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ABSTRACT 

Imbalanccd product ion and consumption of reactive oxygen spec ies, reading to oxidative 

stress such as cancer, arteriosclerosis neu rodegenerative diseases and ageing processes. The 

protect ive effects of plants have long been attributed to their ant iox idant compounds, such as 

phenolic compounds and flavono ids. The purpose of th is study was comparing antioxidat ive 

potenti"! of methanolic extracts of three tef varieties (white. brown and red tel) and the ir 

injeras (partly fermented and fu ll y fermented) and thei r enriched one with fen ugreek. The 

antioxidant capacities of tef varieties and the ir flat bread, iI?jeras were evaluated by using 

different methods, namely DPPH (2. 2-dipheny l-I-picryl hydrazyl) free radical scavenging 

activ ity, total reduc ing power. IOta I phenol contents and total flavo noid levels. Total phenol 

content (TPC) was determined by using folin-ciocalteau reagent. Total tlavonoid content 

(TFC) was determined by using colorimetric assay method, the absorbance of all parameters 

measured using UV-v iz-spectropholOmetry. The level of Ie 50 values of free radical and total 

reducing power of various tefvarieties varied from 0.6 IlIg/ml to 0.88 mg.1 ml and 2.25 111g111l1 

10 2.5 mg/ml respectively. The results Showed the highest scavenging activities (0.6 mg/ml) 

and reducin g power (2 .25 mglm l ) observed in red tef while the lowest scavenging activities 

and reductive potential potent in white tef ( 0.86 mg/ml) and (2 .5g1mi). Current results of 

lotal phenolic content assay indicate that tota l phellol co ntent was hi ghe r in red tef(II.47 mg 

GAE/g) as compared to brown (9.715 mg GAE/g) and white tef (8.28 mgl GAE/g). In 

addition: total tlavonoids for white, brown and red tef we re 1.03 mg/CE/g. 1.78 mg CE/g and 

2. 13 mg CE/g respective ly. The processing of tef flour ill to partly or fully fermented illjeras 

and their enrichment with fenugree k affect the lef antioxidant levels th: s has imp lications for 

the ir bioactive properties and potenti a l heal th bcnclits. The IC;o - values i'or free radical 

scaveng in g activit ies and reduc ing power of pa rtly fermented, fully fenncnted, cnriched 

partly tcnnented and enriched fully fermented white td' ily'eras were 2.8 111 g11ll1 ; 2.75 Illg/ml. 

3.25 mglml ; 3.3 lng/m!. 2.63 mg/ml; 2.7 mglml ; 3 lll glmi ; 3 mg/m! respectively. Phenolic 

compos iti on in the lef injeras examin cd. The results showed that enriched partly fe rmented 

red tel' illjeras had remarkab le pheno l levds (ur to 9.12 GAE/g). The lotal phenol contents 

lor partly fermented , hilly fermented, and enriched full y fermented red tef injerus we re found 

lO be g.75. 7.36, a nd 8.24 mg GAE/g respectively. In brown I.efinjeras. the highest fla vonoid 

,:Oittcnl was noticed in enriched partly fermented ily'era (1.9 mg eEl g). 
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The lowest content was in brown full y fermented injeras (l.IS mg CEI g) . The flavonoid 

content of brown partly fermented and brown enriched fermented injera were 1.33 mg CEI g 

and 1.264 mg CE/g respecti vely. The analysis of va riance and LSD test done on the tota l 

pheno ls and fl avono ids contents, the result revea led that the phenol and fl avonoid contents of 

three tel' varieties werc significantly affected (P < 0.05) by process ing and vari ety, however 

the ir interact ion was fo und to be insignificance (P>O.OS). In a ll tour tota l antioxidants 

parameters, antioxidant activities of injeras decreased in the order of red tef injeras > brown 

tef il'!ieras > white tef injeras in the same processing conditions. The study showed that partly 

ferme nted tef irljeras had hi gh antioxidant capacity rhan fully fermented tef il'ljeras among 

the. same ref varieties. However, partly fermented tef injeras extracts showed lower 

anti oxidant activities than raw tef flour. The enrichment of tef flo ur with fenugreek flou r at 

the ratio of95 : 5 respectively had high antioxidant leve ls respect to unenriched injeras. 

Key words: [njera, tef, fenugreek. antioxidant activity, DPPH, free rad ical scavenging 

activity. total red ucing power, tota l phenol, total flavonoid , enrichment, 
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1. Introduction 

I.I.Back ground of the study 

Africa is the centre of origin and still today the major produc ing area for several cereal crops, 

notably 'sorghum, pearl mill et, fin ger millet, tef, fo ni o and Atrican rice. These traditional 

~frican cereals are sometimes called "Orphan Crops", or even " Lost Crops" (Nati onal 

research counc il , 1996). This is despite the fact that they arc staple foods for millions of 

people in the semi-arid reg ions of the world, and especia lly pa rticularly those who live by 

subsistence farm ing. 

ret: Erugr6stis tef (Zucc.) Trotter ,is a self-pollinated, an nual, warm season grass that is used 

throughout the world as gra in for human consumpti on and as torage for livestock. The 

amount of tef produced in the world is increasing rapid ly due to the plant's popularity as an 

especially nutritious grain. Tef grai n docs not contai n glutcn and is an increasingly important 

dietary component for ind ividua ls who suffer from gluten intolerance. Tel' is an anc ient gra in 

that was beli eved to have bee n domesticated in Ethi opia betw~en 4000 and 1000 Be. When 

grown as g ~ra ill it is norm a lly ground into flo ur, which is used to make injera, Oat bread 

eaten witH "very meal. It is also used as porridge. s imilar to cream of wheat o r fe nnen:ed and 

used to make an a lcoholic beverage (Ketema, 1997). 

There are thv di ffe rent varieties of tef that vary in color from li ght to dark. The color can be 

ivory. li ght tan to deep brown or dark reddi sh brown purple, dependi ng on the varieties. 

Accord ing to EHNRJ ( 1997) the vari ous types of injera prod uced fro m the d ifferent varieties 

of Id do not have s ignificant varia tion in the ir ca lorie, mo isture; protein, carbohydrate. or 

phosphoru s nutrients. Signifi cant va riati ons are, howe ver, obse rved in the other nurrients. 

There is no wel l establis hed among their antiox idant differe nce. 

Some researchers suggested that fenugreek (Trigone lla foenllmgraecum) could be good 

supplemenr used with tel'. In some regions of Ethiopia, e.g. Welo, women usually prepare 

Injera by adding some fenugreek to tel' flo ur to improve its baking qua li ty. Because of th is, 

Injera is believed to become softer and possess a shiny appearance. Thus, it should he 

encouraged to keep on thi s traditional practice and users be made aware that such practice 

nOI only has the benefit of im prov ing th e baking quali ty of the b !iera but a lso of 

supplement ing its prote in content, espee ially lysi ne (Ketema. 1997). 
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In recent years, nutritionists and the general public have come to regard cereal s as more than 

sources of energy and essential nutrients. Certa in minor components of foods are now 

recognized for their health-promot ing properties, in particular for their roles in preventing or 

a lleviating the effects of some of the chron ic diseases such as cardi ovascu lar disease and 

certa in cancers. T he biologica l activities of many phytochem ica ls are attributed to their 

antioxidant properties (Ke lawa la and Ananthana rayan, 2004). Antioxidant is a molecule 

capable of slowing or preventing the oxidat ion of other molecules. The free radicals produced 

by oxidation reactions start chai n reactions that damage cell s. Antioxidant terminates these 

chain reactions by removing free radical intermediates and inhibits other oxidation reactions 

by being oxidized themselves (Sies, 1997). Antioxidants playa major role in the prevention 

and treatment of a variety of diseases. The proposed mechanism by which antioxidants 

protects cells from oxidative stress is by scavenging free radicals, chelating catalytic metals 

and ha lting lipid per oxidation chain reactions. Ant iox idants are also widely used as 

ingredients in d ietary supplements in the hope of maintain ing health and preventing diseases 

tNikolova el at.. 2007). 

Vegetables and fruits are the most important sources of these antioxidants. However, grains 

have largely bb'en ignored as important contributors of dietary antiox id:l11ts, desp ite the fact 

that they are a"staple dietary component for most of the world's population. Antioxidants 

found in whole gra in foods are polyphenol including phenolic acids and Ilavonoids, which 

are responsib le for the high antioxidant activity (Nahapetian,and Bassiri, 1976). 

Although, lllany studies have been done for their cerea ls antioxidant acti vi t\es in lllany other 

PUltS of the world, very I ittle information is ava ilab le about the ant ioxidant properties of tef. 

A major reason is thar it is under-researched. Thus, the challenge for researcher working on 

Ethiopian tef is to th ink and act smarter; hence, study was undertaken to determine the 

antioxidant content of three tef va rieties (white tef, red tef, and brown te f) and their each 

processed products (Injera) with and without enrichment with fenug reek. 

2 



1.2.Statement of the problem 

Natura l antioxidants have drawn increasing attention in the prevention of various oxidative 

stress associated di seases. Cereals are known to posses ' antiox idant activity. Many of the 

biological functions, such as anti-mutagenicity, anti-carc inogeni c ity, and anti-aging originate 

from antioxidant properties (Cook and Sam man, 1996). Natural antioxidants present in foods 

and other biological material s have attracted considerable interest because of their presumed 

safety and potential nutritional and therapeutic effects. 

Most of the literature on plant antioxidants tocuses mainly on those fruits, vegetables, wines, 

and teas (Pennington. 2002). However, many antioxidants found in fruits and vegetables are 

also detected in cereal gra ins. The different species of grains have a great deal of diversity in 

their germplasm resources, which can be exploited. However, many of these compounds are 

not quantitiable and unidentifiable. Therefore, further research is needed to quantify, iso late 

and characterize the components that contribute to health, which is challenging because many 

of these compounds are bound to the matrix of the cerea ls, making the ir extraction diftlcult 

(Spiller, 2002). 

Obtaining 'antiox idants fi'om cereals have several attractive advantages: Compared to fruits 

and vege tiDies; cereal grains are ( I) dry, (2) easy to store for long periods of time, and (3) 

possibly bsier to process in to shelf-stable concentrates. Cereals can provide viable 

alternativ~s to diversify sources of healthy components in food s (B landino el 01., 2003). 

Identi(ying and quantifying tef antioxidants he lp us to select tef with increased levels of 

health promoting compounds. There has not been well estaulished research for antioxidants 

of Ethiopian lef varieties so research is needed to determine their .stability during processing, 

quantity, characterization and health contribution in hu mans. Within tef varieties, great 

variations in co lours occur among genetic materials and it may provide large q uantitie~ of 

potentia lly health promoting substances. 

As antioxidants are susceptible to oxidation and degradation. exposure to light, oxygen and 

heat, conditions normally present during food processing, influence the propertie~ of 

ant iox idants. so processed foods are mainl y enriched with antioxidant rich tood ing l\~dients to 

cnhanct' the asthe tic nutritional quality and antiox id ant contents. Pl!l ses, spices an(: green 

leaty vegetables wcre added as antioxidant rich lood ingredients in acceptablc plopor!io l" by 

lIsing standard methods of preparation (SIVHlI1inat!ian el 01.. 1981 j: Therefore informalion on 

3 
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the stability of antiox idants during food process ing is important for evaluating th e potential 

health benefits of foods containing phytochemicals. Hence, this study was designed to 

investigate in the antioxidant potential oftef variet ies and their processed products, injeras. 

1.3.0bjectives of the study 

1.3.1. General objective 

The general objective of the study is to evaluate the effect of processing and tef varieties on 

the antiox idant propert ies of Ethiop ian tradi ti onal bread, Injera. 

1.3.2. Specific objectives 

I. To determine the free radical scavengmg activities of tef' varieties and their 

injeras; white, brown and red tef. 

