BB, Germany). The measurement was done using spindle numbers 63 and 64 for different 

formulations at 100 rpm (rotation per minute), at room temperature across a period of seven 

days. 

3.7.5. Sensory Evaluation 

A co mplete sensory plan, according to the method described in ES ISO 111 36: 2016, was 

adopted to eva luate the taste, co lor, flavour and overall acceptability of the fina l prod ucts. 
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Hence, 30 consumer panellists were recruited from BLESS Agri Food Laboratory Services 

PLC. Criterion was set to choose individuals who have experience in consumption of the 

trad iti onal atmit produced in household . The age group of the panell ists was 23-43 . Female 

participants were 13 and 17 of the pane ll ists were male. The panelli sts have awareness of 

sensory evaluation proced ures and mean ing of the descripti ve terms used. 

Panelli sts were instructed to eva luate co lor first and then to eva luate taste, flavour and overall 

acceptability. A n ine-point Hedoni c sca le with I =D islike extremely, 5=neither like nor 

dislike, 9=Like extremely was used fo r all att ribu tes measu red. A 50 gram sample was 

randoml y coded and presented in a transparent food grade plastic cup. Three samples were 

given at a time for the pane li sts, at room temperature, (-22.3°C), totaste, swa llow and rinse 

the ir mouth in between to min imize th e effects of uncontro llable sources of vari ation or error 

and to eli minate bias Watts et al., (1989). 

To block possible effects of j udges, the fo llowing model was used. 

Yij = J.l + Ti + Bj + E ij .... .... .. .. .. .... ... .. ....... Eq.7 

Where; 

• Y ij- is the response 
• Ti- is the t reatme nt 
• Bj- is the block effects 
• Eij .- is random error 

3.8. Modelling 

The experim ental data for each response variable were fitted to the quadratic mode l as Y= 

~+XI+X2+X3+XI 2 +xl+x/+x,X2+X,X3+X2X3 , where, Y=responses; ~=constant; X" X2, 

X3=linear regress ion; X 1
2, xl, X/=quadratic regress ion XIX2, X IX3, X2X3 =interacti on 

regress ion; X I , X2, X3= independent variables. 
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3.9. Data analysis 

Data (Microbiological test results, Proximate test, Mineral tests and sensory values) obta in ed 

from the experiment was analysed using Duncan ' s Multiple Range test (IBM SPSS version 

20.0) and in order to determine level of significance within means. A p-value below 0.05 was 

considered as significant. Both numerica l optimizati on and graphica l optimization technique 

were emp loyed us ing the Design Expert® version7.0 softwa re (State Ease Inc.) with the three 

components. 
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CHA PTER FOUR 

4. RES ULTS AND DISCUSS ION 

4.1. P.-oximatc composition 

Prox imat e compos iti on of raw materia ls, \vhey & tefr nour, and the final product were 

determined accord ing to the proposed test procedures. I-Ience. the results or Moisture, Crude 

Prote in. Crude Fat, C rude Ash, Tota l Carbohydrate, Crude fiber arc depicted in Table 4-1. 

Table 4-1. Proximate composition of cheese whey and tell 11 our (gil OOg DM except 
moisture) 

Product Mo isture (%) Protein Fat Ash Fiber 

Cheese whey 95. 20±O.75 IO.9 1±O.S I 3.59±O.S2 11 .20±0.46 NA 

Teff flollr 8.84±O.IS S.87±0.1 1 2.31 ±0.04 2.58±O.OS 3.2 1±O. 11 

*Values are given as Mean ± SO of trip licate run . 

NA- the lest was not applicable for the sample 

Carbohydrate 

76.44±O.98 

74. 19±0.44* 

The resul ts are expressed as mea n of tri plicate tria ls and standard deviation ill dry basis 

except for Moisture content, which is in wet basis. The mean values for protein o f 10 gi l OOg; 

fat of 3.99 gi l OOg, and ash content of 10.67 gil OOg of whey is close to the va lues fou nd by 

(Gupta, 2000) ; which were protein (9 gil OOg), la t (5.2 gil OOg) and ash (6 gil OOg) 

respecti ve ly. The fiber content of w hey was below the val ue range to be determined by the 

employed method of ana lysis, which was close to zero. 

