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Abstract 

The effect of wheat flour extraction on nutritional quality of two types of wheat grown in 

Ethiopia ( hard and soft) was evaluated. Whole wheat flour (lOO% extraction) and white wheat 

flour (68% extraction) were subjected to proximate, mineral and antioxidant analysis. Results 

indicated that at low extraction rate (68 %) the value of protein, fat, jibeI', ash, Iron, zinc and 

phmphorous and antioxidant content of the samples were significantly affected (decreased) 

(P< 0.05) by milling. The total phenolic content (TPC) of white wheatjlours, which rangedji-om 

3.34 to 3.49 mg CAE/g were significantly lower (p <0.005) than those of whole wheat flours 

(range 7.66 to 8.20 CAE/g). At the concentration of 50 mg/mL used, the scavenging effect of 

wheat extracts, on the DP PH radical scavenging decreased in the order of soft whole, hard 

whole, sofl white and hard while wheat flour, which were 90.39, 89.89, 75.80, 57.57%, 

respectively. Bread was prepared from different levels of substitution of white wheat jlour by 0 to 

25 % of wheat bran. The proximate composition, mineral content and sensory properties of the 

bread were investigated. The results indicated that protein, fat, ash, jiber, iron and zinc contents 

of the bran supplemented breads increased significantly (P<0.05) with the progressive increase 

in the bran level of the bread. The highest value for protein, fat, jiber ,ash, iron and zinc was 

12.04,2.61,2.48,3.27 g/100g and 4.84 and 2.33 mg/ IOOg respectively were found in 25 % bran 

supplemented bread. The sensory evaluation of bread showed that all level of supplemenlalion 

had mean score above 4 on over all acceptances. The results indicated that rejined milling at 

68% extraction significantly reduce the nutritional and antioxidant activity of wheat flour and 

Bread of good nutritional and sensory qualities could be produced from 10 % and 20 % bran 

supplementat ion. 

Key words: Whole wheat flour, white flour, bran, extraction rate, free radical scavenging 

activity. 
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CHAPTER ONE 

1. INTRODUCTION 

Wheat has accompanied humans since remote times (as fa r back as 3000 to 4000 BC) in 

their evolution and development, evolv ing itse lf (i n part by nature and in part by 

manipu lat ion) from its prim itive form (em mer wheat) into the presently cultivated species 

(Curti s el al. ,2002). Wheat crop is widely adapted to a variety of environments and is 

cu ltivated in tropical, subtrop ical and temperate areas (Hussa in el al., 2013). It is widely 

consumed by humans, in the countries of primary production (which number over 100 in 

the FAO production stat istics for 2004) and in other countri es where wheat cannot be 

grown ( Shewry, 2009) . It also occupies 27 percent of the total cereal production 

worldwide (Curt is el al.,2002). It is thus, an important agricu ltural com modity wh ich is 

consumed in large amollnt all over the world among all grains. 

Ethiopia is the largest wheat producer in sub-Saharan Afr ica (MOA, 201 1). Nat ionally, 

wheat ranks fourth in total area coverage (1,389,215.00 hal. It is also third in 

productiv ity (after maize and sorghum) among cereals (CSA, 2005). It is one of the 

most important crops grown and consumed in Ethiopia both in terms of total production 

(2.85 mill ion MT in 20 1011 1) (CSA, 201 1) and the proportion of total calories 

consumed in the country ( 19.6% of ca lories consumed) (Rashid el ai. , 20 10). 

Wheat possesses several health benefits, espec iall y when utili zed as a wholegra in 

product. According to Kumar el al.(20 I I) wheat provides protection aga inst diseases 

such as constipation, ischaemic, heart disease, di verticu lum, appendic itis, diabetes. and 



obes ity .These benefits are attributed in part to the presence of different compounds such 

as dietary fi bers, phytochemicals, proteins, vitamins and minera ls (Ragaee el al., 201 2). 

Whole wheat gram consists of bran, germ and endosperm. When refined, only 

carbohydrate ri ch endosperm is retained. This results in a big loss of many nutritionall y 

valuable biochemical compounds such as dietary fiber, vitam ins, minerals and 

antioxidant compounds which play an important role in reduc ing card iovascular di sease 

(CYD) (Mellen et al. 2008). 

When wh ite flo ur is produced, many important nu tri ents and fibre are removed, because 

these components are mainly located in bran and germ (luliana et al., 20 12). Wheat bran 

is rich in protein (-14%), carbohydrates (- 27%), minerals (- 5%) and fat (- 6%) 

Anwarul , el aI. , 2002). In add ition, bran is the main by-product produced by milling. 

Wheat bran is a most important fiber source which is inexpensive and avai lable. It is a 

good source of not only dietary fiber but also for other major nutrients. The loss of 

vitamins and minerals in the refined wheat flour has led to widespread prevalence of 

constipation and other digest ive disturbances and nutritional di sorders (Kumar el al., 

20 11 ). 

The process of milling enta ils separating endosperm from the bran and germ and 

reducing it to flout'. Milling processes have an effect on the nutritional value of the 

various products produced from the kernel and there fore it is important to understand the 

extent of refi ning effect on the nutritional content of the wheat flour . It is also vital to 

2 



research poss ibi li ties and methods of the introduction of bran to recover the loss of 

mineral s during its extraction. 

1.1 Statement of the Problem 

Millng is the crit ical process affect ing the concentrations of nutrients in wheat-derived 

food products. The outer parts of the kernel , especiall y the aleurone layer and the germ 

are richer in mi nerals . Conventional milling reduces nutritional content in flour and 

concentrates them in the mi lling residues (Cubadda el aI., 2009). 

Whi te flo ur with the extract ion rate 68% meani ng up to 32 % of the ori ginal gra in is not 

in the fl our. Whole grain flour includes all parts of the seed and is 100% extraction. 

Mill ing of wheat into highly refined flours not on ly preclude considerable amounts of 

nutrients from human consumption, but the remaining flours have a much poorer 

nutritive value than flour made from whole wheat. 

Over the past twenty years, wheat prod uction and consumption have both increased in 

Ethiopia (Bergh, e/ al. , 201 2). On top of thi s wheat fl our covers a substantial proport ion 

of the population. According to the survey conducted in Eth iopia, 28% of consumers 

purchase flour and flour products. It is estimated that wheat flour reaches about 22 

million people (FDRE, 20 11) However, no published in fo rmation is ava ilable regard ing 

the effect of refining on nutr itional and antioxidant capaci ty of wheat that are common ly 

grown in Ethiopia though it is wide ly distributed and consumed. The nutritional va lue 

and antioxidant properties of wheat gra in are signi ficantly influenced by Soil type and 
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ri chness, growing temperatures, moisture levels, other climatic differences , and genotype 

(Adom el 01. , 2003) . 

It is therefore, very important to understand the nutritional value of wheat grown in 

Eth iopia and evaluate if we are getting most out of our grain after refined milling. 

Besides, it is necessary to find a way to improve the nutrient quality of the refined wheat 

flour products without compromising the palatability of the product. Hence, in thi s study 

an attempt was made to recover the nutrients through supp lementation of bran. 

1.2. Significance of the Study 

Research in the effect of refining of wheat on the nutritional value and supplementat ion 

of bran wi ll introduce and expand the use of wheat bran as va lue-added food ingredient 

and thereby enhance the nutritional value of bread. Results from thi s study will provide 

useful in fo rmation on the utili zation of wheat bran in manufacturing bread. 

1.3 Objectives of the Study 

1.3.1 General Objective 

To examine the effect of refined mi lling on the nutritional and antiox idant capacity of 

wheat (hard and soft), that are common in Ethiopia and to recover the loss of nutrients 

during milling through bran supplementation. 
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1.3.2 Specific Objectives 

• Eva luate the extent of loss of fiber, protein , iron , zinc and phosphorous and 

antiox idant capacity on two types of wheat (hard and soft) as a result of 

refined milling. 

• Study the effect of supplementing wheat flour with wheat bran on the 

nutriti ona l va lue. 

• Investigate the effect of supp lement ing wheat flour with wheat bran on the 

overa ll acceptab ili ty of the bread. 

1.4 Lim itation of the study 

Determ ination of vitamins were not included In the study due to shortage of time and 

fi nancia l resource. Furthermore, the conclusion made on the sensory resul t was not based 

on pane li sts who prefer to eat brown bread . 

5 
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CHAPTER TWO 

2. LITERATURE REVIEW 

2.1 Wheat 

Wheat grains are genera ll y oval shaped, although different wheat have gra ins that range 

from almost spherical to long, narrow and flattened shapes wheat grain is a seed, and 

each grain of wheat is made up of three distinct parts . There is the coarse outer bran layer 

then , inside the bran layer, the grain is made up of two main parts (F ig. I). The smaller 

part is called the germ (which wo uld grow into a new plant) and the larger part the 

endosperm (Sramkova et aI. , 2009). 

The wheat gra in contains 2-3% germ, 13-1 7% bran and 80-85% endosperm on dry bas is. 

A fruit coat, or pericarp, surrounds the seed and adheres closely to the seed coat. Th is 

type of fru it is commonly called a kernel or gra in . The peri carp surrounds the entire seed 

and acts as a protective covering. It is composed of several layers (IAOM , 20 lOa). The 

outer seed coat and bran layers and the crease are high in mi neral material (B lakeney el 

aI., 2009), which is about (7.2%) and also the protei n and carbohydrate level is high.( 

Sramkova el aI., 2009). 

The endosperm is the functional material for making end products. Endosperm cells are 

packed with starch granules and remnants of protein bod ies and ce ll membranes (A.B. 

Blakeney el al., 2009). The endosperm is not a homogenous piece of sta rch. It is div ided 

into count less cel ls separated from each other by th in wa ll s of cellulose. Each one of the 
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cell s contains starch gran ules wh ich are embedded in a prote in matrix. This protein 

matr ix forms the gluten. The gluten is the component, which gives strength to the flou r. It 

is formed from the prote ins gli adin and glutenin when water is present and gives 

elastic ity to the dough (lAOM, 20 11 ). 