2. To determine the total red ucing power among three tefvarieties and their injeras. 

3. To quantify total phenols from three tef varieties and their processed products, 

injeras (partly and fully fermented). 

4: To quantify the total amounts of flavonoids in three tef varieti es and their injeras. 

5. ' To eva luate the total antioxidant activities (tree radica l scavenging. reducing 

power, total phenols and flavonoid s) of enriched three lef varieties injeras (with 

fenugreek) . 

4 



2. Literature review 

2.1. Plant antioxidants 

Secondary plant metabolites, including antioxidants, are produced by plants to regulate 

Phys iology and patterns of growth (Daniel et 01., 1999). Some help plants deal with 

environmental extremes, deter pest attacks, or respond to damage caused when insects or 

plant pathogens reach damaging levels. Some playa role in repairing inj ured leaf or fruit 

tissue through the formation of pigments. Antioxidant-driven plant defences and wound­

healing processes account for the distinctive and elevating antioxidant levels in tood 

sometimes remarkably rich colour and flavour of certain fruits and vegetables grown in some 

regions. After harvest and during storage cereal s, fruits and vegetables with higher 

antioxidant levels are typically able to more effectively slow the onset and progression of 

post-harvest infections. This property can help extend the shelf life of product and lessen 

mycotox in risks (Dan iel et al. , 1999). Besides, antioxidants are substances produced by plants 

in order to provide protection to their cell s from particularly harmful UV rays and other plant 

pathog n·s. These materials can be usetlll to human beings, since they play similar protective 

function~rin the human body, and thus their consumption may protect the body from harm. 

2.2. Free radicals and antioxidants 

2.2.1. Free radicals 

Free radica ls arc oxygen-based or nitrogen-based molecules with unpaired electrons that are 

generated by a number of metabolic pro~esses within the body. For example, when the body 

turns foods into energy, free radicals are formed by normal oxidation reactions. Vigoro~s 

exercise increases free radical production, as does inflammation, exposure to certain 

chemicals, cigarette smoke, alcohol, air pollutants and high-fat diets (Alarcon-Aguilara el al., 

1998). Bes ides environmental pollutants, radiation, chemical s, toxins, deep fries and spicy 

foods cause the formation of free radicals. Free radical s cause depletion of the imm une 

system. the change in gene expression and induce abnormal proteins_ The oxidation process 

is one of the most important routs tor produc in g tree radical s in food , drugs, and even living 

systems (Pourlllad el 01. , 2006; Dillard e( ai., 2000; Turkoglu et al., 2007l. 
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Figure I. Mi\ior sources of free radi cals In the body and the consequences of fi'ee radical 

damage. 

Accord ing to the Mi tochondrial Free Radical Theory of Ag in g (1999), free radicals are a 

class of molecule with a very simple definition. The nature of atom ic structure and of the 

ccivalent chemica l bond (the features that give an atom its va lency) are fixed by the rule that 

electrons occupy orbital's of atoms, sueh that an orb ita l can ~ontain zero, one or two 

electrons, and that electrons carry less energy when they are one of a pair in an orbital than 

when they are unpaired . A molecule is only a free radical if it possesses one or more unpaired 

electrons. 
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Once free radica ls fo rmed, these highl y react ive rad ica ls can start a chain reaction like 

dominoes. As one free radical interacts with another molecule, in effect stealing part of it, a 

new free radical is created. These reactions often occur in or near cell membranes and can 

erode the ce ll 's internal integrity. Free rad icals contribute to more than one hundred 

di sorders in humans including atherosclerosis, arthriti s, and ischemia and repercuss ion injury 

of many tissues, a centra l nervous system injury, gastrit is and cancer (Pounnad el al. ,2006: 

Wong el al., 2006; Su el al.,2007; Tepc el al. , 2007) . These free radica ls cause DNA damage 

and lipid peroxidation, leadin g to cancerous cells and some targeting mitochondria ins ide 

ce lls, affecting their energy-produc ing capability so ce lls may function poorly or die if this 

occurs (Fennema, 1996). 

+11 
';") nee Rlldic«J Cell 

Figure 2. Ce ll damage by free radical s (Source: Simone, 1992) 

Within the human body, mi llions of processes are occurring at all times. These processes 

require oxygen. Unfortunate ly, that same li fe giving oxygen can create harmful side effects, 

or oxidaJ~ t substances, which cause cell damage and lead to chronic disease. Oxygen is a 

highly reactive molecule that damages liv ing orga nisms by producing reactive oxygen 

species (Davies, 1995). 

Reactive oxygcn species encompass both truc free radicals and mc.lecu les with paired 

e lectrons like hydrogen peroxide. Other important react ive oxygen species include singlet 

oxygen and supcroxide anion s, hydroxyl, and peroxyl radicals. Free radical s and reactive 

oxygen species cause ce ll damage, trigger intlammation, and promote ab normal cell gro'Wths, 

inc luding many kinds of cancer. Antiox idants help prevent ti ssue damage by combining with 

free radichls and ncutra lizing them (Apel and Hirl. 2004). 
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Organisms have to counteract these negative effects of fi'ee rad icals by d iverse effective 

enzymatic and nonenzymatic mechani sms (A pel and Hirt, 2004). Several enzymes like 

superoxide dismutase, cata lase perox idase are ab le to scavenge ROS (Blokh ina el ai., 2003). 

Trace-elements, such as se lenium zi nc, copper and manga nese play an important catalytic 

role for the enzymatic act ivity. Ca rotenoids and fatty acids are two examples for non­

enzymatic classes of substances wh ich are ab le to protect the organism from oxidative 

damage (Sies and Stahl, 1995). Tocopherol, flavonoids, phenolics, tannin and alkaloids are 

other examples for substances belonging to thi s group of non-enzymatic substances. 

2.2.2. Antioxidants 

In recent years, food scienti sts and nutritionists and the general publi c have come to regard 

foods as more than sources of energy and essential nutrients. Certain minor components of 

foods are now recognized fo r their health-promoting properties, in particular for the ir roles in 

preventing or alleviating the etTects of some of the chron ic diseases such as cardiovascular 

disease and certain cancers. The bio logical activities of many phytochemicals are attributed 

to thefFantioxidant properties. Plant-based foods contain antioxidanrs. which complement the 

antiu,'ldants produced by the body. When ingested, some portion of plant antioxidants is 

abso i'~ed in the gut lining and enters the bloudstream (AliS and Holllllan. 2005). 

Antioxidants are molec ules which can safe ly interact with free radicals and terminate the 

chain reaction before vital molecules are damaged . Although there are several enzyme 

systems with in the body that scavenge free radicals, antioxidants play great role ill oxidation 

termination. The body cannot manufacture phytochemica ls which scavenge free radicals frolll 

the body so they must be supp li ed in the diet li ke from fruits, vegetables and cerea ls (S ies el 

at .. 1996). 

Several classes of \Oompounds that occur in plant foods may have antiox idan t properties in the 

body. These im: lude vitam in E. vitamin C, iignans. ca rotenoids, flavonoids and phenol ic 

compounds and other pigments. Evidence for im pOltant ro les of vitamin E and C is strong, 

whereas the rok , of other c lasses of antioxidants are still b<!ing elucidated . Vege tables and 

fruits are the most important sources of these ant iox idants. However, gra ins have largely been 

ignored as important contributors of dietary antioxidants, despite the fact that they are a 

staple. dieta ry component for most of the world's population. Antioxidants found in whole 



grain foods are minerals (Ca, Mg, K, P, Na and Fe) and phytochemicals (phytates and 

phenolic compounds, flavonoids), which are responsible for the high antioxidant activity of 

whole grain foods (Nahapetian and Bassir i, 1976). 

A sufficient ingestion of natural antioxidants in food has great consequence for the defence of 

macromolecu les aga inst oxidative damage. According to Gorinste in (2007) the cells most 

·frequentl y damaged by oxidative stress are un saturated fatty acids in lipids, cho lesterol, 

different funct ional polypeptides and proteins, and nucle ic acids. Mechanisms of antioxidants 

consist of free radical quenching, transition metal chelating, reducing peroxide, and 

simulation of in vivo antioxidative enzyme activities. In living systems, the antioxidants may 

elevate the levels of endogenous defences. The action of antioxidants in foods and biological 

systems is reliant on the systems ' composition, interfacial phenomena, and partitioning 

properties of the antioxidants between li pid and aqueous phases (Anderson, 2009). 

2.2.2. l.Natural and syn thctic antioxidants 

Generally, antioxidants can be classi fi ed as natural and synthetic antioxidants. Based on their 

functions, antioxidants are further classified as primary or chain breaking antioxidants and 

synergists 01' ~econdary antioxidants. Antiox idants conta ining a phenol group play a 

prominent ro le in biological and food system (Khos la, 1995). 

Syntheti c antioxiants such as butylated hydroxy toluene (B I-IT) and butylated hydroxyani sole 

(BI-IA), and natural antioxidants such as phenolics, flavonoids, tan!1in, tocopherol and 

ascorbic acid, are widely used in food ind ustries duc 10 their protecting ab ility against 

ox idation-reduction reacti ons (Roberto et aI. , 2000) . It is known that OHT and BI-IA retard 

I ipid oxidation, however, due to increasing consumer awareness of hea lth aspects; their used 

is slowly rep laced by alternative antiox idants, which are without toxic effect. Recently, there 

is growi ng interest in the use of natural ant ioxidant in food products. Natural antioxidants are 

perce ived as safe, less toxic and benefi cial for human health ; however it is very expensive 

fo nd not widely commercia lized. Sources of natural antioxidants a re spices and herbs, and 

such mater ia ls have been used throughout hi story for navou rin g and preserva ti ve agent 

(Kikuza ki and Nakatan i, J 993) . 
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Results of tox ico log ical and nutri tiona l studies which link some synthetic antiox idants to 

cancer and other diseases have forced regulatory agenc ies to im pose severe restrictions on 

their use in human foods. Consumer preference al so had led to increased interest in natural 

antioxidants by food manufacturers. The growing interest in the substitution of synthetic food 

antioxidants by natural one has fostered research on whole grain for identifying new 

antioxidants. Studi es re lated to natural antiox idant compounds of cereals varieties and their 

products and the effect of en richment with natura l anti oxidants to elevate their own 

antiox idants levels should be promoted (Mirald and Mosiaghimi , 2001). 
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2.3,Antioxidants capacity llssay 

Ant ioxidants are present in plants at concentra tions up to severa l grams per kilogram (Daniel 

el ai" 1999), In general, levels are higher in the rinds and skins of produce compared to the 

inside of fru its o r seeds. A number of chem ical assays have b" cn developed to measure 

differen.t antioxidants. Others are designed to measure IOta I antioxidalll capacity, or TAe. In 

vitro assays .are. designed to test antioxidant levels in foods, 
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The measurement of antioxidants is comp li cated because the biochemistry of antioxidants is 

so complex. Plants have multiple mechanisms to produce and metabolize ant ioxidants, just as 

mammals do. The diversity of polyphenolic secondary plant metabolites reflects the many 

differences in the carbon skeletal structure of phenolic molecules, as well as differences in 

their ox idative state (Anto lovic et al., 2002). In addition, antioxidants in foods and in people 

are continuously changing form and even function as a resu lt of glycosylation (reactions with 

sugar molecules), hydroxylation of aromatic phenolic rings, through polyme:'ization, and as a 

result of the biosynthesis of various stereoisomers. 

Most natural ant ioxidants are multifunctional in complex heterogeneous foods; their act ivity 

cannot be assessed by anyone method (Amarowicz et ai. , 2004) . No single assay wi ll 

accurately reflect a ll of the radical fo undations or all alllioxidants in a mixed or complex 

system, and it must be appreciated at the outset that there are no si mple universal methods by 

which antioxidant capacity can be measured accurately and quantitatively also too many 

analytical methods resu lt in inconsistent results, inappropriate app lication a,nd interpretation 

of assays. and improper spec ifications of antioxidant capacities. 