The proximate composition of teff fl our of protein (8.84g1 I OOg), fat (2.3 gl I OOg), ash (2.58) 

and fiber co ntent of(3 .2 Ig/ 100g) are close enough to the va lues dete rmined by Baye, (2014); 

Bultosa, (2007); whic h were II gil OOg of protein, 2.5 gl lOOg of fat, 3.0 gi l OOg of fibe r and 

2.8 g/1 OOg of ash respectively. 
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Trial 

R-I 

R-2 

R_ ' 

R-4 

R-5 

R-6 

R-7 

R-8 

R-9 

R- IO 

R-I I 

R-1 2 

R- 13 

R-14 

R- IS 

R-1 6 

Tab le 4-2. Microbiological quality of cheese whey and teff flour (CFUlml & CFUlg 
respect ive ly) 

Product APC Yeast and Mold S.aureus Enterobacteriaceae 

Cheese whey 3.8* IO'±2. IO' <10 < 10 <10 

Teff fl our 9.8* IO'±1.3* 10' <10 <10 <10 

*Values are given as Mean ± SD of triplicate run. 

The microb iological quality of the raw materials indicated, no pathogenic (S.aureus) and 

spoilage (yeast and lIlold) and ind icator microbes (Enlerobacleriaceae) were detected. 

Moreover, the tota l bacterial load is very low which wou ld further be reducing during 

process ing of the fi nal product, (Table 4-2). 

Table 4-3. Prox imate composition of formulated products (gil OOg OM except moi sture) 

Moisture (%) Crude Protein Crude ral Crude Ash Crude fiber Carbohyd rate Energy(Kcal) 

86.32±0. 1' 8.84±0.54,·d.' 0.59±0.0 1 '., 5.63±0.06' 2.48±.5 4' 82.47±0.97,·,·m.p 370 .50±2.39' 

88.73±0.05' 9. 17±0.03'·'·' 0.94±0.05'·' 4.72±0.03'·' 1.75±0. 17' 83.4 2±0 .22,,'·"J·' 378.82±O.50' 

R, RHO ?". RR H O.08,·d., 1.67±0.02' 4.05±0.06' 2.27±0.05'·' 83 .15±0.08'·'·"·" 383.06±0.17'·'·' 

85.62±0.0 I' 8.92±0.02'·'· 0.57±0.03 '·' 4.62±0.05'J 2.33±0.07'·' 83.55±0. 11 d.,.' 375.04±0.19d 

82.0 1±O.0 1" 8.40±O. 15" O.50±0.O I '." 3.12±O.O2" 2.25±O.O6'· 85.73±O.O9' 381 .03±O.29"·' 

88.89±0.02' 11.99±0.13' 0.38±0.03'·' 4.86±0.02' 2.0 I ±O. I 7'" 80.75±0.34 374.42±0.59' 

85 .75±0.03 ' 9.29±0.1 I""'" 0.49±0.03'·d 3.83±O.O6'·' 1.88±0.09'·' 84.51 ±0.03' 379.65±0.36' 

87.02±0.02' 10.07±0.08' 0.23±0.02' 4.49±0.03' 1.87±0. 13' 83.34±0.19" 'J.' 375.73±0.36' 

79.20±0. 10' 7.49±0.03 ' 0.29±0.07'· 2.86±0.06" 1.89±0.2 1 , .• 87.47±0.31' 382.46±0.52'·'·' 

82.90±0.02" 9.49±0.02' 0.67±0.06' 3.34±O.OY 2.21 ±0.08'·' 84.30±O.02'J·" 38 l.l 4±0.54'·'· 

82.86±0.0 I' 9.39±0.04'J 0.69±0.0 I ,.' 3.42±0.07' 2.25±0. 12'·' 84.25±0.12'·' ·" 380.81 ±0.29'·' 

78.83±O.04 ' 7.72±0.17 ' O.86±0.04" 2.78±0.09 ' 1.86±0. 17" 86.78±0.27' 38S.76±0.4 3' 

89.24±0.09' I 0.45±0.1 0" I.S8±0.OS' 4.28±0.06J 1.85±0.1 I'" 81.84±0.29" "q 383.37±0.4S' 

83. 14±O.06J 9 .52±0 .04 ',' I.OS±0.03' 3.93±0.08' 2.13±0. I 3'" 83.38±O.1 DO.c, I,m,n 380.99±0.22" " ',' 

86.08±0.07'·' 11.84±0. 13' 1. 18±0.06J 3.70±0.O6'" 2.18±0, I 0'" 8 1 ,09±0, 16,·0 382.38±0,35" '·" 

88.96±0.02" 10,7 1±0.06' 1.27±0.06J 4.08±0.04' 1.74±0,24' 82,20±0,29P,Q 383.04±Q,63C
, I,' 

*Va lues are given as Mean ± SO of triplicate run. 