WHEAT KERNEL 

;';~l 
=---"'0;_ . 
...... _11 ... 

=-=-.:: 

="-j ""';-' ....... 
..... c . .. , 

*' ..... 1(.000. .......... -. 
.......... 

,..-~;~ j 
"1----- ~~. 

ENDOSPERM 
( Flour) 

BRAN 

GERM 

Fig. I. The anatomical structure of a wheat kern el (S lavin el al., 200 I). 

The wheat germ is the embryonic wheat plant and it lies at one end of the grain (lOA M 

20 lOa) . Wheat ge rm is onl y a very small part of the kernel, approx imately 2 Y, percent in 

total. It contains more potass ium and iron than any other food source. Also fo und in great 

quantities are ribofl avin , ca lcium, zinc magnesi um and vitam ins A, B I and B3 . (Neli el 

al. , 2007). 
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Wheat germ, the main fatty component of wheat grain, is characterized by cons isting of 

po lyunsaturated fatty acids (Umar el aI., 2008). Wheat gra in comprises about 2-3g1 1 OOg 

of germ that produces abo ut IlgllOOg oi l, rich in unsaturated fatty ac ids espec ial ly 

lino leic acid ( Naz & Sadiq, 20 I I). 

2.1.1 Types of Wheat 

Rou ghly 90 to 95 percent of the wheat produced in the worl d, abo ut 600 million tones is 

common wheat (Triticum aestivum) which is better known as hard wheat or soft wheat, 

depending on grain hard ness (Curtis, 2002) Wheat is cons idered of to be the greatest 

im portance among cereals because of its process ing characteristics (Marie & Ivan, 

2009). Wheat hardness variation is (hard or soft grai n texture) an im portant trait in the 

determination of end-use qua lity of wheat flours for food industry. Common 

class ifi cations differentiate ' soft' and ' hard ' (T. a~stivlllll) wheat from ' very hard ' or 

durum wheat (T. durum) (Topin et al.et aI., 2008) . 

2.1.1.1 Hard Wheat 

Kernel hardness in bread wheat (Triticum aestivum L.), a staple food source for humans, 

is a major grai n quality trait as it determ ines the physical properties and hence the end­

uses of flour (Lesage et al., 20 12). Hardness is defined as "difficult to penetrate or reduce 

to smaller fragments (Danie la, 2007) . The hardness of the gra in appears to be determined 

by the degree of adhesion between the starch granules and the protein matri x (Cs6ti el al. 

2005) but poss ibly also between the matrix prote ins and the ce ll wa ll s. Due to strong 

ad hes ion, starch granu les fragmenti ze du rin g the milling of hard wheat. Th is 

fragmentation is ca lled starch damage. [t is the most important factor in determining the 
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water absorption of flour. It also determines the amount of carbohydrates avai lable to 

yeasts for fermentative activity. Therefore, it positively affects gas prod uction, loaf 

vo lume and, as a result, baking quality. Thus, hardness is one of the most important 

characteristics that affect the functionality of wheat. It affects a range of characters 

including the milling (tempering, milling yield, flour palticle size, shape and density of 

flour particles), baking and end-use properties (Danie la, 2007). 

Mi lling of a hard variety requires more energy and thus severity of grinding results in 

higher percentage of damaged starch in hard wheat flours. By contrast, lesser energy is 

needed to grind soft wheat grains to des ired particle size flour and hence the soft wheat 

flour generally has lesser percentage of damaged starch ( AI-Dmoor 20 13). 

Hard wh ite wheat has a hard endosperm, white bran, and a medium to high protein 

content (10.0 to 14.0 percent) (Blakeney el at., 2009). Hard wheat is known for its high 

gluten content, which is important in bread making, products (Ragaee el al. , 20 12). 

Despite its relatively recent origin, bread wheat shows suffic ient genetic diversity to 

allow the development of over 25 000 types (Feldman et aI., 1995) which are adapted to a 

wide range of temperate environments (Shewry 2009). 

2.1.1.2 Soft wheat 

Soft wheat kerne l structure is typ icall y larger and plumper than hard wheat. In general , 

the soft wheat kernel tends to be softer and less glassy in appearance than a hard wheat 

kernel (lOAM, 20 11). Soft wheat on milling yields weaker flour with relati ve ly lower 
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protein content. Weak flour proteins do not form a continuous gluten matrix when flour is 

mixed with water due to smaller quant ity and basic quali ty characteristi cs of gluten 

proteins in weak flou r (Hanee, 20 13). 

An important functional difference between hard and soft wheat is in their water 

absorption. Soft wheat have the softer endosperm texture (requ ire less energy to mi ll ) and 

yield sma ller partic les with less starch damage upon milling than do hard wheat (Dan iela, 

2007). Soft wheat is used for pastr ies, (Ragaee el ai., 20 12). Soft white wheat has low 

protein (8.5 to 10.5 percent) and low moisture. It is used in flat breads, cakes, biscuits, 

pastries, crackers, and snack foods (Blakeney e/ ai., 2009). 

2.1.1.3 Dururn wheat 

Durum grains are amber-colored and larger than those of other types (lOAM, 20 II ). 

Durum wheat is the hardest of all wheat classes with a high protein content (12.0 to 15.0 

percent), ye ll ow endosperm, and wh ite bran (Blakeney e/ 01., 2009). Wh ile common 

wheat is milled to prod uce flour, the object ive of milling duru m wheat is to produce 

semolina and to minimize the product ion of durum fl our. Semolina is the coarse, granular 

partic les of endosperm used for pasta processing (Dariusz & Janusz, 2005). 

The key features of durum wheat inc lude its hardness, intense yellow colour and nutty 

taste. After conversion to pasta, durum wheat produces products with good cook ing 

qua lity and stabili ty to overcooking with unmatchab le eating quality (M ike, 2008). 
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2.2 Wheat Milling Process 

The objective of milling is to separate the starchy endosperm from the kernel, and to 

ground it in to nour (luliana el al.. 2012). Wheat is common ly used in refined fo rm 

exc luding its outer husk 'The bran ' (Mohsin et aI., 2012). When milling wheat to produce 

nour for bakeries, the customer may require finely m ill ed wh ite nour that contains mostly 

the starchy material with litt le or none of the bran, germ or husk (Fellows el aI., 1995). 

The wheat mill ing process involves cleaning, tampering, mill ing and finishing the 

product as di scussed here under. 

2.2.1 Cleaning 

In modern milling considerable attention is given to pre liminary screening and cleaning 

of the wheat or blend of wheat to exclude foreign seed and other impurities (Fellows el 

aI. , 1995) Wheat undergoes a cleaning process in order to get rid of foreign materials and 

impurities . These various steps of cleaning involve a number of cleaning machinery li ke 

aspirators, de-stoners, and seed removers, are used at various places and in different 

combinations varying from mill to mill , to get rid of foreign material s (Anon.1993) . 

2.2.2 Tampering 

After cleaning, the wheat is transferred to tempering bins for extensive condition ing 

when water is added in order to facilitate the efficient separation of the endosperm from 

the bran (Anon.1993). The wheat is dampened and washed if it is too dry for subsequent 

efficient grind ing, or if it is too damp it is gently dried to avoid damaging the phys ical 
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state of the protei n present, mainly in the form of the elastic substance glu ten (Fellows el 

aI., 1995). 

2.2.3 Milling 

The first step in grinding for the grad ual reduction process is performed between stee l 

cylinders, with grooved surfaces, working at differential speeds. The wheat is directed 

between the first "break," or set of rol ls, and is parti all y torn open .Then separated by 

suitable sieving and the branny impurities can be removed by air puri fiers and other 

devices . The cleaned semolina is reduced to fine fl our by grinding between smooth steel 

rolls, call ed reduction rolls . The flour produced in the red uction ro ll s is then sieved out 

(I AOM,20 10a). 

The various siev ing and puri fication processes free more and more endosperm in the 

form of fl our. Flour is obtained from a whole se ries of processing operations. The flou r is 

sieved out after each reduction roll . The sieving plant generally employs machines ca ll ed 

plan-sifters, and the air purifiers (IAOM, 20 lOb). 

2.2.4 Finished flour 

Wheat flours are characterized by the flour extract ion, which may be defined as the 

proportion of flour by weight, derived by millin g from a known quant ity of wheat (S lav in 

el al., 200 1). The extraction rate is used to defin e di fferent types of wheat flours. The 

fl our with less than 75% extraction rate is typical white. If the extraction rate exceeds 

80%, the fl our wi ll contain non endosperm particles, and if the extraction rate approaches 

100%, whole meal flour can be made (Clydesdale, 1994). In the milling process, the 

grains may be fract ionated into different types of flour. With decreasing extraction rates 
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in milling, more and more of the outer grain layers are removed resulting in the loss of 

dietary fiber and assoc iated bioactive compounds such as vitam ins B group, tryptophan 

and lignin (Ni lsson el al., 1997). 

The extraction rate of wheat flou r has marked effect upon its nutritional content. As a 

result of mil ling process, nutrient level of high extract ion rate flour increases directly 

with increase in fl our ash values (Matthews and Workman, 1977). 

2.3 Bread 

Bread may be described as a fermented product produced main ly from wheat flour, 

water, yeast and salt by a seri es of process involving mixing, knead ing, proofing, 

shaping and baking. Bread products and their production techniques differ widely 

around the world (Dewettinck el ai., 2008). 

Bread is a staple processed food that dates back over 12000 years (Anusooya el aI., 

20 10). The consumption of bread and other baked goods such as biscuits, doughnuts and 

cakes produced from wheat flour is very popul ar (Joe l el al., 20 I I). 