There i~ increasing interest in the use and measurement of antioxidant capacity in the food, 

pharma cutica l, and cosmetic industries. Much of th is illlerest is derived from the increasing 

evidenc ' of the impOltance of reactive oxygen/nitrogen species (ROS/RON) in aging and 

pathogenesis (Brand-Williams el al., 1995). For foods the ideal antioxidant eva luation 

method should be conducted under the chemica l, physica l, and environmental conditions 

expected in food systems in order to accu rate ly cva luate ant ioxidant potential. However, in 

food products, these conditions vary widely so individual eva lu at ion methods are needed 

(Decker el ai., 2005). Many simplisti c one dimensional method that use a broad range of 

conditions, ox idants and methods to measure end points of oxidation have been developed tn 

measure the free radical scavenging or "anti radical" abi lity of ant ioxidants (Frankel, 2005; 

Brand-Wi lliams e l al., 1995). 

Alitioxidant capac ity assays can generall y be classilkd into two types: hyd rogen atom 

Iransier (HAT) reacti ons or electron transfer (ET) assays . HAT assays, such as Jxygen 

rad ica l absorballce . capac ity (ORAC) and total radical trap~in g antioxidant parameter 

(TRAP), apply a competiti ve reaction scheme where antiox idant and substrate comrJete for 

the nn nily generated peroxyl radical s through the decompos itioll of azo compounds. 
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ET assays involve two components in the reaction mixture : the antioxidant and the oxidant 

(which is the probe). The probe will abstract an electron from the antioxidant causing a color 

change of the probe. The colour change is used to monitor the reaction and works as an 

indicator of the reaction endpoint. Trolox equivalence antioxidant capacity (TEAC), ferric 
• ion reducing ant ioxidant power (FRAP) and 2,2-d iphenyl-l-picrylhydrazyl (DPPHo) are 

examples of ET assays (H uang el al., 2005; Frankel, 2007; Sanchez-Moreno, 2002). 

Oxygen radical absorbance capacity (ORAC) assay measures the ability of antioxidants to 

scavenge peroxyl radicals (Kuti and Konuru, 2004). Cao el a/ .. ( \ 993) developed the method 

which measures antiox idant scavenging activity against peroxyl radical production induced 

by 2,2'-azobis(2-amidinopropane) dihydrochloridc (AAPH) at 37°C (Ou el ai. , 2001). 

Various probes can be utilized as the fluorescent probe including phycoerythrin and 

fluorescein . The loss of fluorescence of the probe is an indication of the extent of damage 

from its reaction with the peroxyl radical. The protective effect of an antioxida nt is measured 

by calculating the area under the time recorded fluorescence decay curve and the antioxidant 

capacity is expressed as fUTIoles ofTrolox equivalents (Ou el a/., 200 1; Frankel, 2007; Huang 

el al .. 2005) . 
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2.4.Antioxidants in Cereals 

Health aspects of grains have long been known. In the 4th century B.C Hippocrates, the 

father of ,medicine, recogn ized the health benefits of who le gra in bread. Physicians and 

scienti sts in the early J 800s to mid J 900s recommended whole gra ins to prevent constipation 

and chron ic diseases. The ' fibre hypothes is', publi shed in the early 1970s, suggested that 

who le foods, such as who le grains, fruits and vegetab les prov ide fibre , a long with the other 

constituents that have health benefits (Spi ller, 2002). 

Historica lly, Africa 's indigenous cerea l grains have been a major food for humans and other 

animal s and as constituents of nutritional and technologica l impOitance, cereal nutritional 

constituents have be~n studied extensively. Cereal grains varieties conta in high levels of 

antiox idan t compounds (Harborne, 1980) . Most of the literatures on plants phytochemicals 

focu s mainly on those in fruits, vegetables, wines and teas however; many antioxidant 

compounds in fruits and vegetables (i.e., phenolic acids and flavonoids) are also reported in 

cereals. 

All plant-de rl"cd foods contain phytoci1emicals such as polyphcnols wh ich affect their 

organoleptic bli:d 'nutr it ional propertie~. Awareness oflhei r importa nce in human nutrition has 

been aroused because of the ir potential beneficial effects on human health (A nderso el 01., 

2009), l'hytochemicals represent a heterogeneous group of substances inc luding 

glucosinolates. the wide group of polyphenols and carotenoids. Benzoic and c innamic acids­

derivatives are the two main groups of phenolic acids present in cerea l. Polyphenols in 

cereal s have been receiv ing considerable attention largely because of their adverse intl uencc 

on co lou r, flavour, anti ox idants and nutritional quality. 

A w,de range of factors can influence the mi x of an ti ox idants that a plant manufacruJ'(:s, as 

we ll as the leve ls the plant produces at any given po int. These factors inc lud~ so il type and 

chemistry, ava ilab le nitrogen and levels of other plant nutrien ts, moisture lel'e ls, temperature, 

and pest pressure (B randt el 01., 2002; Dan iel el 01. , 1999; Romero et a i. , 2004; Wang el ai. , 

2000: Wang " I 01., 2002). In general , nlctor> that impose stress on plants tend to tr igger a 

plant' s innate defence mechani sms and these mechanisms are driven by and/or entail the 

synthesb of' amioxidants, 
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2.4.1. Total antioxidants in cereals 

Sripriya et al. ( 1996) studied the free radical quenching action of finger millet on I, 1-

diphenyl-2-picry lhydrazy l and hydroxyl radica ls by electron spin resonance spectrometry. 

DPPH radica l quenching with 50 ml of the extracts showed that the brown finger millet 

quenched 94 per cent whereas ihe wh ite finger mi llet quenched on ly 4 per cent. The phenolic 

content of brown finger millet was 96 per cent highcr than the white variety. Process ing of 

the brown finger millet by germ ination andlor fermcntation decreased th0 quenching activ ity. 

In comparison, foxtail millet, pearl millet and sorghum. quenchcd 91, 59 and 52 per cent 

respecti ve ly, while wheat, rice (dehusked) and rice husk quenched 18, 1.8 and 20 per cent 

respectivdy. Brown finger millet also quenched 77 per cent of hydroxyl radicals. 

Zielinski and Kozlowska (2000) exam ined the antioxidant properties of water and 80 per cent 

methanolic extracts of cereal grains and thei r different morphological fractions. Wheat 

(Triticum aestivlIlII L.) cv. Alma ri and cv. Hen ika. barley (Hordeum vulgare L.) cv. Gregor 

and cv . Mobek, rye (Secale cereale L.), cv . Dankowskie zlote, oat (Avena sativa L.) cv, 

Slawko and buck wheat (Fagopyrul11 esculel1lutil Moench) cv, Kora were used . Among the 

water exU'acts, only the buckwheat exh ibited antioxidant activity at the concentration 

analysed , The antioxidant activity fo r 80 percent methanolic extracts tor whole grains was in 

the tollowing order buckwheat > barley> oat > wheat> rye. 

Qin Liu and Yang Q iu (20 10) determined the extracts from six wheat varieties (three purple, 

one ye ll ow. two red, and one white) were evaluated and compared fix their antioxidant 

capacities aga inst oxygen radical and 2,2-diphenyJ-I-picrylhydrazyl (DPPH) radical. 

Phenolic composition in the extracts was examined by high-performance liquid 

chromatography and mass spectrometry, The resu lts showed that Charcoal purple wheat had 

remarkable antk,xidant activity (up to 6899 [1111011100 g) fo ll owed by Red r ife wheat and 

ye! low Luteus wheat. White AC Vista wheat, due to its lowest phenolic content, exhibited the 

weakest 3ntioxidant property. 

Velioglu (1998) determ ined the an tioxidant acti vities and tota l phenolics o f 28 plan t prod ucts, 

including sunllower seeds, flaxseeds, wheat germ, bue·:; wheat 2nd sc ','cral fhlit s, vegetab le 

and medic ina l plants. T he tota l pheno lic content. varied fmm 169 to 10.i48 Il1g1 100 g of dry 

product. Antioxidalll activity of methano l ic extract ranged frolll 0.05 , 53.7, 0.009 and 5.17 to 
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0.26, 99.1 , 0.46 and 969.3, respectively. The corre lation coefficient between total phenol ics 

and antioxidative activ ities was statistica lly s igni ficant. 

Wong e/ al., (2006) evaluated the total antioxidant activity of selected natural food materi als 

like ragi, amaranth, wheat, sesame seed and fl ax seed. Rag i showed greater antiox idant 

activity with least percentage li pid peroxidation when compared to other plant material. 

Table I. Total antioxidants activity (ASTS) of some selected cerea ls 

Antioxida nts activity (ABTS) levels of cereal grains 

Black sorghum 

Red sorghum 

Millets brown tef 

Red corn 

Blue corn 

Black barley 

White corn 

Ye llow corn 

Source: Guajardo-F lores el al. , 2006 

u mol T rolox equiv. 

75 

60 

40 

25 

25 

37 

20 

18 

Brunswick lalJi)ratories (2006) determined ant ioxidant capacities of different cerea ls 

incl uding tw ' ef 'varieties by adding the sample to the peroxy l radical generator, 2,2 '­

azob is(2-amidlllOpropane) dihyd rochloridc (AAPH) and inhibition of the free rad ical action 

is measured using the fluorescent compound and the values were showed that ivory tef had 

more anti ox idants activities than brown tef. 

Table 2. Oxygen radical absorbance of some se lected cereals 

Whole grain type 

Sorghum whole flour 

Quinoa seed, white 

Quinoa seed , black 

Quinoa seed, red 

TelTwhole flour, ivory 

Teff whole fl our, brown 

Amaranth seed, whi le 

ORAC, umole TE/lOOg (hydrophilic) 

1800 

3200 

4800 

3900 

3600 

3400 

900 

Source: Brunswick laboratories. Norton, MA (2106) 
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In vitro ant ioxidant activity levels of a wide . array of cereal grains, different antioxidant 

capacity assay were used. In general, tannin-containing grains (like Sorghum and rice) and 

pigmented cerea l grain s had the highest leve ls of pheno ls and antioxidant activity in each 

gra in category. Tannin sorgh ums and black rice had the highest levels of phenols and 

antioxidant activ ity whereas none pigme nted cerea ls (i.e. rice, wheat, al,d waxy barley) had 

the lowest levels. These results suggest that condensed tan nins and pigment-contributing 

compounds such as the anthocyan ins increase phenols and antioxidants activity. In vitro 

methods used to measure antioxidant act ivity (ABTS, DPPI-I , total red ucing power and 

ORAC) do not give information about the bioava il abi lity or metabolism of these compounds 

in bio logical systems. How-ever, these methods are usefu l to screen and compare antioxidant 

activity levds among a wide variety of samples. 

2.4.2. Phenolics compounds 

Phenolic compounds (phenolics) in cereal grains encompass a diverse group of secondary 

plant metabo lites and primarily located in the gra in outer layers. The general definition of a 

phenolic con1pound is any compound eonta in ing a benzene ring or derivat ives of benzoic or 

ci nnamic aoids. They contain hydroxyl or methoxyl groups substituted at various positions OJ} 

the aromatic r ing (Hahn e l al., 1984). Phenol ic compounds can be conveniently div ided imo 

three broad groups, phenol ic ac ids, fla vanoids, and po lymeric f1avanols indudi ng condensed 

tannins (Harborne. 1980). 

They nre b,outlly distributed in the plant kingdom and are the most abundant secondary 

IIlcttlbol ites of plants, with more than 8,000 phenol ic structu res currently known. ranging 

from simple molecules such as phenol ic ac ids to highly po lymerized s ubslance~ sllch as 

tannins. Plant phenolics are generally involved in defence against ultraviolet radiation or 

aggression by pathogens, paras ites und predators. as we ll as contributing to plants ' colors. 

They are II biquitous in a ll plant organs and a re therefore an integra l part of the human diet. 