Values in the same column and not sharing the same superscript are significantly different at p<O.OS. 
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The mean moisture content of the formulated products ranged from 78.83-89.24 'Yo. The mean 

total ash, protein and fat conlent of the final products is in the range of 2.78- 5.63 g/ IOOg; 

7.49-11.99 gil OOg, and 0.23-1.67 gil OOg respectively, which is accou nted li·om the higher 

compos iti on ofwhcy, (Tab le 4-3). 

On the contrary, the mean crude fiber content of the final products ranges from 1.7- 2.48 

gl I OOg which is mostly accounted hom tcff 110ur. The contribution of w hey and pectin fo r 

fiber content is very insignificant. 

The mean total carbohyd rate of the formu lated products ran ges hom 80.75-87.47 gl100g 

which sl ightly was contributed marc from teff compos ition. This indicated, thc formulated 

products with high teff composition will have more carbohydrate content, as represented in 

contour surface plot, (Figure 4-1), and 3D plot, (Figure 4-2), respectively. 

Oesign-E>cpert® Software 

Carboh~rate 
CJ Desig n Points 

0
87.4667 

80.75 

X1 = A: VVhey 
X2 = B: Teff 
X3 = C: Sib. 

A: Whey 

11 88 
B: Teff 

Carboh ydrate 

Figure 4-1 . Contour plots for Carbohydrate 
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Oesign- E><pert® Software 

Carboh}drate 

0
87.4667 

80.75 

X1 = A: Whey 
X2 = B: Teff 
X3 = C: Sib. 

85 .35· 

'" "§ 
"R 
.<:: 

..8 81 .05 

ro 
<.) I 

A (94) ~;Z~~i~_~B~(':5~) =~,"=-=o.J1 
C (7) 

B (11) 

Figure 4-2.30 plots for Carbohydrate 

the mean fo tal protem content of the formulated products IS 111 the range ot7 .49-11.99 

gllOOg. The higher the percentage composition of whey, the higher to amount of protein of 

the formu lated products, as indicated in the contour, (Figure 4-3), and 3D surface plot, 

(Figure 4-4) given be low. 
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Desig n-E)(J)er l® Softwar e 

Protein 
o Design Points 

011.9933 

7.49 

X1 ::: A: Whey 
X2 ::: B: T eff 
X3::: C: Stb. 

Design-E;per t® Software 

Protein 

011 .9933 

7 .49 

Xl eo A: VVhey 
X2 eo 8 : Teff 
X 3 : C : Stb. 

A: Whey 

11 88 
B: Teff 

Protein 

Figure 4-3 .Contour surface plots for protein 
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10.50 

A (94) 

~~ 

8(11) 

A ( 88) 

Figure 4-4 . 3D plot for protein 
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The mea n total n,t composi tion of the formu lated products ranges fro m 0.23- 1.67 gil OOg. As 

represented in the contour su rfa ce plot, (Figure 4-5), and 3D su rface plot, (Figure 4-6), the 

values does not show inclination to any of the two major nutritiona l composition, leff and 

whey, rather the va lues aggrcgate towards the middle point. It is concluded that, the product 

contains a very small amo ullr of fat which is considered to have positi ve health benefits, such 

as wait management, if the product is consumed . 

Design-E;.pert® Softvo.rare 

Fat 
o Design Points 

01.67333 

0.233333 

X1 :::: A: Whey 
X2 = B: Teff 
X3 = C: Stb. 

11 88 
B: Te f f 

Fat 

Figure 4-5 .Contour surface plots fo r Fat 
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Desig n- E>;>ert® Software 

Fat 

0
1.67333 

0 .233333 

Xl = A: Whey 
X2=B: Teff 
X3 = C : S Ib . 

"O '~ 
1 28 ~ • 

o,, ;~, . 
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000 . r 
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Figu re 4-6. 30 plot fo r Fal 

4.2 . Mineral composition of ingred ients and formulated product 

C (7) 

------w� .. i "Gmi-<;Qmposi.l.iG �'l-o.f-~Ga,bn,Mg-<lnd-Na-wel'e-<jeleFlHi."e(i-feHol1eese-wl1ey-lHld-teff-------­

fl our and the formu lated products are presented in (Table 4.4)a nd (Table 4.5)respeetively. 

Total iron content (24.44 mg/lOOg). Ca lcium content (61.74 mg/ IOOg), Zinc contcnt ( 1.76 

mg/lOOg) and Magnes ium (1 89.0 mg/ IOOg) content o f Teff flo ur is close to the val ues o f 

(9 .5-377mg/lOOg) for Iron , (I 7- 1 24mg/l OOg) Calc ium and (2.4-6.8mg/ IOOg) zinc 

respecti ve ly, from prcvious work by Baye, (2014); Bultosa, (2007). 