Wheat flour is one of the major conventional ingredients in bread making due to its 

gluten fraction, which is responsible for the elasticity of the dough by causing it to extend 

and trap the carbon dioxide generated by yeast during fermentat ion (Mepba el ai, 2007). 

The glute in permits bread to ri se since it strengthens the dough and allows it to trap and 

hold the smal l pockets of gas formed by the fermentat ion action of the yeast during the 

baking process (lOAM, 2011). On ly the flour of bread wheat is ab le to form dough that 
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exhibi ts the rheo logica l properties requ ired for the production of leavened bread. This 

property resu lts from the ab ili ty of wheat storage prote ins, g li adins and g lu tenins, to form 

spec ia l prote in com plex known as gluten. 

The use of white flour derived from the processing of whole wheat gra in , which is aimed 

at im proving the aesthetic value of wh ite bread has also led to the drastic reduction in the 

nutritional density and fiber content when compared to bread made from whole grain 

cerea ls (Maneju el ai., 20 I I). As bread is an important part of the di et, the loss of 

vitam ins during transformation of wheat grain to bread is an important nutritional issue 

(Dewett inck el al. , 2008). 

2.4 The Importance of Wheat Bran and its Application 

Bran is created as a by-product in milling industries and one million tons of wheat can 

produce up to 0.25 million tons of wheat bran . Accord ing to Caba llero el al (2003) 

wheat bran contains protein (13- 18%), fat (3-6%), ash (6-7%) and total dietary fibe r 

(35-58 %) of dry weight. Furthermore, wheat bran also contains several important 

compounds such as phenolic ac ids, carotenoids, li gnans, phytosterols, flavo noids, 

tochopherol and phyt ic acid which are di stributed unequally in d ifferent WB ti ssues 

Precise composit ion of macro and micronutrients may vary from cu lti var to culti var 

and the extraction technique of these compounds from bran. Wheat ash content is 

usuall y measured for quantification of bran (Naeem el aI. , 2009). 

Wheat bran has re latively diverse application in food , feed , medicine and fermentation 

industries due to its richness in carboh ydrates (most ly fibers) , protein and fats which 
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makes it an im portant dietary element (Mohsin el aI., 2012) and ant iox idants (Stevenson 

el al., 2012). Wheat who le gra in and wheat bran extracts possess antioxidant properties 

against oxidation of biologica ll y important molecules such as DNA, proteins and 

membrane lipids (Magda lena el aI., 20 13). 

Wheat bran is used as a supplemental source of dietary fiber for preventing co lon 

diseases ( including cancer), preventing gastri c cancer, treating Irritab le Bowel Syndrome 

(I8S) (Dan iela el aI., 2012; Kumar el al., 20 11 ). Compounds, such as vitamins, lignans, 

phenolic acids and alkylresorcinols, present in bran are desirab le ingredients to be added 

in da il y diet to improve the nutrit ional va lue of food. So WB can be used as natural and 

cheaper source of value added products in preparation of functional food ingred ients or 

for forti fication of certa in products. 20% WB supp lementation to flo ur and baked product 

offer an inexpens ive and interesting alternative to the synthetic v itam ins and nutrient 

supplements fo r poor people by adopting some pretreatment procedures (Gomez el aI., 

2003). Pretreatment (gr indi ng to obtain smaller parti cle size, heat treatment, pre­

fermentation with yeast and lactic acid bacteria and extrusion) of bran improves the 

nutriti onal as well as phys ica l quality of bread and baked products (De Kock el al., 1999; 

Salmenka llio el al., 200 1). Wheat bran can be used in fermentat ion industry, as a 

substrate for production of a range of products such as biomass, biofue l and product ion of 

other metabol ites (Mohsi n el al., 2012). 

2.5. Nutritive Value of Wheat 

The nutritional value of wheat is extremely important as it takes an important place 

among the few crop species be ing extensive ly grown as stap le food sources. Wheat is 
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rich in the basic nutrients such as energy, protein, vitamins and minerals and also 

contains balanced amounts of bioactive compounds such as dietary fiber and antioxidants 

(E I-Sayed e/ aI., 2008) and thus it presents the main source of nutrients to the most of the 

wo rl d population. 

2.5.1 Macronutrients 

Wheat has hi gher prote in content to maize, nce, and other major cereals (Adejumo, 

20 13). Protein is considered the most important nutrient fo r humans and animals, as 

manifested by the ori gin of its name, from the Greek proteios for primary (Zuzan, e/ al. , 

2009). The protein content of wheat grains may vary between 10% - ' 8% of the total dry 

matter (Zuzana, e/ al., 2009). Carbohydrates have special signiticance in cereals which 

usually comprise about 50-80% carbohydrate on a dry weight basis (Shelton and Lee, 

2000). Wheat flour is an excell ent source of comp lex carbohyd rate. (Adejumo, 2013). 

Cereals, such as wheat, are rich in insoluble dietary fib re, which increases fecal we ight, 

bu lk and softness increases the frequency of defecation and reduces the intest inal tran sit 

times (Muralikrishna & Rao, 2007). According to Haripriya & Premakumari (20 I 0) 

wheat is lower in soluble fiber than most grains. The refi ning of gra ins removes 

propOitionally more of the insoluble fiber than soluble fiber, although refined grains are 

low in total dietary fiber. 

Cereal gralll s store energy III the form of starch. The amount of starch conta ined in a 

wheat grain may vary between 60% and 75% of the total dry weight of the grain. The 
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germ has the highest amount of lip ids (1 1%), but significant amo un ts are also associated 

with the bran and the starch and prote ins of the endosperm. (Sramkova, el al. , 2009) 

2.5.2. Micronutrients 

Minerals, classified as micronutrients are needed by our body in small amounts. Minerals 

are important components required by humans in their daily food . Al l body processes 

depend upon the action of minerals to activate enzymes performing metabolic funct ions. 

Deficiency of specific minerals may lead to various chron ic diseases (Abrar el al., 20 10). 

Deficiency in minerals, however, can have a maj or impact on hea lth such as anemia and 

osteoporosis that commonly occur in both developed and develop ing countr ies. 

Iron defi ciency is the most widespread nutrient defi ciency in the world, estimated to 

affect over 2 bi ll ion people (Stoltzfus & Dreyfuss, 1998). Although many of these people 

li ve in less deve loped countries, it is also a significant problem in the developed world. 

Zinc defi ciency is also wide spread, particu larl y in Sub-Saharan Africa and South Asia, 

and has been est imated to account for 800 000 child deaths a year (Micronutri ent 

Initiative, 2006). Wheat and other cerea ls are significant sources of both of these 

minerals, contributing 44% of the dail y intake of iron (15% in bread) and 25% of the 

daily intake of zinc ( 11 % in bread) in the UK (Henderson el ai., 2007). 

Cerea ls and derived products are among the major dietary sources of essential elements 

for humans(Cubadda el ai. , 2009) Due to the high consumption of wheat in a vari ety of 
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food products all over the wo rld , wheat is cons idered an important source of minerals 

(Abrar et 01. , 20 I 0). The contribution of cereal products to the est imated dietary intake of 

several minerals and nutritionally beneficial trace elements is about 20-30% of them total 

intake in Western countries (Carcea et 01., 2007). 

Wheat is one of the cereals which is classified as ri ch sources of phosphorus (200- 1200 

mg/ 100 g) (Dewettinck el 01. , 2008). It is also a moderate sources of calcium (100-200 

mgllOO g), magnesium ( 100-200 mgllOO g), iron ( 1-5 mgllOO g) , zinc (1-5 mgllOO g) 

and copper (0.1-1 mgll 00 g)( Dewettinck el 01., 2008). 

2.6 Free radicals and antioxidants 

2.6.1 Free radicals 

Free radicals are atoms or molecules that have a single unpaired electron in their outer 

orbit. The unpaired electron in the free radical makes it very unstable and capable of 

reacting with other molecules such as proteins, DNA, and fatty acids, lead ing to change in 

structure and function (Tuppo & Forman, 200 I). 

Oxygen is an element indispensable for life. Oxidative properti es of oxygen playa vital 

role in diverse biological phenomena. Oxygen has double edged propelties, being 

essential fo r life; it can also aggravate the damage within the ce ll by oxidative events 

(Mahantesh e/ 01., 20 12). Free radicals are produced as part of nonnal cellular function. 

They may also be produced by endogenous and environmental sources. Endogenous 

sources include mitochondrial leak, respiratory burst, enzyme reactions, and auto-oxidant 
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reactions. Env ironmenta l sources include cigarette smoke, pollutants (such as ozone and 

nitrogendiox ide), ultraviolet light,and ioni zing rad iation (Young el el., 200 1). The most 

important free radicals produced are the oxygen derivatives such as the superoxide 

radica l and the hydroxy l free radi ca l (Tuppo & Forman, 200 I). 

Oxidative stress occurs when there is an im ba lance between the free radical s and their 

scavengers; either there is an increase in the production of free radi ca ls, a decrease in free 

radica l scavengers (such as ant iox idant enzymes and antioxidants), or both (Ehab & 

Lloyd 200 I). The elevated cell ul ar leve ls of ROS or free radica ls cause damage to nuc leic 

ac ids, prote ins, and membrane lipids and have been associated with man y ag ing-re lated 

hea lth problems including carcinogenes is and heart d iseases (Ha lliwell el aI., 1992). 