Phenolics are widespread constituents 01' plant foods (lhlits, vegetab les, cereals. olive, 

legul1l es, chocolate, elc.) and beverages (lea, coffee. beer. wine, l'IC.). ani partially 

respons ible , fq r the overall organolept ic properties of pl ant foods. For e~:anip le. phenol ics 

contri bu t,: to th e bitterness and astrin gency in food s bec~u se of the intera~lion belween 

pheno lics, lIl ~ in ly procyanid in , and the glycoprotein in saliva (Harllorne, 1980). 
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Agronomica lly, the presence of phenolic~ is associated with dim inished pre-harvest losses 

due to bird predation and post-harvest losses due to storage pests. However, tannins bind 

proteins, carbohydrates and minerals, thereby affecting the nutritional and functional value of 

the bound constituents. Phenolics may also impart undesirab le colours in grain products 

during f'Jod process ing. Recent invest igations using sorghum grains have focused on 

examining the types and levels of phenolic compounds as constituents that adversely affect 

nutritiona l and sensory qua li ty of food (Cote lie, 2001). 

The antioxidant act ivity of phenoli cs is mainly due to their redox properties, which allow 

them to act as reducing agents, hydrogen donators, and sing let oxygen quenchers. In addition, 

they have a metal chelating potential (R ice-Evans el al., 1995). The phenolic compounds are 

increasingly of interest in the food industry because they retard oxidative degradation of 

lipids an~ thereby improve the quality and nutrit ional value of food (Kahkonen el al., 1999). 

The imporlance of natural phenolic compounds from plants materials is also raising interest 

among scienti sts, food manufacturers, and consumers due to functional food with specific 

health effects (Loliger, 1991). The tota l phenolics content and antioxidant activity of cereals 

are significantly corre lated. 

Regard ing tim 'tionality as health ingredients, the favourable redox potential s and the relatiw 

stability of their phenoxy l radical make phenolics good candidates as antioxidants (S imic and 

Jovanovic. 1994). Phenolic acids found in cereal grain s are antioxidants in vi tro (Thompson, 

1993) wh il e many natura lly occurring simple phenolics scavenge radicals as effectively as 

vitamins A and E when tested in vitro, more complex pheno lics such as free- or protein­

complexed pcoanthocyanidins seem to be most effective (Hagerman el al., 1998). It is of some 

interest thcll that the proanthocyanidins found in barley exhibit antioxidant activity 

(Tamagawa el al. , 1999). Recently it has been suggested that proantho';yanidin dimers ann 

trimers cou ld be absorbed in vivo (Deprez, 200 I). However, (here is still a paucity of studies 

on (he bioav"ilabi lity and metaboli sms of phenolics. 

Desp ite their wide di stribution, the heal th efiects of d ietary pheno lic compounds have come 

to the attention of nutritionists only in recent years. Researchers and food manufacturers have 

b"coll1e more interested in phenols due to their potent anti ox idant propclties, their abundance 

in th e diet, and the ir c redibl e effects in the prevention of various oxidat ive stress associuted 

diseases (Mannch e l al .. 2004). The preventive efiects of these second plalll metabolites in 
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terms or cardiovascular, neu rodegenerative di seases and cancer are deduced from 

ep idemiologic data as we ll as in vitro and in vivo (Rasmussen et a i. , 2005; Arts et a i. , 2005; 

Hertog et a i. , 1994; Cole et a i. , 2005) and result in respective nu triti onal recommendations. 

Furthermore, phenolics were found to modulate the acti vity of a wide range of enzyme and 

cell receptors. In thi s way, in addition to having antioxidant properties, polyphenols have 

several other specific biological actions in preventing and or treating diseases. 

2.4.2.1. Phenolics as Free Rad ical Scavengers 

Phenolic compounds (POH) act as free radical acceptors and chain breakers. They interfere 

with the oxidation of lipids and other molecules by rapid donation of a hydrogen atom to 

radicals (R): 

R + POH ~ RH + PO (I) 

The phenoxy radical intermediates (PO· ) are relatively stable due to resonance and therefore 

a new chain reaction is not easi ly in itiated . Moreover, the phenoxy radical interm ediates a lso 

act as terminators of propagation route by reacting with other free radica ls: 

PO + R --> POR (2) 

Phenolic compounds possess idea l structure chemistry for free radical scavenging activities 

because Ihey have: (I ) pheno lic hydroxyl groups that are prone to donate a hydrogen atom or 

an e lectron to a free radica l; (2) extended cOI~ugated aromatic system to delocalize an 

unpaired' e lectron. Several re lationships between structu re and red uction potential have been 

establi shed (Cotelle. 2001). 

2.4.2.2. Phenolics characterization 

Phenolic acids can be divided into two classes: derivatives of benzo ic acid such as gallic acid. 

<I ud deri vatives of ci:lI1amic ac id such as coull1 aric, catl"e ic and {crul,c acid. Ca l'leic acid is the 

most abundant phenolic ac id in many li'uit" and "egetables, most often esteriti ed with qui nic 

acid as in chiorogen ic ac id, whi ch is the major phenolic comp,lund in coflec. Another 

common phenolic acid is feruii c ac id, which is present ill cereals and is esteritied to 

hemicelluloses in the cell wall (D'Archivio et ai., 2007) . Waniska et al., (1989) idcntilied 

feruli c. cOllmaric, c innamic and gentestic acids as the major phenolic ac ids in pseudo cereals. 
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The two phenolics classes ' are: 

Benzoic Acid Derivatives 

Protocatechuic acid 

Gall ic acid 

Cinnamic Acid Derivatives 

Coumaric ac id 

Caffeic acid 

Feruli c ac id 

J:lenzoir acid rleriY,ltins ' prolOca k Chtl1c' RI;H. K2=K3 =OH: Gallic : 
R I=R2=R3=OH: p-hY<lroxybenzo ic: R l=H. Rl=OH. R3 ; H: v"Bi llie' Rl ; H, Rl=OH. 
R3= OCH l 

Figure 5. Benzoic acid derivatives structure 

. ~t\ 
r..... .-;::-

R l R 
.' R I , 

C illll'llUic ,lrid dcrinltins: p -coulllar ic : Rl;H. R2;OH. R3=H: t"erul ic : Rl ; OCH). 
R~;OH . R3;H . sllwpic ' R I; OCH J. R2=OH . R3 ; OCHJ: ca ft;' ic : Rl;R2; OH. R3;H 

Figu re 6. C inna mic ac id derivatives structure 

Source: Yu el 01. (200 I) 

Sorghum phenolic ac ids include hydroxybenzoic (mainly protoca techuic and p­

hydroxyi;cnzoic acid) and hydroxycinnamic acids (ma inly fe rulic and p-coumaric acid) both 

free and bound as esters. Most of them arc found in usual lager beer~, issued ei the r fro m 

barley malt or frolll hop (Yu el 01. , 200 1). 

Ferulic ac id is the most common pheno lic acid in cereal grains, which account for most 

dietary intake of the phenolic ac id and as much as 90 percent of total polyphe nol content of 

wheat (Manae h ,,( 01. , 2004) . Wheat bran is a particular rich source o f jerulie ae id (Scalbert 
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and Williamson, 2000), where it is found mostly in the outer parts of the grain. Hence, ferulic 

acid leve ls are far lower in baked foods derived from hi ghl y processed flour. The health . 

benefits of wheat germ and bran are likely in part due to their relative ly hi gh concentrations 

of feru lic acid. 

Barley contains 0.2 to 0.4% pheno li cs by we ight of gra in (Bende l ow and LaBerge, 1979). 

Pheno lic acids in ba rley grai n include benzoic acid (p-hyd roxybenzoic acid. vanillic, and 

protocatechuic acids) and cinnamic acid derivatives (caffeic, coumaric, ferul ic, and 

chlorogenic acids) (Y u, et al. , 200 1). Simple flavanoids (monomers, dimers and trimers) 

based on catechi n and gallocatechin units account for 58-68% of the total phenolics 

(McMurrough el al .. 1983) . 

Dyke and Rooney (2006) found a new group of phenol ic acids in aqueous a lcoholic extracts 

of both oat groats and hull s. These acids occurred as conjugates covalently linked to the 

amine func tion of several different onho-aminobenzoic acids. One of the conjugates was a 

place yellow crystalline so lid w ith a molecul ar weight of 325 (C ,sH,sNOs). Two addi tional 

derivati ves of avena lu rnic acid were al so detected the 3' -hydroxy and 3' -l11ethoxy analogues. 

These a'd·id. wh ich are the ethylenic homolgues of the well known p-coumar ic, feru lic and 

calleic aoids may be widely distributed in cereal grains. 

Fabjan ef al., (2003) isolated two avenanthramides be longing to a group of about 40 

cinnamoylanthranilic ac id derivatives in oat grains N-(4'-hydroxy-methoxy-(E)-c ionamoyt)-

5- hydroxyanth ranilic acid (A I) and N-( 4 ' -hydroxy-3 ' -methoxy-(CE)-cinnamoyl)-5-hydroxy-

4- methoxyanthran il ic acid (A2) . A I had - 20 per cent of the activity exerted by ~-tocophero l 

and A2 had - 60 per cent. A I was preferentia lly located in the outer part of the gram. 

Peterson and Qureshi ( 1993) analyzed fo r IOcols in 12 oat and 30 barley genotypes each from 

three locat ions. Significant genotype d iffe rences ex isted for 1110st tocols of both spec ies. Tuta l 

lOCO I concentrat ions fo r genotypes ranged from 19 to 30 mg kg-I for oats and 42 to SO mg 

kg" for ba rley. Location differences were significant for oals but not for barley. a - tocotri enol 

and a -tocopherol were the predominant toco l isomers in both spec ies. 
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Watanabe (1999) iso lated three antioxidative phenolic compounds, one serotonin derivative 

and two flavonoids, from an ethano l extract of Japanese barnyard mi llet. Their structures 

were estab li shed to be N-(p-coumaroyl) seroton in, luteo lin and tri cin . N-(pcoumaroyl)­

serotonin exhibited a strong antiox idant acti vity almost eq uivalent to that of butylated 

hydroxyl aniso le at the same concentrat ion. Although the antiox idant acti vity of luteolin was 

lower than that of N-(p-coumaroyl) serotonin, it was nearly equal to that of querceti n. 

whereas as the activity oftric in was lower than that of luteol in . 

2.4.2.3.Phenol levels ill ce reli is 

In the last decade a num ber of publi cations have been published in which antioxidant 

~apacity of plant material, so as antioxidant characteristics of phenol compounds are tested, 

through different methods (Vel ioglu et al. , 1998; Miller el aI., 2000; Halvorsen et af" 2002; 

Javanmardi et aI. , 2003). Because of this it is difficu lt to compare final resu lts, even though 

they are the same plant species. Conducted research shows that values of total phenolic 

~umpounds in buckwheat, rye, oats. barley. corn, wheat, and rice extracts vary from 2.95-

20,35 mg GAIL of extracts on 20°e. Higher temperalUres (40°C) affects the better extraction 

of total phenols and g iven values are in average 4, 29-30. 65 mg GAIL. The highest 

concentratiod 'IS measured in buckwheat extract. fo llowed by rye, oats, barley. corn, wheat, 

and nee, resp~ctively . 

, 
The research of total phenols in earlier published papers diffcrs in preparat ion meth od of 

samples (so lvent selection, extraction time and temperature). The linal values vary. However, 

if we compare val ues of total pheno lic COmP?llllds in buckwheat, rye, oats, barley, corn, 

wheat. and rice, it can be concluded that content of total phenols in rice is the smallest. 

Brown rice is richer in phenols than white rice. It has been determ ined that buckwheat has 

very good antioxidant characteri stics (Zie linski and Kozlowska, 2000; Adom and Liu, 2002). 