Table 4-4 . Mineral content of raw materials (mg/ I OOg OM ) 

Product Fe e a Zn Mg Na 

Cheesc whcy 0. 19±0.00 20.07±0.27 <0.0010 20.50±0.44 11 3.02± \.23 

Te fr flour 24.44±0.49 61.74±0.25 1.76±0. 11 189.0.07±0.95 75.90±O.37 

*Values are given as Mean ± SD of triplicate run. 
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Table 4-5 . M ineral compositi on offonnulated prod uct (mgt l OOg DM) 

Trial Fe Ca Zn Mg Na 

R-I 12. 16±0.0 I' 295. 1 9±0.02' 1.66±0.02'·' 144.73±0.OS" 2S0.3S±0.OS' 

R-2 1O.64±0.02" 323 .90±0.02" 1.36±0.04' 13S.SI±0.OS" ·' 292.39±0.OS' 

R-3 13.73±0.01 ' 282.S2±0.04' I. 7S±0.06'·' IS2.S3±0.0 I' 369.90±0.11 ' 

R-4 2 1.2S±0.03' 249.4S±0.63" 1.49±0.02' 1 36.09±0.03'"·' 24S.46±0.04" 

R-S IS.78±0.12' 241.03±0.0 I' 1.6S±0.0 I " .. ' 167.99±0.19' 204.44±0.0 I' 

R-6 9.49±0.12' 261.S2±0.02 2.09±0.02' 114.44±0.02'·'·' 232.97±0.23' 

R-7 1O.06±0.04' 26S.42±0.06' I.SS±O.OS'· .' 117.11 ±0.77"·' 213.74±0.60' 

R-S I 0.S7±0.1 Ob 291.06±0.0 I ' I .S2±0.04' 121.37±0.06'·"·' 234.79±0.29" 

R-9 13.68±0.03 ' ISI.7S±O.02' 1.49±0.02' 96.74±0.333. ,c 124.9S±0.06' 

R-IO II.S7±0.06 ' 238.3S±0.4IJ I. 70±0.0 I '."J II S.7±0.14"·'·" 176 .S0±0.OSJ 

R-II 12.47±0.04' 27SA9±0.06' 1.6S±0.04"·'·J 124.73±0.06'"·' 204.S9±0.07' 

R-12 9. S7±0.02 ' 200.38±0.06' 1.47±0.04' 103.SI ±0.Q3' IS7.38±0.06' 

R-1 3 13.03±0.06J 399.41 ±0.03'" 1.3S±0.01 " 1 42.26±0.02'"·' 321.29±0.02' 

R-14 12.07±0.02' 1 77.07±0.02" 1.03±0.0 I' 77. 14±0.01"·'·' 132.SS±0.0 I'" 

R-IS 13.49±0.03' 296.78±0.IS" I.S4±0.0 I' 131.10±0.11'''·' 243.36±0.07" 

R-16 I I.SO±O.OS ' 336.83±0.OSP 1.47±0.02' 132.29±0.06,b., 32 1 AO±O.OS ' 

*Values are given as Mean ± S D oftripi icate run. 

Values in the same co lumn and not sharing the same superscript are sign ificantly different at 

p< 0 .05. 

The total Iron content of the formulated products ranges from 9.48-21.28 mglI OOg. The 

composition of Calcium, Z inc, Magnes ium and Sodium of the formulated products ranges 

from 177.07-399.4 1 mglI OOg; 1.03-2.09 mgt l OOg; 77.14-167.99 mglI OOg and 124.95-369.9 

mgfl OOg respectively. 

The compos ition of Calci um tend s to increase as the percentage of whey component 

increases as shown by the contour surface plot for Ca, (Figu re 4-7), and 3D su rface plot, 

(Figure 4-8). 
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4.3.Sensory Eva luation 

SensOlY eva lua ti on was performed for two treatments; Tr-2 a nd Tr-l3. whi ch showed good 

consistency across the storage days. Artificial fla vours; Vanilla (I ml). Ma ngo (O.S ml) and 

plain fla vour; artificia l sweetener of 144 mg (8 tabl ets) was added to each product, except a 

food co lor (ye ll ow, 150,tl) was added on ly to a product with mango fla vour. A to tal of 6 

separate products, three for each treatment , were evalua ted by 30 consumer panelists as 

presented in(Fi gure 4-9) below. 