Overproduction of free rad icals can be responsible for ti ssue injury. Ce ll membranes are 

made of unsaturated lipids and these unsaturated lipid molecules of cell membranes are 

particularl y susceptible to free rad icals. Oxidative damage can direct to a breakdown or 

even hardening of li pids, which compos ition of all ce ll wal ls. Breakdown or hardening is 

due to lip id perox idation leads to death of ce ll or it hinders the cell to properl y get its 

nutrients. (Mahantesh e/ aI. , 20 12). The most exposed to the free radicals are cellular 

membranes that are rich in fatty acids polyunsatu rated oxidab le eas il y and can form 

lipoperox ids. ((O lariu el aI.2009).The bra in is particu larly very sensitive to ox idation 

stress poss ibly because of its high lipid content, high aerob ic metabo lic act ivity and low 

catalase activ ity (Mon el aI. , 2011). 
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2.6.2 Antioxidants 

Ant ioxidants are any substance that delay or inhibits ox idative damage to a target 

molecule. At a time one antiox idant molecule can react with single free rad icals and are 

capable to neutralize free radical s by donating one of the ir own e lectrons, ending the 

carbon-stealing react ion (Mahantesh el al., 2012). Most of the literature on plant 

pheno li cs focuses main ly on those present in fruit and vegetables, wines and teas. 

However, many phenolic compounds in fru it and vegetab les (i. e. pheno li c acids and 

flavonoids) are a lso repolted in cerea ls (Emanue la e/ aI., 20 12). 

There is pos itive relationship between the consumption of whole-grain products and 

reducing the incidence of chronic diseases. These beneficial effects have been attributed 

to the unique phytochem icals of the grains. Endogenous and exogenous antioxidants act 

as "free radical scavengers" by preventing and repairing damages caused by ROS and 

RNS, and therefore can enhance the immune defense and lower the risk of cancer and 

degenerative diseases (Mahantesh e/ aI. , 20 12). 

Antiox idants may exert their acti v ity by several mechani sms, li ke by suppress ing the 

product ion of active species by reduci ng hydro peroxides and H20 2, by sequestering 

meta l ions, termination of chain reaction by scavengi ng active free radical s and also 

caused repa iring and/or clearing damage of cell . Biosynthes is of other ant iox idants or 

defense enzymes also induced by some antioxidants. Therefore, antioxidant synthes ized 

in body or supp lied from outs ide li ke phyta constituents plays important role to protect 

th e body from free radical induced injury (Mahantes h et al., 20 12). 
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2.6.2.1 Classification of Antioxidants 

Generally, antioxidants can be classified as natural and synthetic antioxidants (Shu i & 

Leong, 2004). 

Natural and synthetic Antioxidants 

Natural antioxidants const itute a broad range of compounds including phenolic or 

nitrogen species and carotenoids. The body produces different antioxidants (endogenous 

antioxidants) to neutralize free rad icals and protect the body from different disease leads 

by the tissue injury. Exogenous antioxidants are externally suppl y to the body through 

food also plays important ro le to protect the body. The body has developed several 

endogenous antioxidant defense systems classified into two groups such as enzymatic 

and non enzymatic (Mahantesh et af. , 2012). 

Free radicals cause autoxidation and development of rancidity. During the storage of 

food, transition metals, light or other factors may initiate the generation of free radicals 

leading to lipid peroxidation or degradation of proteins, vitamins and pigments, cross­

linked lipids and other macromolecules into non-nutritive polymers. As a result, lipid 

peroxidation leads to the formation of off-flavors, off-color and undesirable chemical 

compounds. Antioxidants prevent foods from becoming rancid , browning, or developing 

black spots by suppress ing the reaction that occurs when foods are exposed to oxygen in 

the presence of I ight, heat, and transition metals. 
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Currently avai lable synthetic antiox idants li ke butylated hydroxyl an isole (BHA), 

butylated hydroxy toluene (BHT), tertiary butylated hydroquinon and gallic acid esters, 

have been suspected to cause or prompt negative hea lth effects. Hence, strong restrictions 

have been placed on the ir app lication and there is a trend to subst itute them with naturall y 

occurring ant ioxidants. Recently there has been an upsurge of interest in the therapeutic 

potentials of medic inal plants as antiox idants in reducing such free-radical-induced ti ssue 

injury (Mon e/ al., 2011). 

2.6.2.2 Antioxidant capacity of wheat 

In 1972, Fulcher first found that wheat grain contained antioxidants .S ince then, a 

number of studies have detected ant ioxidant properties in wheat and wheat-based food 

products. Wheat contains a diverse array of bioactive compounds that may contribute to 

its antioxidant capacity (Magdaltlna el al., 2013). These bioactive components include 

carotenoids, tocopherols, tocotrienols, phenolic ac ids, phytic acid, phytosterols and 

flavonoids (Abdel-Aal & Rabalski , 2008). 

The majority of beneficial antioxidant phytochemicals (including phenolic acid and 

alkylresorci nols) in whole wheat grain are present in the germ/bran fraction s (Stevenson 

e/ aI., 2012). Health-beneficial properties of whole-wheat grains can be largely ascribed 

to the presence of phytochemicals in the diet that reduce oxidative stress, thereby 

reduc ing the ri sk of chronic diseases. Among the different antioxidants present in wheat, 

phenolic compounds seem to have the greatest potentia l of being beneficial to hea lth 

(Archie e/ al., 2006). Studies have shown that wheat whole grain and wheat bran 
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extracts possess antiox idant properties aga inst ox idation of bio logica ll y important 

mo lecul es sllch as DNA, prote ins and membrane li pids (Abdel-Aal & Rabalski , 2008). 
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CHAPTER THREE 

3. MATERIALS AND METHODS 

3.1 Samples 

I-lard wheat (Kubsa) and soft wheat (ET- 13-A2) samples were obtained from Kebron 

food complex , Oromia region and Wedera farmers cooperat ive ,Debrebrhan , respectivel y 

in Ethiop ia . Bran sample was obta ined from universal food complex (Addis Ababa , 

Ethiopia). 

Fig 2. I-lard wheat bran soft wheat 

3.1.1 Milling of wheat 

One kg of each sample from both soft and hard wheat were c leaned and tempered 

sepa ratel y to 14% mo isture leve l and kept for 6 and 24 h respectively at ambient 

tempe rature in a closed plastic jar. The amou nt of water required for tempering was 

ca lculated according to AACC (2000) as fo ll ows: 
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Water to be added (ml) = I OO-original moisture%- I x wt. of sample (g) 
I OO-desired moisture% 

After tempering, wheat samples were milled at the extraction rate of 68% based on the 

capacity of the milling mach ine and 100% by using Buhler Automat ic mill 

(Deutsch land).The milling of flour was conducted at Kokeb flour and Pasta factory and 

The extraction rate was calcu lated accord ing to Slavin et aI., (2000) as follows: 

Extract ion (%)= ( :~) X 100 

Where WI = weight of refined white flour; W2 = Weight of the wheat before milling 

3.1.2 Formulation of bread 

Flour blends were prepared by mixing wheat flour with wheat bran in the proportions of 

100: 0 ,90: I 0,80:20 and 75:25 (wheat fluur to bran) using homogenizer and 100% white 

wheat flour was used as control. The formu lation was made based on the pre liminary test. 

The four flour samples were packaged in black low density polyethylene bags and stored 

in plast ic conta iners at room temperature from where samples were taken bread 

production. 

3.1.3 Processing of bread 

Bread was prepared by partially replacing the wheat flour with 0 %, 10%20%, 25% of 

bran sample. The dough was prepared based on the method described by Hertzberg 

(2007) with some modification by weigh ing 400 g of wheat flour, 8g sugar, 4 g sa lt, 8g 

of oil , 1.6g yeast. A mixer (Linkrich-B 15) was used to mix the ingredients in order to 

homogen ize the mixture for 30 min water was added to the dough until the desired 
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cons istency was achieved. The dough was weighed and divided into 3 eq ual porti ons. 

T hese were placed in baking pans and left for I h. Then they were transferred into an 

oven pre-heated to about 180 - 2S0°C and allowed to bake for 20 min. The baked 

products were left to coo l (Aboaba & Obakpolor, 20 I 0) . 

3.2 Proximate analysis of wheat flour and bread 

All samples were anal yzed for moisture, crude protein, crude fat, crude fiber and total ash 

according to their respective standard methods as described below. 

3.2.1. Determination of moisture contcnt 

The di sh used for the mo isture determination were dried at lOS ° c for I hour in drying 

oven. It then transferred to the des iccators cooled for 30 minutes, and we ighed. The 

prepared samples were mixed thorough ly and about S g of the fl our samples were 

transferred to the dried and weighed di shes. The dishes and their contents were placed in 

the dry ing oven and dried for 3 hI's at 10SoC, and then the dishes and their contents were 

cooled in des iccators to room temperature and reweighed. 

Ca lculation 

(
w - W) Me = 2 3 X 100 
W2 - Wi 

WI = mass of the dish. W2 = mass of the dish and the sample before drying, and W) = 

mass of the di sh and the sample after drying (AOAC,2000). 
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3.2.2. Determination of total ash content 

Total ash was determ ined according to AOAC(2000). 

The porcelain dishes used for the analysis were placed into a muffle furnace for 30 min at 

550°C. The dishes were removed and coo led in a desiccators for about 30 minutes to 

room temperature; each dish was weighed. About 2.5g of the flour and bread samples 

were added into each dish. The dishes were placed on a hotplate under a fume hood and 

the temperature was slowly increased until smoking ceases and the samples become 

thoroughl y charred. The dishes were placed inside the muffle furnace at 5500 C for 5 

hours and removed from the muffle and cooled in the desiccator and weighed. The 

amount of total ash was calculated by using the following formu la. 

Weight of total ash was calculated by difference and expressed as percentage of sample 

(
m 3 - ml) 

Calculation: % Ash = x 100 
m2 - ml 

Where, ml = mass of crucible 

m2 = sample mass with crucible 

mJ = final mass of sample with crucible 

3.2.3. Determination of crude protein (AOAC, 2000) 

Protein (N x 6 .25) was determined by the Kjeldah l method. All nitrogen is converted to 

ammonia by di gestion with a mixture of concentrated sulfuric acid contain ing copper 
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sulfate and potass ium sul fate as a catalys t. The ammon ia released after alkalini zation 

with sodium hyd roxide is steam di stilled into boric acid and titrated with hyd rochlori c 

ac id. 