As Guajardo el (fl. (2006) have shown foxtail millet contained more phenolic acids over 

brown millet tef. 
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Table 3. Phenolic acid content in some cereal gra ins 

Sample 

Whole grains 

Barley 

Finger mi llet 

Foxtail millet 

Maize 

Oat 

Pearl mi lIet 

Rice 

Rye 

Sorghum 

Wheat 

Amount (ug/g) 

450 - 1346 

6 12 

3907 

60 1 

472 

1478 

197 - 376 

1362 - 1366 

385 - 746 

1342 

Source: (Dyke and Rooney, 2006) 

The same varieties of different genes of cereals produce different antioxidams levels. As 

table I Suggest that the more the cereals have co lour seeds, lile more the phenol content but 

not alw Ys . The foll owing table lists some total phenol level of cereals among the same 

specIes. 

Table 4. Total Phenol leve ls of cereal among the sam e varieties. 

r ercals I Phenol ' --I Ccrclli 
-~---.--

Phenol (mg Cerea ls Phenolic 

gallic acid (mg gallic II compounds 
I 
I 

cquh'.!g) acid I Brow" <or ? 

I equiv./g) 
Redtd ? 

Black sorgh um 5 Black rice II 

Red sorghum 4.5 Red rice 6 I White tef I ? 

White Sorghum 1.9 White rice 
1
08 I I --

I 

Purple wheat 2 .2 I Yellow corn 2 
~. 

Red wheat , 
Red corn 2 .5 ~ 

White wheat 1.2 White corn I 2.2 i 
---..J 

Source: - Guajardo-Flores el al. (2006). 
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2.4.3. Flavonoids 

Flavonoids are a diverse group of chemica ls fo und in a ll plants. About 4000 phytochemicals 

belong to th e flavono ids group. They are most commonly known fo r their antioxidant 

activity. Flavono ids a re al so commonly referred to as bioflavono ids in the med ia - the terms 

are eq uivalent and interchangeable, for flavono ids that are biologica l in ori gin (Paskoa, 

2009). 

Flavonoids are natural substances with variab le po lyphenolic structures, compounds 

possess ing 15 carbon atoms; two benzene rin gs joined by a linear three carbon chain. The 

tlavonoids skeletons a re characterized by its (C6-C3-C6) to be differentiated accord ing to the 

saturation level and open ing of central pyran ring into 6 different subgroups (Yao et ui., 

2004). Both the oxidati on state of the hete rocyc lic ring and the position of ring B ar~ 

important in the classification. 

Flavonoids normal ly accum ulate in plants as glycosylated derivatives, whi ch are stahle to 

hyd ro lysis and are biolog ica lly active both in planta and as dieta ry components. Several 

factors such as 131ant type, age of the plant or plant parts, stage of deve lopment, and 

environmental conditions govern the tlavonoids coments in plants. Flavol1oids, the most 

importam of secondary metaboli sm prod ucts, occur in the plants. They have medicine and 

biological efTects (Goren ct ai., 2001). 

Flavonoicis, the major factors that determi ne the nd ica l -scaven~ing oapab ili ty ar~: 

(i) The ortho-dihydroxy structure 011 the O-ring, which has the best e lectron-donating 

properties and confers higher stab ili ty to the rad ica l form and participates in electron 

delocalizatioll. 

(ii) The 2. 3-double bond with a 4-oxo jimction in the C- ring, which is responsib le fo r 

e lectron de locu lizution fro m the Bring. 

(iii) The 3- and 5-hydroxyl groups with the 4-oxo jimction in A lind C rings, which arc 

essemiaJ for maximu m radica l scavenging potential. 

(iv) 71Je 3-hydro.lY/ group is importali! jor llntioxidant aClivi/y. The 3-glycosy latioll reduces 

their activity when compa red wit h c.o rr~sponding aglycollef. (Shahid i and Wanasundcra, 

1991: Bors ancl Miche l, 2002). 
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2.4.3.I.Characterizatioll of flavolloids 

Flavonoids are themselves d ivided into six subgroups: flavones, flavonols, flavanols, 

fl avanones, isoflavones, and anthocyanins, according to the oxidation state of the central C­

ring. Their structural variation in each subgroup is partly due to the degree and pattern of 

hyd roxylat ion, methoxylation, prenylation, or glycosy lation. The Isoflavonoids and the 

Neoflavono ids can be regarded as abnormal flavonoids (Chu et aI. , 2000). 

The anthocyanins and tlavones are the major c lass of flavonoids present in cereals and in 

general, this c lass of compounds contributes the blues, purples, and reds in plants . ( Zie lin ski 

eJ al. , 2000 ; Paskoa el al., 2009; Gorinstein el aI. , 2007). 

IrYl v-,Jl
O 

Fl d\lonOI Fl a .... one 

Figure 7. Structure ~; of flavono ids 

Source: (Z ie lin ski el al. , 2000) 

Isol1avonoid 

Figure 3. Structures of abnormal flavonoids 

Source: ( Paskoa el al .. 2009) 
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2.4.3.2. An thocyanin 

Anthocyan ins are flavonoids. They are water-solu ble vacuolar flavono id pigments that appear 

red to blue, accordi ng to pH They are synthesized by organisms of the plant kingdom. and 

have been observed to occur in all tissues of higher plants, providi ng colour in leaves, stems, 

roots, flowers, and fruits. Anthocyanin pigments are responsible for the red, purple, and blue 

colours of many fruits, vegetab les, cereal grains, and flowers. They have long been the 

subject of investigation by botan ists and plant physiologists because " f their roles as 

pollination attractants and phyto-protective agents (Deprez et al., 200 I). 

An anthocyanin pigment has intensified because of their possible health benefits as dietary 

antioxidants. Anthocyanins are one class of tlavonoid compounds, which are widely 

distributed plant polyphenols. Flavonols, tlavan-3-ols, tlavones. fl avanones, and flavanono ls 

are additional classes of tlavonoids that differ in their oxidation state from the anthocyan ins. 

Anthocyanins are vers.atile and plentiful fla vonoid pigments fou nd in red/purplish fruits and , 
vegetables. including purple cabbage, beets, blueberries, cherries, raspberries and purple 

grapes. Within the plant they serve as ant ioxidants and pigments contributing to the 

coloration offlower (Deprez el al. , 2001). 

2.4.3.3. Flavonoids levels ill cereals: 

Goren el al .. (2001) have reported big ditTerences in proanthocyanidin concentrations 

between red and white sorghum grains. Red sorghums showed an average of 9400 mglkg, 

aga inst 1300 mg/kg for white samples. In most samples, proanthocyanidins decreased after 

gelJni natioll . The proanthocyanidin leve ls were revealed to be pos iti vely corre lated to the 

Iota I phenulic contents (Amarowicz el n/., 2004). 

Flavan-4-ols such as apiforol (l eucoapigeninid in) and luteoiorol (Ieucolutcol inidin) are other 

interesting sorghum polyphenols, as precursors of sorghum 3-deoxyanthocyani (di)ns. Never 

reported in beer. they have been foulld at concentrations up to 4200 mglkg ill sorghum 

(Amarowicz et al., 2004 ). 
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Although the typical aggregate antioxidants content of tef is little known, the natural 

variat ions existing among the types of antiox idants and amount exist ing among different 

varieti es are poorly understood. It is important to be ab le to fractionate tef antioxidants 

efficiently and to identify fractions with certain beneficial health effects. The limitation on 

methods of quantifying cereal phenolics are the different responses given by different 

phenol ics and the difficu lty of procuring an appropriate standard. 

2.4.4. Tannin 

Tannins, which are also cal led proanthocyanidins or procyanidins, consist.s of polymerized 

flavanol units and they contribute to astringency in foods . These compounds are found in 

cereals sorghum with a pigmented testa layer like, red finger millets, and barley. Tannins 

bind to prote ins, carbohydrates, and minerals, which decrease digestibility of these nutrients 

and reduce feed efficiency during feedi ng. Plants containing high tannin levels are not 

preferred by birds and insects. However, humans have acquired a taste for moderately 

astringent food stuff (i.e. , dark chocolate and cranberries). Condensed tannins have high 

antioxidant activity in vitro compared to monomeric phenolic compounds. In addition these 

compounds ,11' y have ant i-carcinogenic, card iovascular, gastro protective, anti-ulcerogen ic. 

and cho l este l ~- Iowering properties, and they also promote ui'inary tract health (Kahkonen et 

al. . 1999). 

Tannins are another major group of polyphenols in our diets and Llsually subdivided into two 

groups: (I) hydrolysable tannins and (2) condensed tannins. Hydrolysable tannins are 

compounds containing a central core of glucose or another polyol esterified with ga ll ic ac id, 

also called ga llolannins, or with hexa hydroxydiphenic ac.id, also ca lled ellagi tallnins. The 

great variety in the slructure of these compounds is due to the many possibilities in form ing 

oxidative linkage . . Intermolecular oxidation reac tions give rise to many oligomeric 

compounds ha\'ing a molecular we ight. between 2,000 and 5,000 Daitons (Khanbabaee and 

Ree, 2008) . Condensed tannins are oli gomers or polymers of lluvan-3-ol linked through all 

interflavan carbon bond. They are also referred 10 as proanthocyanidins because they are 

decomposed to anthocyanidins through acid-catalyzed oxidation reaction up 011 heating in 

acidic alcohol so lutions. The structure diversity is a resu lt of the variation in hydroxylation 

pattern, stereochemistry at the three chira l centers. and the location allu type of internavan 

linkage. as well as rhe degree and paltern of rneli1oxylatioll, glycosylalion and gaJioylation 

(K01e;ckar et al .. 200g). 
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Kelawala and Ananthanarayan (2004) stud ied iso lated sorghum fractions with highest levels 

of tannins and total phenols and determined their antioxidant capacities relative to blue 

berries fractionat ions. Maximum values of phenols were observed in the white, black and 

brown brans respecti ve ly. On ly the brown sorghum had catechins. The findings suggested 

that sorghum (especia lly high tannin types) is rich sources of catechins and tota l phenols. The 

bran gives high concentrat ion of these compounds with antiox idant power similar to berries. 

These fractions could be source of antioxidants and other nutrients in foods. 

Sorghums containing condensed tannins have consistently shown the highest antiox idant 

activity in vitro, and they approach or exceed the antioxidant levels of fr uits and vegetables. 

Sorghums containing condensed tann ins dominate production of grains in hot, humid regions 

of Africa because they have significantly improved resistance to grain moulds and birds, 

which allow for their successful production. Tannin sorghums contain a pigmented testa, 

wh ich contributes astringency during grai n maturation and causes birds to utilize other food 

sources. When other grains are unavailable birds consume tannin sorghum. These tann in 

sorgHums are grown extensively in east unci southern Afri ca (Khanbabaee and Ree, 20(1). 

2.5. Description of Tel' 

Ethiopia's major staple crops include variet ies of ce reals. pulses, oil secds, and co flee . Grains 

are the most important tie ld crops and the chief element in th0 ,jj.~t of most Ethiopians. The 

principal grain is le[ Tef is an important t()od source in Ethiopian diet-used to make injern. 

flatb read. The word .. ter' is thought to have been derived from the Ethiopian Amharic word 

lej(cl. which means lost- ·due to small size of the grain and how easily it can be lost if 

dropped. It is the smallest gra in in the world, measuring ()nly s bollt 1132 of an inch in 

Jia l11eter. It takes 150 grains of tef to weigh as Illuch as one grain of wheat. Because the 

;;ra ins of tef are so small , the bu lk of the grain consists of the bran and germ . This makes lef 

Jlutrient-dense (http:// www.beanslentils.com). 