T rial-2 1'ria-13 

Figure 4-9. Product presentation for sensory evaluation 

Table 4-6. Sensory eva luat ion of the two se lected treatments (n=30) 

Brand Code Cotor Taste f lavor Acceptability 

T21 T2-Vanilla 6.8± 1.24' 6.83±1.21 ' 7± 1.20' 7±0.96' 

T22 T2-Mango 6.7± 1.9 1' 6.23±1.55' 6.23± I .n' 6.2± 1.70b 

T23 T2- Plain 6.43± 1.38" 6.23±1.72" 6.2± 1.49" 6.5± 1.43h 

TI31 T I3-Vanilla 6.9±0.92" 7.2±0.75" 7.1±0.78" 7.1 ±0.71 " 

T I32 T 13-Mango 7. 1±1.I4" 6.5±1.79b 6.23± 1.94b 6.4±.57b 

T I33 T 13-Plain 6.4± 1.49b 6.4± 1.45' 6.23± I. X7b 6.33± 1.45" 
Values arc given as Mean ± SD. 

Values III the same column and not sharing the same superscrip t are 
significantly different at p< 0.05. 

From the sensory eva luation carried out (Table 4-6), the mean value for col or att ribute is 6.64 

& 6.80, for Tria l-2 and Trial-13 respecti ve ly. There is s igniti cant di tference, at p<0.05 , 

between co lor preference of plain flavorcd product both v,"i th mango and van illa Aavored 

products o f the two treatments. Taste has mean va lue of 6.43 (Trial-2) and 6.70 (Trial-13) . 

Signifi cant diffe re nce in taste, was exhibited between vani lla tlavored products both with 

mango and plain flavored products or lhe Iwo trcatmcnts at p<O.OS. 
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Flavour has mean value of 6.48 and 6.52 for Trial-2 and Trial-13 respectively. Significant 

difference in fla vor preference was observed between vani lla fla vored products, with mango 

and plain fl avored products of both treatments. The overall mean accepta bili ty of the two 

treatments were 6.56 (Trial-2) and 6.6 J (Trial- 13). Products with vanilla flavors of the two 

treatments were preferred the most with mean value of 7.05; plain flavored products ranked 

second with mean va lue of 6.42 and mango flavored products had the least overa ll 

acceptability with mean value of 6.30. 

4.4.Shelf stahility, pH and Viscosity determination 

The shelf stability of the selected consistent formulated products was determined by 

comparing their microbi ologica l quality by storing at ambient (-22.3 0c) and refrigerator 

(4°C) temperatures for seven days . 

The pH value of cheese whey and the final products were evaluated . As a result, whey had a 

mean pH value of 4.64 at 22.3 0c. The pH value of whey 4.64 was s lightly lower than the 

expected pH for sweet whey, which is in the range of 5.8-6.6 proposed by Bund,(2005). This 

might result from the technologica l applicat ions em ployed by the dairy industries to separate 

casein from whole mi lk and type of cheese produced; a practice that hi ghly impacts th e pl-I 

va lues of whey produced Fox el.al, (20 J 7). 

Howeve r, the mean pH va lue of the final product was 5.5 at the same temperature. The pI-I 

va lue of the final product, therefore, indicates a sli ght ly ac id ic medium wh ich creates 

unconducive environment for bacterial growth, whi ch was witnessed by the lower count of 

microbial ana lysis. From the microbial results obtained, it can be inferred that both trials are 

free from yeast and mold, S. aureus and Enterobacteriaceae count. However, they have 

accounted lower counts of aerobic bacterial count, which sl ightly increases across the days. 

The products stored at refrigerator temperatu res have exhibited synereses on the third day. 

I-rence, the test was halted and o nly early day cou nts were considered, which showed sim ilar 

bacterial count wi th prod ucts stored at room temperature, (Tab le 4-7). 
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Table 4-7. Microbiological quali ty of selected trials across the days (CFU/g) 

Product Test Date 
code Test parameter Storage Temperature Day-I Day-2 Day-3 Day-4 Day-5 Day-6 

Aerobic bacterial COllnt 
Room 180 160 160 180 210 210 
Refrigerator 180 160 NA NA NA NA 
Room <10 <10 <10 <10 <10 <10 

Yeast and Mold count 
<10 <10 Refrigerator NA NA NA NA 

Tr-2 
S.aureus Room <10 <10 <10 <10 <10 <10 

Refrigerator <10 <10 NA NA NA NA 

Enterobacteriaceae 
Room <10 <10 <10 <10 <10 <10 
Refrigerator <10 <10 NA NA NA NA 

Tr-13 Aerobic bacterial count 
Refrigerator <10 <10 NA NA NA NA 
Room 180 160 160 180 210 220 

Yeast and Mo ld count Room <10 <10 <10 <10 <10 <10 
Refrigerator <10 <10 NA NA NA NA 

Room <10 <10 <10 <10 <10 <10 
Tr-1 3 S.aureus 

Refrigerator <10 <10 NA NA NA NA 

Enterobacteriaceae 
Room <10 <10 <10 <IU <IU <10 

Refri gerator <10 <10 NA NA NA NA 
<IOCfulg implies no typical co lony growth is observed. 
NA impli es the test was not performed on the specified dates. 