Digestion: About O.Sg of the flour and bread samples were taken in a Tecator tube and 

6m l of concentrated sulfuri c ac id was added, mi xed, thoroughly and 3.Sml of 30% 

hydrogen peroxide was added step by step. As soon as the violet reactio n had ceased, the 

tubes were shaken for a few minutes and placed back into the rack. A 3 g of the catal yst 

mi xture (O.Sg of copper sulfate with I OOg of potass ium sulfate) was added into each tube, 

and allowed to stand for about 10 min before digestion. When the temperature of the 

digester reached 370°C, the tubes were lowered into the digester. The digesti on was 

continued until a clear so lution was obtained about 4hr. The tubes in the rack were then 

trans ferred into the fum e hood for coo ling; ISml of de ionized water was added, and 

shaken to avo id precipitation of sul fate in the so lution. 

Distillation: A 2S0m l conical fla sk containing 2Sml of the boric ac id-indicator so lution 

was placed under the condenser of the di stiller with its tips immersed into the so lution . 

The di gested and diluted so lution was transferred into the sample compartment of the 

distiller. The tubes were rin sed w ith two portions of about Sml deionized water and the 

rinses were added into the solution. A 2Sml of 40% sod ium hyd roxide solution was 

added into the compartment and washed down w ith a small amount of water, stoppered 

and the steam switched on. A 100mi solution of the sample was disti ll ed , and th en the 

rece iver was lowered so that the tip of the condenser is above the surface of the di still ate. 
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The d isti ll ation was cont inued unt il a total vo lume of 150ml is co llected. The t ip was 

rinsed with a few milliliter of water before the rece iver was removed . 

Titration: The di sti lled solution was then t itrated with O. IN hydrochloric acid to a 

reddi sh color. 

N itrogen (mg) in the sample = V x N x 14 

Nitrogen (gi l OOg) sample mg of nitrogen x I OO/mg sample 

Tota l nitrogen (%) = (V - Vb) x N x 14/W 

Crude protein (%) = total nitrogen (%) x 6.25 

Where: V = volume of hydrochloric ac id consumed to neutralize the samp le; V b = the 

volume of ac id consumed to neutrali ze the blank; N = norma li ty of the acid ; 14 = Eq.wt 

of nitrogen; 6.25 = conversion factor from total nitrogen to crude protein . 

3.2.4. Determination of crude fat content (AOAC, 2000) 

Crude fat was determined by exhaustively extractin g a known weight of sample in diethyl 

ether (boi ling point, 5S°C) in a soxh let extractor. The ether was evaporated from the 

extract ion flask. The amount of fat was quantified grav imetrica ll y and calculated from 

the difference in weight of the extraction fla sk before and after extraction as percentage. 

The extraction fla sks were cleaned, dried in dryi ng oven at 70°C for I hour, cooled in 

desiccators (with granul ar si li ca gel) for 30 minutes, and then we ighed. The bottom of the 

extraction th imble was covered with about 2cm layer of fat free cotton . About 2 gram of 
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flour / bread samples were added into the extract ion thimbles, and then covered with 

about 2cm layer of fat free cotton. The thimb les with the sample content were placed into 

soxhlet extraction chamber. The cooling water was switched on , and a 50 ml of dieth yl 

eth er was added to the extraction fl ask throu gh the condenser. The extraction was 

conducted for about 4 hI's. the extraction fla sks with their content were removed from the 

extraction chamber and placed in the drying oven at 70°C fo r about I hr, cooled to room 

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

(
W2 - Wl) 

% Fat content = W x 100 

Where: W = weight of fat; W2 = weight of extraction flask after extraction (wI. of flask 

and fat) ; WI = we ight of extraction flask before extraction (w!. of tlask); Wo = weight of 

fresh samp le. 

3.2.5. Determina tion of crude fiber content (AOAC, 2000) 

I g of sample (WI) and I g of cel ite (sand) was weighed into a crucible and placed the 

cruc ible in fibertec hot extract ion and added 150ml of hot 0.64N of sulfuric acid. Add 2 -

4 drops of n-octanol to prevent foaming & boiled for 10 min. In step 2 of hot extraction 

add 150ml ofO.556N NaOH & put 2 - 4 droplets ofn-octano l and bo il it for 10 min. In 

both process washi ng with hot de ionized water was applied. Evaporate so lvent, dry the 

cruc ibles at 130°c for 2 hours and coo led in dessicator and weigh (W2). Ash the sample in 

the cruc ible at 550°c for 3 hours and cooled down and we igh (Wl)' 

(
W2 - W3) 

% crude fiber = w1 * 100 
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3.3 Determination of Mineral contents 

3.3.1 Determination of Fe, and Zn 

Iron and zinc were determined according to the standard method of AOAC(2000). Ash 

was obtained from dry ashing of the samples. The ash was wetted completely with 5ml of 

6N HCI, and dried on a low temperature on hot plate. A 7ml of 3N HCL was added to the 

dried ash and heated on the hot plate until the so lution just boiled. The ash solution was 

cooled to room temperature in a hood and was filtered using filter paper (Whatman45,). 

A5 ml of 3N HCI was added in to each crucible dishes and was heated until a so lut ion 

boil ed ,then cooled and filtered into the flask. The crucible di shes are aga in washed th ree 

times with deionized water, the washing was filtered into a flask .Then the solution was 

cooled and diluted to 50 ml with de-ioni zed water. A blank was prepared by taking the 

same procedure as the sample. 

3.3.2 Determination of Phosphorus 

Phosphorus was determ ined using the molybdovanadate method (AOAC, 1990). Briefl y, 

Five ml of aliquot was pippeted from the sample digest into a 100 ml vo lumetric flask. 

Ten ml of the mol ybdate and vanadate so lutions was added to the samples and the 

standards and made up to vo lume with di st illed water. After 10-30 minutes color 

developed and measured on the absorbance of the blank, sample and standards by 

spectrophotometer at a wavelength of 460 nm. 

( ) 
_ ( CXV1 XV2 x mcf'\ 

p ppm - SxA) 
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Where: 

c = P concentration in sample digest read from the curve, ppm. 

VI = Volume of the digest ( 100 ml). 

V2 = Volume of the dil ution. 

S = Weight of the plant material ca lcinated in g. 

A = Aliquot (5 ml). 

mcf = mo isture correction factor 

3.4 Antioxidant capacity determination 

3.4.1. Sam ple extraction 

Samples were extracted based on the procedures as outlined by Wo ldegio rgis, el aI., 

(2014). The powdered wheat samples were homogenized and weighed in to ten gram. 

was then extracted by stirring with 100 ml of methanol at 25° C at 150 rpm for 24 h using 

an incubator shaker (ZHWY -I 03B) and then fi ltered through Whatman No. 1 tilter paper. 

The residue was then extracted with two additional 100 ml portions of methanol as 

described above. The combined methano lic extracts were evaporated at 40°C to dryness 

using a rotary evaporator and re-di ssolved in methanol at a concentration of 50 mghnl 

and stored at 4°C for further use. 
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3.4.2 Determination of free radical Scavenging Activity 

The hydrogen atoms or electrons donation ability of the corresponding extracts and some 

pure compounds were measured from the bleaching of purple co lored methanol sol ution 

of DPPH (Gursoy e/ al., 20 I 0). Antioxidant activity of the methanol extracts was 

determined by DPPH radical scavenging method as described by Woldegiorgis, et al" 

(20 14) . A 0.004% so lution of DPPI-I radica l so lution in methano l was prepared and then 2 

ml of DPPH solution was mixed with I ml of various concentrations (0.1-50 mg/ml) of 

the extracts in methanol. Fina ll y, the samples were incubated for 30 min in the dark at 

room temperature. Scavenging capacity was read spectrophotometricall y by monitoring 

the decrease in absorbance at 517 nm. Ascorbic acid was used as a standard and mixture 

without extract was used as the contr~ 1. Inhibition of free radical DPPI-I in percent (I %) 

was then ca lculated : 

Radical Scavenging Activity = AQ - A 1 x 100 
Ao 

Where Ao is the absorbance of the control and AI is the absorbance of the sample. The 

extract concentration provid ing 50% of radical s scavenging activity (I Cso) was calculated 

from the graph of RSA percentage against extract concentration . 

....---
The percentage yield extracts were ca lculated based on dry we ight as: 

Yield (%) = (W I/ W Z) x 100 

Where WI = weight of extract after so lvent evaporation; W2 = Weight of the grinded 

wheat. 
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3.4.3 Total phenolics determination 

Phenolic compounds concentration in the wheat was estimated w ith Folin-Ciocalteu 

reagent according to the Singleton & Ross i methode 1965) as described by Woldegiorgis, 

el aI., (2014) with some modification. One milliliter of sample (5000 Ilg) was mixed with 

I ml of Folin and Ciocalteu's phenol reagent. After 3 min , 1 ml of saturated sod ium 

carbonate (20%) so lution was added to the mixture and adjusted to 10 ml w ith distilled 

water. The reaction was kept in the dark for 90 min , after which the abso rbance was read 

at 725nm. Gallic acid was used to construct the standard curve (5-80Ilg/ml). The results 

were mean va lues ± standard error of mean and exp ressed as mg of ga lli c acid 

eq ui va lents/g of extract (GAEs). Total content of phenolic in wheat in ga lli c acid 

equivalent (GAE) was ca lculated by the follo wing formula: 

C = cxV 
m 

Where C is the total content of phenolic compounds, mg/g fresh material , in GAE; c is 

the concentration of gallic acid estab lished from the ca libration curve(Y= 0.0085x+ 

0.06492;R2=0.9966),V the vo lume of extract ,L ;m is the we ight of extract, g. 

3.5. Sensory Evaluation of bread 

Sensory evaluation was conducted for the freshl y baked breads by 30 semi-trained 

paneli sts consisting of students male and female aged from 23-43 years o ld from Food 

Science and Nutrition Center of Addi s Ababa University. 