Tel' (Eragroslis leg·(Zuec.) Trotter) bdongs to Ihe fami ly Poaceae, subfamily Eragrost0ideae, 

tribe Eragrosteae r,nd genus Eragroslis. The gCIIUS contains abou t more than 300 spet ies 

(Costanza, 1974). Within the genus Eragl'Oslis 43% or the species seem :0 have ori ginated in 

Ati·ica. I R% in South America, 12% i;] As ia. 10% in ;\usi!'3Iia, 9% in Ccntral America. 6% 

in North Ame rica ancl 2% in Europe (Costan7..a, J 974). Of the '54 'Eragroslis species in 
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Ethiopia, 14 (or 26%) are endemic (Cufodontis, 1974). The fact that the genetic diversity for 

tef exists nowhere in the world except in Ethiopia, indicates that tef originated and was 

domesticated in Ethiopia. Vav il ov (1951) has identified Ethiopia as the centre of origin and 

diversity oftef. 

2.5.1. Nutri tional va lue of teff. 

It is one of the cereals that constitute a major source of proteins, ca lories, minerals for 

millions of people in Ethiopian. It contains II % prote in, 80% complex carbohydrate and 3% 

fat. [t is an excellent source of essentia l amino acids, espec ially lys ine amino that is most 

often deficient in grain foods . Tef contains more lysine than barley, millet, and wheat and 

s li ghtly less than ri ce or oats. Tefis also an exce llent source of fiber and iron, and has high 

amount of calcium, potass ium and other essential minerals. [t is totally glu ten free idea l for 

those with a gluten inrolerance i.e. Coeliac Disease 

(http://www.wam.umd.edu/tes/tef/ injera.html). 

1 

2.5.2 . . Ethiopian Common tcl'varieties. 

There are severa l varieties of tet; each with characteri st ics best suited to specific conditi ons. 

But the common are:-white, red and brown tef. 

2.5~ ".1. White tel' is the preferred type but only grows in certain regions of Ethiopiq. 

Whit~ Itef grows on ly in the High lands of Ethiopia, requi res the 1Il0st rigorous grow ing 

conditions. and is the most expensive form oftef. It was reserved fo r the wealthiest and 1110st 

prest igious famili es. The prestige associated with consum ing white te t'. as well as its more 

stringent growing conditions, contributes to the increased cost. The shelf life of injeru is 

extended with the lise of white tef (Mesfin. 2004) . 

2.5.2.2 . Red tel'; - the least expensive form and the least preferred typr., has the highest 

iron content. In persons living in areas of the country where consum ption of red tef is most 

prevalell t, haem<)globin levels were found to be hi gher with a decreased risk of a:1aemla 

related to parasitic infection. As studies of the increased health benefits associated with high 

iron contents ill red tef become e luc idated, there is more acceptance of thi s grain in society. 

Today in Ethiopia. red tcf is becoming more popular re lated to its increased iron content. The 

availab le data were 110t ab le to differentiate the iron content between red and white td The 

average iron content of tef is 62.71mgl40z grain . Some of Studies indicate ('hat the l ev~1 of 
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iron In the tef is related to the thresh ing of the grain on the so il. 

(http://ethnomed.orglcultures/ethiop/teff. html). 

2.5.2.3. Brown tet' and Ivory tef: - The third main type of tef, brown (mixed) tef is a 

mixture of both red and white tef without any standard proportions from each and locally it is 

ca lled "mixed" tef (Mesfi n, 2004) . Wholesalers in the major markets divide tef into four, 

namely; magna (very white), nech (white), mixed (mixed between white and red) or brown 

and key. Four of the grades indicate the co lor of the tef variety. The market value gives 

magna the first while key the last grade pos ition (Refera, 2009) . Poor farmers usually sell the 

white tef at reasonably higher prices, while buying either the mi xed or red tef for their own 

consumption. White tef is more expensive than the red tef. People who can afford the price 

usua lly consume white tef or Magna tef, wh il e the med ium and poor fami lies consume the 

mixed and/or red tet: Fanners who grow white tef often do not consume it. Instead, they sell 

the white tet' at reasonably higher prices and buy eithe r the red or the mixed tef for home 

consumption Accord ing to the pilot study made by Kinde Kassegne (2009), the classitication 

of tef is not unit()fI11, what is referred to as magna le/(top quality) in some area of Eth iopia is 

sometimes sold as mixed Ie/ (med ium quality) in Addis Ababa commodity market. Quality 

attributes re(/tlired in te f appear to be poorly undersiood with little documentation of quality 

requirements :for products. This introduces some arbitrariness in the compari son of prices at 

di fferent locations (Zeleke. 2009). 

Different tef vari eti es have different co lors this is might be due to heterogeneous 

phytochemicals found in germ of the seed. Hence. these give some c lue how tcf varieties are 

ditl'erencing in their antioxidant contents (http: //www.efn.org/·-·sundancelTeffMi llet.html). 

2.6.Fenugreek 

Fenugreek (Tri gone lla foe num graecum) is an an nual herb that belongs to the famil y 

Legum inosae widely grown in Pakistan. India, Egypt, and Middle Eastern countries 

(A larcon-Aguilara el 01., 1998). Due to its strong flavor and aroma fenugreek in one of such 

plants whose leaves and seeds are widely consumed in subcont inent including Ethiop ia as a 

spice in food preparations, and as an ingredient in traditiona l medicine. It is rich sou rce of 

calc ium, iron, p-carotene and other vitam ins (S harma el 01., .1 996). Both leaves and seeds 

should be included in norm al d iet of famil y, espec ia lly diet of growing kid s, pregnant ladies, 

pubelty reaching girl s and elder members of family because they have haematinic (i.e. blood 
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formation) value (Ody, 1993). Fenugreek seed is widely used as a galactagogue (mi lk 

prod ucing agent) by nursing mothers to increase inad~q uate breast m ilk suppl y (F ie iss, 1998). 

The seeds of fenugreek contain lysine and L-tryptophan rich proteins, mucilaginous fiber and 

other rare chemical constituents such as saponins, coumarin, fenugreekine, nicotin ic acid, 

sapogenins, phytic ac id, scopo letin and trigonelline, which are thought to account for many of 

its presumed therapeutic effects, may inhibit cholestero l absorption and thought to help lower 

sugar leve ls (Billaud, 200 I; Sauvaire et 01., 199 I; Ribes et 01. , 1986). Therefore, fenugreek 

seeds are used as a traditional remedy fo r the treatment of diabetes and hypercholesterolemia 

(Basch et 01. , 2003 ; Miraldi et 01., 200 I) . It reported to have restorati ve and nutritive 

properties and to stimulate digestive processes, useful in healing of different ulcers in 

digestive tract (Khosla et 01. , 1995). Fenugreek has also been reported to exhibit antioxidants 

properties such as anti tumor, antiviral, antimicrobial, ant i-i nflammatory, hypotensive 

(Cowan, 1999; Shetty, 1997). 

2.7.Preparation of il/jera 1'1'0111 tel' 

2.S.1. 1I1jera fermentation 

Il1jera i ~ ermented, sour leavened pancake-l ike bread made from tef (Ergagrosfis Ie!), wheat, 

barley, orghul11 or maize or a combination of somc of thes~ cereals. 1I1jera can he produced 

from an~'bfth e various ce reals depending on ava il abi lity and abundance of the cereals, which 

are culti vated in the agro-eco logical zones suitable 1'01' the ir growth . Ge nerally speaking, 

people on the hi gh lands prepare injera from barley and wheat where as those on the low 

lands prepares it [rom maize, sorghum or millet. 

The various il'ljera types different vari etics of cerea ls produced from the ditfe rent varieti es of 

cerea ls do not have signiticance variati on in rheir ca lorie, moi sture, protein, qnd carbohydrate 

or phosphorus contents. Significant variations are, however, observed in the other nutrients. 

The fe rmentat ion process results in significant reduction of most of the nutrients found in the 

cereal flour. However, in general, injera can be good source of energy. tiber. iron and 

vitamins (EHNR, 1997). 

il1jem baking cons i s t ~ of two stages of natural fe rm entation, which last for about 24 to 72 

hours, depend ing on amb ient temperatures. Temperatures ill the. high lands of Ethiop,inn are 

ge nera ll y between 17 and 25 0 C. The onl y req ui red ingrcdients are the te!' flo ur and warer. 
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An appropriate amount of flour is mi xed with twice its weight of water. Thi s is kneeded 

thoroughly to produce a thick paste. Inoculation is accompli shed by consistently using 

partia lly cleaned fermentation container and by add ing some ersho, the clear, yellow liquid 

that accumu lates on the surface of the batter towards the final stage of a previous 

fermentation . The fermentation process of tef injera is described by Berhanu Abegaz Gashe 

(1985). The initial 18 hours are characterized by vigorous evolution of gas and maximum 

dough-ri sing. This is followe.d by the appearance of an acidic yellowish liquid on the surface 

of the dough at about 30 - 33 hours of fermentation. Gas evolution decreases after the pH has 

fallen below 5.8 (31 hours) . The liquid layer is discarded at the end of the first stage of 

fermentation. As soon as the liquid layer is poured off, about 10% of the fermenting dough is 

mixed with three parts of water and boiled for 2 to 5 minutes. This is called 'absit ', a dough 

enhancer, and it is mixed with the rest in fermentation va!. This process signals the init iation 

of the second stage of fermentation. By mixing the boi led dough with the rest in the vat, the 

dough-rising and gas formation processes are enhanced so they occur in short time. 

Maximum dough-rising, whi~h normally takes 30 mir;utes to 2 hours, signals the termination 

of ferm.entation. At this stage the fermenting dough is thin enough to pour on to the hot flat 

pan. locally'fho wn as 'mi/ad' for stam-baking in to injera (Steinkraus, 1983). The injera pan 

is made or~iay and has diameter of 45 - 60 cm . baking is preceded by cleaning the heated 

pan with pi~bes of cloth atter greasing the pan with ka le and COlton seeds. Pouring of dough 

starts from 'hie outer part of the pan to the centre moving clock wise direction. Bubbles start 

forming within seconds and the pan then covered with a lid . ll~jera is thus baked on the 

bott.om side and the upper side is baked by stream . The tora l baking time for one injera is 2 Y, 

- 3 Y, minutes. The temperature in the middle of the injer(1 during the baking process would 

reach aropnd 90°C. The injera is removed (i'om the baking pan with the help of a straw plate 

and allowed 10 cool down. The weight of one tel' injera is 350 - 4S0 g. ['yem cRn .be kept for 

3 to 4 days. Longer keeping results in drying and mouldiness .. 

'Ahsit' ensures that ilyera will have the proper texture and cons i st'~ncy. lnjera baked without 

'absit ' or with less 'absit ' than the reljuired wi ll have fewer amounts of eyes on the upper 

surface. A higher number of larger eyes are a very desirable attribute of an attractive injera. It 

also tends to be brittle after few hours of baking. Too much 'ahsit ' makes baking difficult. 

injaQ I;~ked at 24 hours or less is ealled 'cljiegna illjera ' and has sweer taste. It is 

recommended for people suffering from gasTrit is' and , thus, do not to l e ra t~ acid ic toods. 
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2.8. Effect of processing on the antioxidant properties of cereals 

Wide variety foods are processed trom cerea ls and legumes using different processing 

methods. Food processing does impact on quality aspects such as sensory and nutriti onal. 

Various chemical reactions, physica l and biological processes are set in motion during food 

processing. The phytochemical quality of foods as affected by processing becomes important 

in this regard. Phenol ic compounds are a significant group ofphytochemica ls in cereals. They 

possess bioactive properties such as antioxidant activity and offer potential hea lth benefits. 

Process ing of cerea ls may enhance or reduce levels of phenolic compounds in foods and this 

has impl ications for their bioactive properties and potential health benefits they can offer 

(Beta el al., 1999). 

Processing like fermentation, heating, enrichment, maceration and various separation steps 

can result in oxidation, thermal degradation, leach ing, and other events that lead to increase 

by dissociating of plant from plant matrix components or lower levels of antioxidants in 

processed food compared with fresh (Shi and Ie Maguer, 2000) . 