4.5. Viscosity of the formulated product 

The viscosity of the formulated product was measured across the seven days of the proposed 

storage period, which is stated in(Table 4.8).The viscosity of the form ulated products ranges 

from 24.32 and 99.99cP. From the viscos ity measurement, it was witnessed that most of the 

formu lated products tend to ge latinize upon storage which cou ld have resulted from the 

interaction of pectin wi th whey protein; whey protein-protein complexes and starch 

gelatinization Tester & Morrison, (1990) . Therefore, only few trail s were ab le to show good 

consistency and remained viscous up to the proposed days of storage. 

There was no reference measurement found for similar product to bench mark the viscos ity of 

the current formulated products. The minimum and maximum viscos ity measurements, 24.32 

and 99.99 cP., respect ive ly at 100 rpm ., on the basis of the actual viscos ity measu res and 

product consistency were taken for granted. Accordingly, tria ls within thi s ran ge were 

eva luated to se lect the best consistent product using Design Expert software. 
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Table 4.8. Measurement of viscos ity (cP) 

Trial Spindle No. 
Viscosity measurement 

(cP) 

R-I 64 92.05±3. 14 
R-2 63 61.00±2.12 
R-3 64 97.85±2.0 
R-4 64 94.95±3.0 
R-5 64 99.99±0.2 
R-6 63 7 1.53±0.23 
R-7 63 86J4±0.21 
R-8 63 73.25±7.7 
R-9 64 99.99±0.! 
R- IO 64 97.89±0.1 
R-II 64 99.99±0.2 
R- 12 64 99.99±OJ 
R-13 63 24.32±2.2 
R-14 64 98.76± 1.4 
R-15 64 88A4±3.2 
R- 16 64 35 .86± IA 
Values are given as Mean ± SO of triplicate 

measurement. 

Among the form u lated trial s, Trial numbers Tr-2 and Tr-13 exhibited a cons istent flow across 

the period of storage. The v iscosities of the two trial s are discussed in (Table 4-

9).Optimization for viscosity of the formu lated prod ucts within the minimum and maximum 

range resulted in four poss ible so lution each with des irability value of I. As a result, the best 

viscous products are obta ined when whey is in the range of 93.13 -94 %; Teff flour in the 

range of 5.0-5.87 % and stabilizer at its lowest percentage, which is 1%. 

Table 4-9. Viscosity of selected tria ls (cP) 

Trial code Viscosity (cP) at 100rpm 

Tri al-2 61.00±2.12 

Trial-13 24.32±2.2 
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As can be secn from the conlou r surface plOI , (Figurc 4-10), and 3D plOI, (Figure 4 - 11), 

respect ively, the viscos ity of the formulated products increases as the ration of teff decreases 

and whey composition increases . The more consistent product formulations, hence, were 

achie ved wi th min imum terr and higher whey composi tions. 
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4.6. Nu trition Fnct of the final product 

The final product has a tota l vo lume o f 282 g. Based on a 2000 ca lorie d iet, des igned for 

adul ts and childrcn ovcr 4 years ofagc. Nutriti onal provision o f 2: 20% is considcrcd high or 

cxcc ll ent, 10- 19% good and <5% low based on a 2000 calori c d iet Whitney & Ellie, (2008). 

The designed produc t (Tria l- 13) can provide 8.3%, 2%, I % and 4% of the recommended 

daily a llowance o r carbohydrate, protein , fat and fiber, rcspccti vc ly. Morcovcr, the mineral 

composition o f the formulated product accou nts Ca (21.1 %), Iron (22.2%), Zn (I %), Mg 

(12.3%), and Na (4.1 %) of the recommended dai ly val ues. 

Based on the above assumption, the product is an excellen t source of Energy, and Iron; good 

source of Carbohyd rate, Calcium and Magnesium; and prov ides low amounts of fat, protein 

and fibcr. Thc low pcrccntage compos iti on of fa t, however, could be considered good from 

hea lth y nutritiona l di et point of view. In genera l, the product could be consumed by all age 

groups excludi ng in fa nts , and ca n provide a considerab le amount of macro and micro 

nut rients . 