The samples were presented randomly in identi cal containers, coded with three di git 

numbers. The senso ry was conducted using a seven point hedonic sca le. Where I=di slike 
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very much, 2 = dis li ke moderate ly, 3 = dislike slightly, 4 = neither li ke nor di slike, S = 

like slightl y, 6 = like moderate ly and 7= like very much. The sensory attri butes which 

were evaluated were taste, odour ,colour, texture and overall acceptab ility .Those samples 

were considered as acceptable which their average score for the overall acceptab ility 

were greater than 4 wh ich mean neither li ke nor dislike. (Lazardiou el aI. , 2007) . 

3.6 Statistica l Ana lysis 

The data were subjected to analysis of variance (ANOvA) and Duncan' s mUltiple range 

tests were used for mean separation at p < 0.05. Linear regress ion analysis was used to 

calcu late IC50 value. Pearson corre lation between DPPH scavenging (%) and total 

pheno lic content was considered at p < 0.05. 
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CHAPTER FOUR 

4. RESULT AND DISCUSSION 

4.1 Proximate composition of wheat, wheat bran and bread 

The mean value for moi sture, crude protein, crude fat, total ash and crude fiber of 

wheat bran , wheat flour (hard and soft), wh ite wheat flour (hard and soft) and bran 

supplemented bread are presented in Tables 4.1 and 4.2 and 4.3 . 

4.1.1 Proximate composition of wheat flour 

4.1.1.1 Moisture content of wheat flour 

The mean values for mo isture contents of different whole wheat and whi te wheat 

flours are presented in Tab le 4.1. It ranged from 10.48 to 12.30 %. The highest 

moisture level , 12.30%, was found in hard white wheat flour. The moisture content 

varies sign ificantly between who le and white flour and between hard and soft wh ite 

flour (P<0.05).The increment on moistu re content of both soft and hard white wheat 

as compared to the whole wheat flour could be due to the addition of water during 

tampering process to facilitate milling of wheat which resulted in retain ing more 

water in refined wheat fl our than who le wheat flour. 

4.1.1.2 Ash content of wheat flour 

The stati stical analys is (Table 4. 1) showed signifi cant difference (P<0.05) on total ash 

contents of all flour samples. The resu lt indicated that hi ghest ash content ranged from 

1.62 to 1.41 %. The highest ash content (1.62 %) was found in hard whole wheat flour 
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where as the soft white flour showed the lowest (0.38 %) ash content. The resu lts were 

comparable to the va lues obtained from different extraction rate of wheat flour which 

ranged 1.5 1 % to 0.54 % ash content at 93% and 70 % extraction rate respective ly 

(Azizi el ai., 2006). 

Table 4.1 Proximate composition of wheat 

Wheat samples 

Parameters 
HWF HWWF(refined) SWF S WWF(refined) 

Moisture (%) 

IO.75±O.3S' 
12.30±O.09c IO.4S±O. IO' 11.60±O.23b 

Ash (%) 1.62±O.03d O.65±O.O I b 1.41±O.07c O.3S±O.07a 

Fat (%) 1.82±O.04b 1.43±O.IS a 1.78±O.IOb 1.32±O. II ' 

Protein (%) 14 .40±O.30d 11.91±O.OS7c 9.I I±O.12b 7. 13±O.06a 

Fiber (%) 2.6±O.OSb O.42±O.O6' 2.5±O.OSb O,36±O.07' 

HWF- Hard whole wheat fl our, HWWF- Hard white wheat flour(refined) , SWF -Soft whole wheat 
flour, SWWF- Soft white wheat fl our(refined). Data are average of triplicate ±SE .Mean va lue with 
different superscript in the same rows are significantly different (P<O.05). 

4.1.1.3 Fat content of wheat flour 

The result for crude fat content is shown in Tab le 4.1 and the values showed 

significant diffe rence (P<0.05) between who le wheat flours and white wheat flours. 

The fat content decreased in white wheat flou!'. The highest fat content, 1.83%, was 

found in whole wheat fl our (100% extraction rate); whereas, the lowest, 1.32%, was 
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found in white wheat fl our (low extraction rate) . The high percentage of fat in whole 

wheat flour is because wheat germ is ground along with endosperm during milling 

(Farooq et aI., 2001). 

4.1.1.4 Protein content of wheat flour 

The results of thi s study indicated that the prote in contents for all flours varied 

signifi cant ly (P<O.OS). The protein contents decreased with in both hard and soft wh ite 

wheat flour ; at the same time th ere was signi fi cant difference between hard and soft 

who le wheat flour. The hi ghest protein content found on hard whole wheat flour was 

14.40 %; whereas the protein conten t of soft whole wheat flour was 9.11 %. The result 

of this study was in line with the value of hard and soft whole wheat reported by 

Blakeney et al. (2009) . 

4.1.1.5 Fiber content of wheat flour 

The mean value for fiber content of hard who le wheat, hard white wheat, soft whole 

wheat and soft white wheat flour are 2.6, 0.42 , 2.5 and 0.36 gl iOOg, respective ly 

(Tab le 4.1). The result of thi s study showed that there is signifi cant difference (P 

<0.05) between whole wheat flour and white wheat flour. Both hard and soft whole 

wheat fl our exhibited hi gh crude fiber content (2.6 and 2.5 %). 

The whi te wheat fl our showed less fiber content because wheat bran was remo ved 

during l11illing process which decreased the amou nt of fiber in fl our. The result of this 
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study is in agreement with Azizi ef ai, (2006), who reported crude fiber in the range of 

0.30 to 2.24 % white wheat and whole fl our respect ively. 

4.1.2. Proximate composition of wheat bran 

The prox imate composition of wheat bran samples are given in Tab le 4.2. Wheat bran 

was fo und to contain highest amounts of crude protein , fat , fiber and ash with mean 

va lues of 15.26 %, 3. 12%, 9.97%, and 4.45% res pecti vely (Tab le 4 .2). 

The obj ective of milling is to separate the bran and germ from the starch y endosperm 

so that the endosperm can be groun d into flour. The aleurone layer, w hi ch is rich in 

prote in , minerals and vitamins, usuall y breaks away with the outer layer o f th e bran in 

the mi lli ng process (Pederson et al., 1989), thus, contributing signi fica ntl y to the 

nutriti onal quality ofthe bran li'action (Posner, 2000). 

Table 4.2 Proximate composition of wheat bran 

Parameter Composition (gi l OOg) 

Prote in 15.26±0.35 

Fat 3. 12±0.7 

Fiber 9.97±0.27 

Ash 4 .5±O.16 
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4.1.3 Proximate compos itions of bread 

Proximate composition of different bran supplemented bread and control were ana lyzed 

for proximate composition . The stati stica l ana lysis of proximate composition of the 

samples is given in Table 4.3. 

Table 4.3 Proximate composition of Bran supplemented bread and control (Dry 

weigh t basis) 

Samples Moisture Protein Fat content Ash content Fiber content 
content % content % % % % 

Control 30.92±0.38 ' 9.42±.22 ' 1.56±.0.06' 1.38±0. IO' 0.3 8 ±0.02' 

(WFB) 

WF:BR 33. 14±0.26b I 0.70±0.55 b 2.14±0.032b 2.04±0.32b 2. I 3±0.05b 

(90: I 0) 

WF:BR 33 .24±0.69 b 11.66±0.89 ' 2.36±0.04' 2.29±0.04' 3. 11 ±0.06' 

(80:20) 

WF:BR 32.83±0.58 b 12.04 ±0.84 ' 2.61 ±0.06d 2.48±0.02d 3.27±0.008d 

(75:25) 

WFB-( white wheat fl our bread)- control , WF:BR 90:10, 10 % bran supplemented bread ,WF:BR 80:20-
20% bran supplemented bread, WF:BR 75:25 - 25% bran supplemented bread Data are average of 
triplicate ±SE. M ean value with different superscript in the same column are sign ificantly different 
(P<0.05). 

4.1.3 .1Moisture content of bread 

The mean va lues for moi sture contents of the bread samples are presented in Table 4.3 

which ranged from 30.92 to 32.83%. The highest moisture leve l, 32.83%, was found in 
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25% bran supplemented bread. The moisture content of the control bread decreased from 

the three samples bread signifi cantl y (P<0.05). 

4.1.3.2 Protein content of bread 

The stati stical ana lysis for cru de protein is presented in Tab le 4.3. The mean va lue for 

protein content of all the study samples of bread ranged from 9.42 for control to 12.04 for 

WBB (75 :25) . The protein contents for three of the breads (0%, 10%, 20% bran 

supplemented bread) varied signifi cantl y (P<0.05) . However, there was no significant 

difference between 20% and 25 % bran supplemented bread. The result of protein 

contents are in agreement with the findings of Butt et al., (2004) who repOIted an 

increase contents of protein with an increase in bran proportion. 

4.1.3.3. Fat content of bread 

The resu lt of thi s stud y indicate that crude fat showed significant difference (P<0.05) 

among all breads. The fat content increased with an increase in bran level. The hi ghest fat 

content, 2.61 %, is found in 25% bran supplemented bread, whereas, the lowest, 1.56%, 

was found in the control bread, The increase in fat content is because of the germ which 

is grounded along with bran and endosperm during milling, results in bread with hi gher 

fat content than the control bread (Farooq et al., 200 I). 

4.1.3.4. Fiber content of bread 

The mean values of crude fiber contents of different bread samples are given in tab le 4.3. 

The stati stical ana lysis showed signi ficant (P<0.05) effect on the quanti ty of crude fiber. 
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The crude fiber contents ranged from 0.38 % to 3.27 % . The 25% bran supp lemented 

bread exhib ited the highest crude fiber (3.27%), whereas, the contro l bread conta in the 

lowest crude fiber (0.38%). The crude fiber increased with an increase in bran 

supplementation rate. The control showed less fiber contents because the bread was made 

from refined bread with no additon of bran. 