The way tediis' are processed, mixed together with other foods, cooked, preserved and 

prepared for llinal consumption can dramatically aflect antioxiclant leve ls. In the near term, 

increasing th.!! re tention of antioxidants in foods as they are processed and prepared is likely 

to ofter the g 'eatest potential to increase average antioxidant intakes, especially if consumer 

interest and purchasing patterns makes the retention of antioxidants a priority for the food 

processing and manufacturing industries. There are some significant ditferences in the food 

process ing and rnanufacturing technolog ies that are a llowed and typ ically used in compan ies 

manufacturing processed organic foods in contrast to conventional foods. Some of these 

differences arc known to have a significant and consistent impact on antioxidant levels. For 

example, the synthetic chemical hexanc is one of several chem ica ls lIsed to promote 

extraction of o ils from crops in conventional , high-temperature and hi gh-pressure oil 

processing plants, but this synthetic chemica l may not be used in the extract ion of organic 

oi ls. Hexane is known to promote removal of antioxidants (Daniel et al., 1999). 
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Antioxidant levels in many processed foods are a fraction of the levels in fresh foods. In 

some cases, food processing actually concentrates antiox idants (i.e., lycopene in most 

processed tomato products). Novel food processing methods and technologies could 

markedly lessen the loss of antioxidants in a variety of processed food s (Daniel et 01., 1999). 

Attention is repeatedly drawn to the use of locally prod uced cereals for food processing. 

However, the lack of ideal grain quality parameters compounded with the scarcity of suitable 

processing technologies at household level should serve as an impetus for grain sc ientists to 

identify methods of utili z ing the avai lable cereals (Beta et 01., 1999). During processing, 

phenolics other than those endogenous in cereal grains may be formed as by-products of 

enzymatic or thermal degradation or as products of polymerization of simple phenolics. Some 

components in whole grains may be most impOltant in the health benefit and should be 

retained in food processing. 

As antioxidants susceptib le to ox idation and degradation, exposure to light, oxygen and heal, 

conditions normally present during food process ing, may accelerate or enhance the total 

antioxidants capacity. 'Therefore information on the stabi lity of antioxidants during food 

processing iS lilipoltant fo r evaluating the potential hea lth benefits of food s (Hye-Min Han 

and Bong-Kyung Koh, 2008). 

2.8.1 Fermentation 

One way of process ing the grains into food is through fermentation (Taiwo, 2009 and 

Blandino et 01 .. 2003). Campbell-Platt (1987) has defined fermented foods as those foods 

which have been subj ected to the action of micro-organisms or enzymes so that desirable 

biochemical changes cause significant modification to the food . Over the years, ferme ntation 

became part of the cultural and traditional norm among the indigenous communities in most 

deve lop ing countries, especia ll y in Africa . The rllral folk have come to pr~fer te nnented over 

the unfermented foods because of their pleasant taste, texture and colour. This popularity has 

made fermented foods one of the main dietary components of the developing world (Aderi ye 

and La leye, 2003 ; Mosha and Vicen!. 2004: NOlll and SarkaI', 1999) .. 

Many researchers have demonstrated that microbial fermented food products obtained hi gher 

antioxidant capacit ies than unfermented food (Santiago lit al. , 1992; Esa ki e/ 01. , 1994 , 1999; 

Berghoter et al., 1998; Lin el 01., 2006) . The Ditference in the antioxidants may be mainly 
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because of the process of microbial fermentat ion and dissolution of antioxidants from the 

grains. 

Hye-Min Han and Bong-Kyung Koh (2008) tested the effect of different wheat pizza dough 

fermentation times, rang in g from ze ro to 48 hou rs, on antioxidant properties. Longer 

fermentat ion times also boosted antioxidant levels, in some cases by as tnuch as 100 percent. 

The increase likely resu lted from chemical reactions induced by yeasts, which had more time 

to release the ant ioxidant components that were bound in the dough. 

The influence of fermentation on ant ioxidant activities and total phenolics of 4 cereals, 

namely buckwheat, wheat germ, barley and rye, was determined and compared with those of 

their unfermented counterparts. The total phenolic content (TPC) increased upon 

fermentation . Antioxidant activities (AOA) were assessed using 2,2-diphenyl-l­

picrylhydrazyl (DPPH) scavenging capacity, ferric ion-reducing antioxidant power (FRAP) 

and thiobarbituric acid (TBA) methods. The presence of those microorganisms was enhanced 

levels of antioxidant activity. Thus fermentation offers a tool to further increase the bioactive 

potential of cereal prod ucts (Kahkonen el al. , 1999). 

The fen lentation of rice defatted soya flour. prepared in 40:60. 50:50 and 60:40 proportions 

and thetl~ ixed with butter milk was carried out at 25,30 and 35°C for I ~!, I Sand 24 hrs. The 

untermcnted cereal legume blends contained high amo unts of phytic acid (375 .00- 465.20 

mg/IOO g) anci polyphenols (0.44-0.60 g/ I 00 g) . Indigenous fermentation at 35"C for 24 hI'S 

reduced the phytic acid level of almost half in all the blends. Higher temperature and longer 

period of fermentation , reduced phytic acid content, on the other hand, polyphenols increased 

sign ificantly or remained constant in the fermented blends (Kahkonen el al .. 1999). Lin el al. , 

(2006) have demonstrated that microb ial fermented soybean products obtained higher 

antioxidant capacit ies than unfermented soybean. 

2.8.2. Baking 

It is generally well known that there can be sign iticant losses of natur,d compollnds dur ing 

thermal process ing due to the fact that most of th e bioactive co mpollncis an: relatively heat 

labile. Therefore, heat processed tood is considered to have a lower health promoting 

capacity than !lie correspondi ng fresh one. However, recent studies have sho\\ 11 that 
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thermally processed food have higher biological activities due to their various chemical 

changes during heat treatment (Kim et al., 2006). 

Esaki el al., (1999) studied the influence o f heat treatment of phytase activity (microbial and 

intrinsic) on the phytate degradation. The feeds used in the trials were barley or wheat, heat 

treated or untreated. Approximate ly 50 per cent of the phytate in ba rley was degraded within 

6 hrs of soaking. The rate of phytate degradation was decreased when soaking temperature 

was reduced li'om 20°C to 10°C. A re lationship between phytate degradation and temperature 

were inversely proportional to each other 

Kim el al., (2006) studied the effect of heat on the antioxidant activities of tom-kha paste 

extract before and after heating. A fter heat treatment, tom-kha paste extract, pronounced 

more antioxidant activity in terms of DPPH assay . This may due to the fact that most of the 

compounds in thi s experiment were relat ive ly heat stable. Or it could be that the heating 

process may enhance the antioxidant activi ty due to the formation of Mai llard reaction 

products (N icoli , 1999). 

As Hye-M'in and Bong-Kyung (2008) note that the Pi zza wheat fl our longer baking times or 

hi gher temperatures genera lly corresponded to higher levels of antioxidants in comparison to 

less intens bak ing cond itions. Antioxidant leve ls of pizza wheat (lour increased by as much 
.J 

as 60 percent duri ng longe r baking times and by as much as 82 percent during higher baking 

temperatures, depending on the type of wheat flo ur and the anti oxidant test used. Th is 

because most of the ant ioxidants in wheat are found in the bran and endosperm components, 

wh ich have been largely removed in high temperature. The exact mechanisms invo lved are 

not yet fully understood. 

As Friedman and Dao ( 1990) observed in gra ins like sorghum, cook ing and baking results in 

the partial loss of phenoli cs. A lso pheno lics can become modified such that their solubility 

and functional group properti es are a ltered. 

Rice-Eva ns el al. (1996) carried up on two cultivars of pearl mill et grn ins (HC-4 and HHB-

67) were milled and chapati s (unl eavened bread) were made n'o l11 the fl our. The crude 

prote in, ash, true prote in nitrogen, non-protein, fat. phyti c ac id and po lyphcno l content of th e 

samples were determined, as were the in vilro protein and starch digestibi li ty. Mill ing o f pearl 
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millet grains changed its gross compos ition. Baking did not s igniti cantly change the nutrient 

content of raw pearl millet flour. Mi lling and heat treatment during chapati making, 

significantly lowered po lypheno ls and phytic acid and sign ifica ntly improved the prote in and 

starch di gestibility. 

Taiwo (2009) determ ined phytic acid in cerea l (brans, fl ours and millet wheat products) and 

breads. The cereal flo urs showed values of 3-4 mg/g for soft wheat, 9 mg/g for hard wheat 

and 22 mg/g fo r whole wheat. Corn (maize), millet and sorghum flo urs had mean contents of 

10 mg/g and oat, rice, rye and barley between 4 and 7 mg/g. Wheat brans had wide ranges 

(25-58 mg/g). The phyti c ac id for oat brans was hal f that of wheat bran (20 mg/g) and hi gher 

(58m g/g) than that for rice bran. The milling products (semolinas) from hard wheat exhibited 

10 mg/g and soft wheat a mean of 23 mg/g. The breads made with s ingle or mixed cerea l 

fl ours exhibited ranges between 1.5 and 7.5 mg/g. The loss of phytic acid relative to 

unprocessed flours was between 20 per cent for oat bread and 50 per cent for while bread. 

2.8.3. Enrichment 

Many researc~le rs note that increas ing consumer awareness of the hea lth benefi ts of 

antioxidant has prompted the deve lopment of bakery products conta in ing whole grai ns fl our 

and the fortific ation and enrichment of bakery products with high natural antioxidant 

potentials. 

Consumption of grai ns as part of diet is now recommended for hea lth reasons because of rich 

source of antiox idants. However, nutritiona lly it has negative impact on health as lot of 

phytochemicals are removed during processing, spec ia lly antiox idants viz., polypheno ls, 

phyti c ac id. vitamin E and trace mineral s. Pulses, spices and green leafy vegetabl es were 

added as antioxidant rich food ingred ients in acceptable proportion, by 'ls ing standard 

methods of preparation (Swaminathan e l al. . 198 1) 

Ellfiching of cereals with antioxidant rich fOud ingredients detinite ly replaces antioxidants 

whi dl an: lost durin g processin g. Such methods are in practice in ou r her itage. In the present 

study il'ijera was enriched with antio idant rich seed, fe nugreek to enhance the antioxidant 

uGti vities. 
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2.9. Enrichment of staple foods with fenugreek 

Fenugreek were attracted the attention of producers to meet manufacturing demands for 

"functional food" additives and Natural Health Products (NHP) in Canada (Fitzpatrick, 

2004). Mansour and EI-Adawy (1994) recommended that fenug reek seed cou ld be added to 

foods like ground meat and baked cereals foods, not only as nutritional supplements but also 

as a potential health function. 

Park el al. ( 1997) examined the stab ility of the antioxidants in dough and stored bread at 

room temperature. White bread was fortified ind ividual ly with fat coated L-ascorbic acid 

(ASA), cold water-dispersible (CWO) ~-carotene and CWO all rac-u-tocopheryl acetate 

(TOAC) at levels of 64, 5 and 100 mg, respective ly of active ingredient per 100 g of flour 

(14% mb). The freshly baked pup loaves retained 76, 67 and 96 pet cent of added 

antioxidant. respectively. In leaves stored at 25°C for one the seven days, ASA, disappeared 

rapidly and PE ~ -carotene disappeared, slowly. CWO ~-carotene and ToAC were stable. 