Nutrition Facts! 1'9""/'0 ~Ht 

Serving size I "2 cup (282g) 

Total Calorie 130% Daily Value (%)* 

M:I''P. Ilfl.t(%)* 

Total rat !r<r~'l ' onm1 O.5g('7) 1% 

C arboh ydrat l'/ IlC(l V.e£'&.·-" 25g("1) 8.3% 

Diet a ry FibreI4,,enc I g("I) 4% 
P r otein/Tl.'t'} 3.2g("I) 2% 

C alc illm/ l"t t\ l'I.. fVU 121mg ('J'I .. "I) 12.1% 

Ir on/{ll:" -Img(a'l,. "1) 22.2% 

Z in cl Ii ,}h 0.4 mg("'1.."1) 1% 

M agncs illllll 0lJ<? Z1fY1O 43.2mg('''I .. ''1) 12.3% 

Sodi uml f'I .e-f9"D 98mg (" '1 .. "1 ) -1.1 " 0 

· Pcrl·cnt d;lily v;I!IICS arc b;l~cd un;1 ~OOO caloric diet 

Ingredients: ChITS': whey. Teff !lour. Pectin. ;lrtdic ia! Slll'l'lt'nCr :md 

vanilla 
"lllhr:>':.j};rn.<"j:!·/;h·I;"):I'IC1l· 1'1/,..11 "'J{I''<.~"I.:(j).'\ 
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CHAPTER FIVE 

5. CONCLUSION AND RECOMMENDATION 

5.1. CONCLUSION 

The princ ipal o bjecti ve of thi s resea rch was to des ign and deve lop a product with sound 

consistency an d optimized nutritional composition from liquid whey, teff flour and pect in 

as a stabilizer. 

With the he lp of Des ign Expert software, it was found out all sixteen trials were of 

cons iderab le proximate and minera l compos it ion. The optimum protein, fat and ash 

compos ition was achieved when higher percentage of whey was added to the 

formulations. However, the fibe r content o f teff flo ur contri butes to the advantage of 

obtaining higher ca rbohydrate va lues when teff is at higher co mposition than whey. 

The overall mineral composition of the final product is prominent. The tendency of the 

majority of the mineral composition does not show significant inclinati on towards any of 

the two mai n contributors, Whey and teff fl our. However, ca lcium compositi on at large 

_____ Aaun,d---5odi um s ligh.ti), tend to increase when whe~U:llgh.eLpl:Ke.ntag!;'e,,-,o>.lJfLJ.tilhe,,-______ _ 

formu lations. 

Although pectin has considerab le nutritiona l advantage, in add ition to being used as a 

stabi lizer, in this research, however, its nutr it ional contribution to the fo rmulated product 

is insignificant s ince it was added in very low amou nt. Despite the nutr itional 

compos ition of the fo rmulated prod ucts, the viscosity of the product natu re is the 

dctermining factor. To this end, among the sixteen tri a ls made, only two trials were found 

to have best consistency. 

Shelf sta bility of the prod uct has showed that it stays consistentl y over a period of seven 

days at room temperature. However, at refrigeration temperature, the product exhibited 

synereses at early days of sto rage . Microbiological qua li ty of the products during the 

storage period showed no signifi cant increase and pathoge ni c microbes were not detected 

ow ing to the product 's lower pH value. Howeve r, the product deve loped an off-odor that 

resulted from various fla vo ur components contained by whey. 

[n order to increase the acceptab ili ty of the formulated prod uct, art ific ia l flavour and 

sweetener has played a vita l role. Product w ith vanilla fl avou r has gai ned more 
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acceptab ility over the form ulations with mango and plain flavour. Food color (yellow) 

was added to a product with mango flavour which was not preferred by most of the 

consum er panelists. 

As the major outcome of thi s research; two consistent products with cons iderable 

nutritiona l value, of protein 9.1 7-10.45 g/IOOg; fat 0.94-1.58; carbohydrate 8 1.84-83.42 

gll OOg and energy value of378.82-380.99 Kcal was obtained in addition to their apparent 

mineral composition. The final product was packed in a glass bottle with 282 gram and a 

serving can provide good deal of nutrients. 

5.2. RECOMMENDATIONS 

• The current research and previous studies depict the advantages of using whey in the 

formulations of va luable nutritious food from dairy by-product which co uld have 

otherw ise been discarded . Hence, the formulated products are of good nutritional 

composition. 