4.1.3.5 Ash content of bread 

Ash is the mineral res idue remaining after a sample has been completely ox id ized in a 

manner such that all organic volatile material is driven off, whi le preventing any mineral 

from being lost (Posner, 2000). Ash varied significantly among all the bread (Tab le 4.3). 

The statist ical ana lys is showed significant (P<0.05) effect on total ash contents. The 

results indicate that ash content ranged from 1.38 to 2.48 %. The highest ash content 

(2.48%) was found in 25% bran supplemented bread, whereas the control showed the 

lowest (1.38%) ash content. The add ition of 10 to 25% wheat bran to the bread increased 

the ash content. 

4.2 Mineral content of wheat and Bread 

4.2. 1 Mineral analysis of wheat 

4.2. 1.1 Iron contents 

The mineral content of the whole and whi te flour samples are shown in Table 4.4. 

Accord ing to the resu lts of this study, the iron content level in hard and soft whole wheat 

flour is significantly different (p<0.05) from hard and soft white wheat flour. The iron 
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content of whole wheat flour ranged from 2.95 to 4. 15 mg/J ~Og where as the iron content 

of the white wheat flour ranged from 2.5 1 to 3.35 mg/IOOg. 

Dewettinck el al. , (2008) reported that the iron content of the whole wheat was (1-5 

mg/ IOOg) wh ich is in agreement wi th the result of thi s stud y. However, the level of iron 

in the white flour decreases significantl y. The milling process removes many important 

nutrients when white flour is produced. The bran and the germ are relatively rich in 

minerals and the milled products contain less of these than the ori ginal gra in. As a result 

of milling the palatability is increased but the nutri tional value of the products is 

decreased (Hoseney, 1992). 

Table.4.4 Mineral composition of whole and refined wheat flour 

Whole and Mineral content mg/IOOg 

refined wheat Iron Zinc Phosphorous 

Sample 

HWF 4.15±0.12c 3.59±0.063" 337.99±0.56" 

HWWF 2.51 ±0. 16 " 1.39± 0.036" I 44.69±0.6 I " 

SWF 3.35±0. 17" 2.47±0.04c 3 13.98± lc 

SWWF 2.95±0.26" 0.58±0.0 In 77.03±0.5 1 a 

HWF- hard whole wheat flour. HWWF- Hard w hite wheat fl our. SWF -soft whole wheat fl our. SWWF­
Soft white wheat nour. Mean value with different superscript in the same col umn are signifi cantly 
different (P<O.05). 

4.2.2.2 Zinc content 

Zinc content varied significantly among all whole wheat and white wheat flour (Table 

4.4). The zinc content of the whole wheat ranged from 3.59 to 2.47 mg/I OOg. However, 

the white flour contained in the range of 0.58 to 1.39 mg/ IOOg. The highest Zn content 
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3.59 mg/IOOg was found in hard who le wheat flour. This study showed that low rate of 

extraction of wheat reduce the zinc content of the wheat signi ficant ly (P<0.05). The hard 

whole wheat flour zinc content was 3.59 mg/ IOO g where as milling reduced the zinc 

content to 1.39 mgl I OOg. Where as incase of soft wheat the decrease was from whole 

wheat to white wheat fl our 2.47 to 0.58 mg/IOOg of zinc respectively. According to 

Lopez et al.,(2003) 80% orthe total amounts of minerals are concentrated in the aleurone 

layer of pericerap (bran) which was removed during milling process while on ly 20% 

mineral s are present in endosperm. 

4.2.2.3 Phosphorous content 

The mean total content of phosphorous on hard who le and so ft whole wheat flour was 

337.99 and 3 13.98 mg/1 OOg respectively however, there was significant decrease of 

phosphorous content (P<0.05 ) on the refined milled product of hard and soft white 

wheat flour which was 144.69 and 77.03 mg/ IOOg respectively. Wheat is one of the 

cereals which is classified as rich sources of phosphorous. The result of the whole wheat 

fl our was in line with the find ing of Dewettinick el ai., (2008) wh ich reported 

phosphorous from 200-1 200 mg/1 OOg. 

4.2.2 Mineral analysis of bread 

4.2.2.1 Iron contents 

The replacement effect of different levels of wheat bran on the mineral content of bread 

is shown in Tab le 4.5. A ll the mean va lue for iron content varied among the bread 

sam ples. Results showed that mineral progress ive ly increased when levels of bran were 
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increased. Contro l contained 1.98 mg/ IOO g iron and at the level of 25% bran 

rep lacement, the va lue increased to 4.84mg/ 100g of iron. The result of th is study was in 

agreement w ith the study of Butt, el al., (2004). 

Table 4.5 Mineral analysis of bread (Dry weight basis) 

Samples Iron mgll OOg Zinc mgll OOg 

Contro l 1.98±0.056 a 0.93±0.064 a 

(WFB) 

WF:BR( 90: 10) 2.34±0. 159" 1.697±0. I 08" 

WF:BR (80:20) 2.95±0.0753c 2.28±0.131 c 

WF:BR (75:25) 4.83±0.074° 2.33±0.066c 

WFB-( white wheat flour bread)- control, WF:BR 90: I 0, 10 % bran supplemented bread , WF:BR 80:20-
20% bran supplemented bread, WF:BR 75 :25 - 25% bran supplemented bread. Data are average of 
triplicate ±SE Mean value with different superscript in the same column are signifi cantly different 
(P<0.05) 

4.2.2_2 Zinc contents 

The replacement effect of different leve ls of wheat bran on the zinc content of bread is 

shown in Tab le 4.5. Results showed that zinc progress ively increased when levels of bran 

were increased. The result ranged from 0.93 to 2.33 mg 1100 g of zinc. The va lue of zinc 

at the bran supp lementati on of between 20 and 25 % was not signifi cantl y d ifferent 

(P>0.05). 

Micronutrient malnutrition great ly increases mortality and morbidity rates, dimini shes 

cogniti ve abilit ies of ch il dren, lowers labor productiv ity and reduces the qua li ty of life fo r 
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all those affected (Welch & Graham 1999). Deficiency of micronutr ients, such as iron 

and zinc, is critica l and major problem 

It could be conc luded that the addition of bran improves the nutritional quality of bread 

and could be a means of provid ing adu lt their daily requ irements of iron and zinc. 

Although supplementation of bran improves the mineral content of the bread due to 

increase of phyti c ac id content, the ava ilability of these minerals may be reduced. 

Therefore, such issues would need further evaluation. 

4.3 Antioxidan t capacity of wheat 

4.3.1. Extraction yield and total phenolic content 

4.3.1.1 Yield of extracts 

The percentage yields of extracts were 7.58 % wlw (Hard refi ned wheat), 8.2% wlw 

(Hard whole flour wheat) and 7.7% wlw (Soft refi ned wheat fl our) and 7.3% wlw (soft 

whole flour wheat). 

Table 4.6. Percent yield and total phenolic content 

Sample Mean ± SEM(mg GAE/g) ± SEM Yield % (g/I OOg) 

I-1W F(whole) ' 7.66 ± 0.70b 8.2 

1-1 WWF(refined) 3.49 ± 0.86" 7.58 

S WWF(refined) 3.34 ± 0. 14" 7.7 

SWF(whole) 8.20 ± 0.35 b 7.3 

HWF- hard whole wheat flou r, HWWF- Hard white wheat fl our(refined), SWF -Soft whole wheat fl our. 
SW WF-Soft. white wheat flour(refined) Data are average of trip licate ±SE. Values in the same column 
w ith diffe rent superscript are statistically sign ifi cant ( p< 0.05). 
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4.3.1.2 Total Phenolic Content 

It has been recognized that the total phenolic content of plant extracts is assoc iated with 

their antioxidant activities due to their redox properties, which allow them to act as 

reducing agents, hydrogen donors and singlet oxygen quenchers. Tota l phenolic content 

(TPC) was expressed as milligrams of Gal ic acid equivalent (GAE) per gram (mg/g) of 

dry flour samples. As shown in tab le 4.6, the total phenolic content (TPC) in whole wheat 

was highest. The TPC of white wheat flours (refined), which ranged from 3.34 to 3.49 

mg GAE/g which were significantl y lower (p<0.005) than those of whole wheat flours 

(range 7.66 to 8.20 mg GAE/g). However, the mean content did not vary much between 

whole hard and soft wheat type. Also there was no signi fi cant variation between soft and 

hard white wheat flour. The difference in the total phenolic content between whole and 

white wheat flour could be due to the process of milling. Research found antiox idants in 

wheat concentrated mostly in the aleurone laye r of bran with some in the pericarp, 

nucellar envelope and germ (Fulcher and Duke, 2002; ZILIC e/ aI. , 2012a). 

4.3.2 DPPH scavenging activity of wheat 

The abi lity of wheat extracts to quench reactive species by hydrogen donat ion was 

measured through the DPPH radical scavenging activity test. The antioxidants can react 

with DPPH, a violet coloured stable free radical , converting it into a ye ll ow coloured a,a­

diphen il-B- picrylh yd razine. The discoloration of the react ion mixture can be quantified 

by measuring the absorbance at 517 nm, which indicates the radical-scavenging abil ity of 
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the antiox idant. The anti ox ida nt capaci ty who le and refined wheat was measured as th e 

DPPH· scavengin g activity. 

T he DPPH radica l scavengin g effects o f wheat methanol extracts was shown in Figure 3. 