• The current research could also be an insight for the dairy industries to see the 

______ possihiiities-oL utiiizing--WJle¥--ilLtheJoHlIulatiolls-oL vadous-functionaL pwducts _ _____ _ 

Therefore, these industries need to consider it as an opportuni ty for creating a side 

business and generating additiona l income. 

• Whey could also be used for encapsulation of other vital minera ls and vitamins. Hence, 

formulation s of other functional products both for the food industries and 

pharmaceutica l app licat ions shall be considered. 

• Commercia lizing such functional products could benefit consumers of all age group, 

owing to its considerab le nutritional, sensory attributes and overall acceptability. 

However, fUJ1her studies shall be made to improve its sensory, flavor and shelf life. 

• The use of liquid cheese whey resulted in the development of an off-flavor due to 

various vo lat ile aromatic compounds contained by whey. This woul d have been 

avo id ed ifit was made in to powder, ifnot fo r its cost implication. 

• The viscosity of the prod ucts needs further modification with the use of different 
formu lations and modifi cations of the in gredients. 
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ANNEXES 
Annex-I : Ballot for Sensory Evaluation of Whey-Teff beverage product (English Vers ion) 

BALLOT FOR SENSORY EVALUATION OFTEFF-WHEY BEVERAGE PRODUCT 

(9 scalc hedonic tcst) 

Name: __________ Sex: __ ~Age: ___ Code: _ _ _ 

Date: _______ _ Judge No. __ _ 

Instruction : 

I. Please taste and evalu ate each sample in the given order, from left to right, according to 

the scale provide and write the correspondi ng score that best reflects your fee lings about 

the sample. Choose the descriptor which, in your op inion, is the most appl icab le to the 

characteristics being eva luated. Pl ease rinse your mouth with water while testing each sample. 

Thank you in advance, for voluntarily partic ipating in thi s sensory eva lu ation . 

Score Color Taste Flavor Overall acceptabi li ty 

Like extrelllely(9} 

Likc very much(8) 

Like llloderately(7) 

Like slightly (6) 

Neither like nor 

dislike(5} 

Disli ke slightly(4) 

Di sl ike moderately(3) 

Dislike very llluch(2) 

Dislike extrelllely( I} 
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Anncx-2: Ballot for Sensory Eva luation of Whey-Teff beverage product (Amharic Version) 

~,5!.·~ i _ _ 

'/"}i __ 

(TO(TOt.Y j 

~,rth91 I'-/' II;J))» --} 1'9"'1-0 'i(TO' '191 '1' 0-/"/' (TOfnO>' :"5'.9" -/'h-/-A (TOr'll..)' Il'?t- oJ _~. 

·H $!.·h70 0. :1'0>': : 1'9"''],0 '1 (TO''i 91'h 0-/'t1l'l'r'l0>' (TOllt.C-)· lIor'lt..)· -/9",?ano>· 

O') ' hhA 1'1"1]' $!.lfciA 1''''1.r'l-')-'} 1'9"'1,0 rtut $!.'?r'l'I,. :: ~,V\.-} I'r'?-o c,·an·c,· 

1l '/'lI0 r'l' 0;)'1 ~,<J:91-} 00>" / -/·1·an'l'9"fnO>· 1''''1,,/' '1'r'lo>'-} 1'9""/-0 '1 (TO.c,' $!.;/'anr'l ':: 

OIl.U 1'9"'1'0 c,' (TO.'i ·1'9"7j 'I$!. <J:,4' 5!.;;' 1f'/oJ' Oanl'\ -/' <J:91 0:" _1'.·"'1.y ~,'ianr'l'?c,- r'l-} :: 

ruot\Il • .r uoll.lC-l· ."t\~ tTJ6~ :pc,' 'Hrt,e,~'l' 

"h ;tf: '7 nn]?" a) .e: ~: 'I't\ U·(9) 

W']?" OJ.I': ~:'Pt\U·(8) 

n ,,0(11 ', . OJ5!.· ~: ~'t\U·(7) 

n-)·-in· OJ)'; J?:'Pt\ U·(6) 

~\t.\a) .~ .. I': 11")'9" 

~,t.\(I1" U+?"(5) 

n-)' -in' mt.\:/:'Pt\U·(4) 

nrIDrn', · rnt.\ :/:'Pt\ U· (3) 

nn]?" mr..=Ii~'t\ U·(2) 

),:C','''/ fin]?" rnt.\:';'Pt\ IJ·( 1) 
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Annex 3: Pictorial representation of some research activities (BLESS Agri-food 

laboratory Services PLC) 

Straining of whey with m uslin cloth Fat analysis with ASE system 

SensOlY booth Sensory analysis 
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Annex 4: Calibration curve for mineral analysis 
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