As the concentration o f sa mple increased. the percent inhibition of DPPH radical a lso 

increased (Huan g el al .. 2005). At the concentrati on o f 50 mg/mL, the scavengin g effect 

of ascorbic acid. and wheat extracts. on the DPPH radical scavengin g decreased in the 

order of L· ascorbi c acid > so ft who le > hard who le> soft whi te > hard white wheat 

fl our, whi ch were 92 .53, 90.39, 89.89, 75.80. 57.57 % respecti vely. Therefore, the 

percentage o f DPPH radica l scaveng ing capac ity of so ft whole and hard who le wheat 

ex tracts are comparabl e with comme rcia l ant iox idants, L·ascorbic ac id at concentrat ion 

of 50 mg/m L. Thi s suggested that who le wheat contai n co mpou nds that can donate 

e lectron/hyd rogen easil y and stab ilizes fi'ee rad ica ls. 
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Figure 3. DPPH radical scavenging activity (% ) of wheat extracts and standard. 

Va lues are average of tripli cate measurements (mean ± SEM). 
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The IC50 values of all the extracts were ca lculated from plotted graph of percentage 

scavenging activity against concentration of the extracts (Fig .3) The lower the IC50 

value, the hi gher is the scavenging potential. The IC50 values ranged from 10.56 mglmL 

for whole wheat extracts to 41.25 mg/mL for hard white wheat extracts. Strongest 

scavenging activity (lower IC50 values) was recorded for whole hard and soft wheat 

extracts which appeared more than four times stronger than that of hard white flour and 

two times stron ger than that of soft white wheat extracts. IC50 value of ascorbic ac id well 

known antioxidant, was relative ly more pronounced than that of the extracts (figure 3). 

The resu lts of this study demonstrate that the antioxidant content of wheat has been 

affected by the refined extraction/milling process. Accordin g to Fikreyesus el al.,(20 13) 

the DPPH (lC 50) for whole wheat flour is 15.56 which is different form the result 

obtained in thi s research. It is known that the antiox idant properties of wheat grain are 

significantly influenced by the genotype and environmental condit ions (Adom el aI. , 

2003). 

To the best of my knowledge, there are no or few studies conducted on ant iox idant 

content of Ethiopian wheat and particularly on comparison of ant ioxidant content on the 

whole and white wheat flour. 

A relationship between phenoli c content and antioxidant activity was extensively 

in vestigated, and both positive and negative correlations were reported. Bakchiche el al. 

(2013) , Petra el al. (2012) and many other research groups stated that there was a positive 
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corre latio n. However, a few evidences of no significant correlation were confronted 

(Mohammed el at., 2008). In thi s stud y, the dependence of DPPH scavenging act ivity 

(%) in relation to the total phenolic content was also eva luated. The tota l phenolic content 

correlated significantly (Fig 4) with DPPI-I scavenging activity (R2 = 0.637, p < 0.05). 

Thus the phenolics from the wheat extracts showed a good hydrogen-donat ing capacity, 

as well as high reactivity to free rad icals, lead ing to the stabilization and termination of 

the radical cha in reactions. 
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Fig. 4 Correlations between total phenolic content of extracts and DPPH scavenging 

activity of whole and white wheat flour. 

4.4. Sensory analysis of the Bread 

The sensory attri butes of bread made from bran (F ig.5) uSing different rat io were 

eva luated using 7-poi ng hedon ic scale at Add is Ababa Uni vers ity; Cente r for Food 
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Science and Nutrition by se mi-trained pane li sts of first year M.Sc program students of 

Food Science and Nutrit ion stream and the mean scores of eval uated sensory attributes 

were prese nted in Table 4.7 

Fig.S Wheat bran supplemented bread. 

4.4.1 Taste 

Taste is an important parameter when eva luating se nsory attr ibute of food. The product 

with out acceptab le good test is li ke ly to be unacceptable by consumers. The observed 

mean score of taste in expe riential bran supplemented bread ranged from 4.43 to 5.93 

(Tab le 4.7). Contro l (100% white wheat fl our bread) had the highest mean so re in taste 

(5.93) fo ll owed by 10% bra n supp lemented bread (5.93). T he 100% white wheat fl our 

(control) bread had significant difference (p< 0.05) wi th 10% bran (S.26), 20% bran 

bread (4.80) and 25% bran bread (4.43). The contro l bread had signi fica nt difference 

(p<S) from three of the bran supplemented bread (10%. 20%. 25%). The 10% bran 
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supplemented bread scores> 5 indicating that it is moderately likable by panel ists and 

20% and 25% bran supplemented bread were rated as neither li ke nor di slike by the 

panelists (scored as 4.80 and 4.43 respective ly) . This is due to the addit ion of the bran to 

the bread. 

4.4.2 Odour 

The mean score of odour of bread ranged from 4.76 to 5.53 (Table 4.7). Most of the 

samples were si milar in odor while on ly 25% supp lemented bread significantly (P< 0.05) 

decreased. Three of the samples were li ked moderately wh il st the 25 % bran 

sup plemented bread was rated as ne ither like nor d islike. 

Table 4.7 Sensory characteristics of wheat bran supplemented Bread. 

Sample Test Odour Colour Texture Overall 
acceptability 

Control 5.93±0. 14 c 5.53±0.2 1 0 5.93±0.18 c 5.70±0.19 ° 5.93±0. 11 c 

(WFB) 

WF:BR 5.26±0. 16 D 5.43±0. IB 0 5.46±0.1 4 c 5.30±0.13 D 5.43±0.1 5 D 

(90: 10 ) 

WF:BR 4.BO±0.24 b 5.33±0.23 ° 4.76±0.22 ° 4 .60 ±0.20 n 4.96±0.16 ° 
(BO:20) 

WF:BR 4.43±0.30' 4.76±0.22 ' 4. I 3±0.24 a 4.36±0.23 ' 4.50±0.22 ' 
(75:25) 

WFB-( white wheat flour bread)- control, WF:BR 90: I 0, 10 % bran supplemented bread , WF:BR 80:20-
20% bran supplemented bread, WF:BR 75:25 - 25% bran supplemented bread. Data are average of 
triplicate ±SE Mean val ue with diffe rent superscript in the same column are signifi cantl y different 
(P<0.05). 
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4.4.3 Colour 

As is shown in Table 4.7 colour of bread had low score as a result of increas ing the level 

of wheat bran. The colour of control and 10% supp lemented bread were simi lar in 

appearance wh ile 20% and 25% bran supplemented bread were decreased (4 .76 and 4.13) 

significantly (p<0.05). 

4.4.4 Texture 

The results indicated that no significant difference (p>0.05) were observed by panelists 

between the control and 10 % supplemented bread. The texture of the control and 10% 

bran supp lemented bread were relatively most preferred (li ked moderately) by the 

panelists. While the bread prepared from increasing level of bran supplement from 25 % 

were scored as 4.5. 

4.4.5 Overall acceptability 

Generally, among the bread products, the control were highly acceptab le by the pane lists, 

with a sco re of 5.93. Next to thi s the 10 % and 20% bran supplemented bread scored, 

5.43 and 4.96 respective ly. These two are liked moderately. And the resu lt obtained for 

25 % bran supp lemented bread was significantly different from the prev ious two. The 

latter was ne ither like nor di sliked by the paneli sts and it scored 4.5 . In re lation to thi s 

Lazard iou el aI., (2007) reported that those samples were cons idered as acceptable wh ich 

their average score for the overa ll acceptabil ity were greater than 4 wh ich mean neither 

li ke nor di sli ke. 
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CHAPTER FIVE 

5. CONCLUSIONS AND RECOMMENDATIONS 

5.1 Conclnsions 

Wheat and wheat products are important stap le foods that are commonly consumed III 

Ethiopia. Consumption of whole grains as part of the diet is recommended for health 

reasons because they are good source of minerals, fibers, protein and antioxidants. 

There are no studies on the effect of refining on the nutritional content and antioxidant 

capacity of wheat grown in Ethiopia. Therefore, th is study was conducted to evaluate the 

effect of refining on the nutritional content and the antioxidant capacity of two types of 

wheat. The study also attempted to utilize bran which is the milling by product as a value 

added food ingredients to make nutritious bread. 

The study showed that w heat extraction/refining at the lower rate has significantly 

reduces the proximate composition as well as the antioxidant content of wheat in both 

hard and soft wheat samples. 

Addition of wheat bran to w hite wheat flour improves the nutriti onal va lue of the bread. 

Based on obtained results, the incorporation of wheat bran in the ratio of 10 to 20 % 

showed better sensory acceptability though the proximate composition and mineral 

content increased at 25% bran supplimented bread. This indicates that bread of good 
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nutritional and sensory quali ties could be produced from 10 % and 20 % bran 

supplementation. The result of thi s study also indicated that wheat bran as a good source 

of minerals and fibers and can be used to supplement bread. 

5.2 Recommendations 

The following recommendations are made based on the study conducted 

• Whole wheat flour with high extraction rate (100 %) needed to be given high 

emphasis by consumers because of its nutritional and antioxidant capac ity of the 

product. 

• Commerciali zation of wheat bran as a value added food ingredient to benefit from 

its high nutrition content. 

Recommendation for future work 

• Antioxidant properties of wheat are significantly influenced by the genotype and 

environmental conditions therefore the antioxidant capacity of wheat varieties in 

Ethiopia should be studied 

• Study need to be conducted on the pretreatment of wheat bran for to improve the 

physical quality of the product that can be produced form wheat bran. 
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Annexes 

SENSORY EV AL VA nON SCORE SHEET 

Sample Code 

Date __________ _ _ 

Sex ----- -- age ________ _ 

After drinking some water, please taste th e sample and tick the box in the table below to 

indi cate your att itu de about the product. 

Attributes D islike D is like Dislike Nei ther Like like Like 

extremely very much moderately like or moderate ly very ex treme ly 

di slike much 

Test 

Color 

Odor 

Texture • 

Over a ll 

acceptab ili ty 
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0 .9 

0.6 

0. 3 

y = 0 .0085x + 0.06492 

R2 = 0.9 9661 (p < 0.001) 

O .0 i---~----r----r---'r---'----T----~---r--­
o 20 40 60 80 

Concentration (l'g /mL) 

Calic acid calibration curve. 
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