When bread was fortified with both fat-coated ASA and CWO 0 -carotene and stored for five 

days, no protective effect on the retention of the antioxidants was found. Park el aI., (1997) 

studied the stahi lity of antioxidants when fortified with wheat and psyllium husk fibre. A 7:3 

(wfw) mixture' ofwheat fiber (WF) and psyllium husk fiber (PHF) was substituted for 10 WI 

per cent of nohr on a 14 per cent mb and the protein in the blend was restored to 10.3 per cent 

by incorporating vital wheat gluten. After adding 0.5 per cent sodium stearoyl 2-lactylate, the 

blend (100 g) was fortified with a com bination of fat. coated ascorb ic acid (ASA). protein­

encased (PE), ~-carotene and cold water dispers ible (CWO) all rac-2-tocopheryl acetate 

\TOAC) at levels of 72, 5.6 and 115 mg, respectively of actiw materials. Adding the fiber 

ingred ients to the pup loaf formula increased water absorption 25 per cent and mixing time 

50 per cent and impa,1ed stickiness to the dough. The crum b of the tiber and antioxidant 

bread remained mllch softer than contro l bread during one to seven days of storage at room 

temperature. ASA (97%) was lost s ignificant ly faster than P -carotene (25%) and TOAC 

«10%). 

Fell ow ( 1997) studied the effects of white, brown and black sorgh um bran addition on bread 

quality. Among the three sorghum brans, brown sorghum bran dou gh had increased water 

ab~orption and mixing time. Sensory evaluat ion showed that the breads were of cx.cellent 

qua lity and fl avou r compared to commercial wh ite bread. Arldition of 10 per cent whit.! 

sorghum bran increased dietary fiber by 13 per cent per 25 g slice and added 4.5 mg pheno ls, . . 
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brown bran increased fiber by 92 per cen t and added 68 mg phenols and 267 mg catech ins 

eq uivalent, black bra n added fi ber as we ll as pheno ls and catechins to breads, yield in g 

products with des ira ble texture and fl avour. 
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3. Materials and Methods 

3.1. Sample 

The Samples (white, red, and brown Quncho tef (OZ.Cr-387» were brought from Bishoftu 

Agricu ltural Research Institute, Ethiopia with purpose. Th is sampling sited was chosen 

because of occurrence of diverse varieties oftet' and to get pure breed ing. 

3.2. Sample preparation 

All the snmples were taken at one lot, cleaned, and stored in closed bins and used for entire 

stud y. The samp les div ided in to two fl our portions. Half of the portion will had three tef 

flour varieties (White, red and brown) and prepared for further analysis of antioxidant 

capacity determination. The tef flour portions turned in to dough . The first part of dough 

fermented for 3 days whil e the second dough fermented for 18 hours ca lled aflegna injera. 

The dough was baked in the electrical heated oven and become lnjeras. lnjeras dried at 40 °C 

over night. ground to a fi ne powder (to pass through a 40 mesh sieve) and stored in 

polyethylene bags for further extractions. 
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Sample p"cparation 

SAMPLES 

BROWN 

ll· 

C E{~FlEGNA INJ~ 

rl~:l-" 
[ White -I '~ 

Figure 9. Flow chUrl of sample preparation 
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fe rmented 

EN. RAW 

WHITE TEFF 

CjN.FERMENTED INJE;;-:::::­

;; 

J ' 
[ White J 
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Injera preparation 

Tef fl our + water + ersho 

-+ 
Incubate at room temperature 

(Primary fermentat ion) 

-+ 
-I> T -I> -I> -I> -I> -i'ennent for 17tS hours 

-+ 
At about 301m, di scard yellow liquid 

On the top of the fermenting dough 

-+ 
Remove a small volume of dough 

For ' absi t' making 1,----------+ 
Mix with water 

• Boil 

-+ 
'Absit' 

+ 
Add to dough ill fermelllation vat 

+ 

-+ 

-+ 

+ 
+ 

~ u ., ~J> ~> Ii .... -.-....-J;i>-O' • Incubate for O.S to 2 hours 

(Secondary ferm entation) 

-+ 
Steam bake on hot clay pan 

(2-3min utes) 

+ 
Injera 

Figure 10. Flow chan for injera prepa rati on 

Source: (Ste inkraus, 1983) 
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3.3. Chemicals 

Standards BHT (2-tetra-butyl-4-hydroxypheno l), Ga lli c acid and reagents, 2, 2-d iphenyl-l­

picrylhydrazy l (DPPH), Folin-Ciocalteu's reagent (FCR), potassium hexacyanoferrate, and 

methanol were purchased From Sigma-A ldrich. Ferric ch loride (FeCb.6H20), ferrous chloride 

(FeCI2. 41-120), trichloroacetic acid (TCA), aluminum chloride (AICb.6~hO) , sodi um nitrite 

(NaN02). phosphate butfer (K2HP04/ KH2PO.) Irolll (F luka), and sodi um carbonate 

(Na2C03) (Hi~'~f)dia). 

3.4. Antioxidant Capacity Determination 

3.4.1. Sam ple Extraction 

Samples were extracted based on the procedures as outlined by Barros and Babtista et al. 

(2007) and Ferre ira el al. (2007). The tel' grai n varieties processed into flour and injera, 

homogenized. weighed in to [en gram o f dried powder. The powder was extracted by stirring 

with 100 ml of methanol at 25°C at 150 rmp for 24 hrs using temperature shaker incubator , 
(ZHWY -I 03B) and [hen filtered through Whatman No.1 filter paper. The res idue was then 

extracted witH two add itiona l 100 ml portions of methanol as described above. The combined 

methanolic e, tiac[s were evaporated at 40°C () dryness lI si ng rota evaporat0f (Stuart R3 300) 

a lld re-disso lved in methanol at [he concentration of 50 mg/ ml lind stored at 4vC for fi.lrther 
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3.4.2. Determination of Free Radical Scavenging Activity 

The hydrogen atoms or e lectrons donation ab ili ty of th e corresponding extracts and some 

pure compounds were meas ured from the bl eaching of purple co lored methanol solution of 

DPPH (Gursoy el 01., 20 10). The effect of methanolic extracts on DPPH radical was 

est imated according to Kirby and Schmidt ( 1997). A 0.004% so lution of DPPH radical 

solution in methanol was prepared and then 2 ml of DPPH sol ution was mi xed w ith I ml of 

various concentrations (0. 1- 4 mg/m l) of the extracts in methanol. Finally, the samples were 

incubated fo r 30 min in the dark at room temperature. Scavenging capacity was read 

spectrophotometrica lly (Perkin Ellr,er Lamda 950 UVIV isfN lR) by monitoring the decrease 

in absorbance at 517 nm. Th is absorpti on max imu m was fi rst veri fied by scanning fresh ly 

prepared DPPH from 200-800 nm using lhe scan mode of the spectrophotometer. BlItyl 

hydroxytolucne (BHT) was used as a standard and mixture without extract was used as the 

control. Inhibition offi'ee radical DPPH in percent (I %) was the n ca lculaled: 

Radical Scavenging Activi ty = ~o;o A!. x 100% 

Where Au i, lhe absorbance of the con tro l and AI is the absorbance of the sample. The 

extract concentrat ion provid ing 50% of rad ica ls scavenging activity (lC50) was calcu lated 

frolll the graph o f RSA percentage against extract concentration (Barros & Baptista ct al.. 

2007; Barros & FCrJ'~ira et 01., 2007). 

3.4.3. Determination of Total Reducing Power 

Total red ucing power was carried out acco rding to the method established by Oyaizu (1986) . 

Or.c ",illi! i!rc of the ex tract at different concentrations (1 - 6 I1lg/ml), phosphate butler (0.2 M. 

pH <i.6. 2.5 ml) and r otassium hexacyanolerrate solution (I % vi 111,2.5 ml) were mixed ill a 

, test lUbe and inc ubated for 20 min at 50°C. Theil 2 .5 1111 tricil loroacctic "cid ( 10%) was 

added. and the mixture was centri fuged at 2000 x g for 10 min. The upper laye r (2.5 ml) was 

transferred into another tube and mixed wiih 2.5 ml deionized water and 0.5 III I ferric 

chl oride( 0.1 % ) and lelt to react for 10 min . finall y, the absorbance of the reaction mi xture 

was measured at 700 nl11. Stronger absorbance at thi s wavelength indicates higher red ucing 

power of the antioxidant. The extract concentra tion providing 0.5 of atsorbance (IC:,o) was 

ca\cu lated from the graph of RPA absorbance at ), = 700 nm against extra.ct concen tration. 

lJIIT was used as standa rd (Ba rros & Baptista el' aI. , 2007; Barros &. Fcrreira et a I. , 200T). 
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3.4.4. Total Phenolics Determination 

Pheno lic compounds concentrat ion in the tef and injero.l' methanolic extracts were estimated 

based on proced ures described by Ferrei ra el 01. (2007). One millilitre of sample (2000 ~lg) 

was mixed with I ml of Fo lin and Cioca lteu's pheno l reagent. After 3 min, I ml of saturated 

sod ium ca rbonate (20%) sol ution was added to the mi xture and adj usted to 10 ml with 

distilled water. The reaction was kept in the dark for 90 min, after wh ich the absorbance was 

read at 725 nm. Ga IIic ac id was used to construct the standard curve (7.5--50 Ilg/ml) . The 

results were mean va lues ± standard error of mean and expressed as mg of gallic acid 

eq ui valents/g of extract (GAEs). Total content of phenolic in letf and it5 products; injeros 

extracts in gallic acid equivalent (GAE) was calctl lated by the fo llowing formula : 

c x V 
c=--

m 

Where C is the toral content of phenol ic compounds, mg/g fj'esh material. in GAE; c the 

conc~lHrati on of gallic ac id establi shed ti-om the cali bration curve (y= :7.00x + 0. 114; R2= 

D.997): V the vo lume of extract, L; In is the weigh l of extract, g. 

J.4 .5. Assay for tot a l tbvOllOi!is 

To <I I fl avonoid was determined by a colorimetric l1Iotho,1 as descr ibed in Xu and Chang 

(20(l7). Brieny, 0.25 1111 of sample (50 mg) was mixed with 1.25 1111 of de ion ized water and 

75 )d of a 5% NaN02 so lution. After 6 min, 150 III of a 10% AICI).Gl-I 20 solu tion was added 

to [h~ mixture. The mixture was incubated at room tcmp'~ratu re for 5 min, aller which 0.5 ml 

of 1M NaOH and 2.5 ml of de ionized warer we re added . The In ixtLilc was [hen thoroughl y 

vo:tcxed Dnd tile absorbance of the pink colo!!r was measured at 5 10 nm against the blank. 

For calibration curve (+) - Catechin was u ~ed with a conce nt.-ation ra n:~e of 10-250 Ilg/1111. 

I{e~ult s \V~re ~xpre5~ed as mg (+)-catechin equ iva len t (CE)/g of extract. The ~t'lI1dard curve 

equati on y = 2.657x + 0.049, R2 = O.9~ 7 was constructed frolll catechin to es l abli~;h the actua l 

concentration oflhe c,xtracts. 
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3.4.6. Data Entry and Analysis 

The experimental resu lts were in mean ± standard error (SE) of three parallel measurements. 

Data were eva luated by using two way variance analysis (ANOVA) and means were 

separated by Duncan's multiple range test (p<O.OS) by us ing SPSS version 15.0. For the 

construction of graphs and interpo lating ICso of the respecti ve antioxidant activities Microsoft 

Exce l was used. 
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4. Results and discussions 

4.1. Free Radical Scavenging Activity 

The antioxidant activity of tef or tef injera extracts were measured in terms of hydrogen 

donating or radical scavenging ability using the stable DPPH· method. Scavenging of 

different types of reactive oxygen species, mostly free radicals, is thought to be one of the 

main mechanisms of antioxidant action exhibited by phytochemicals. The synthetic nitrogen­

centered DPPH radical is not bio logically relevant but is often used as an " indicator 

compound" in testing hydrogen-donation capacity (Re et al., 1999). The total antioxidant 

capacity assay was conducted to systematically evaluate the ability of tef and tef injeras 

extracts to s~avenge free radicals in Vi/roo Extracts of the samples at various concentrations 

(0.1 , 0.5, 1,2,3. and 4) mg/ml were added to 2 ml of DPPH · solution. When DPPH' reacts 

with an antioxidant compound donating hydrogen fo und in the extract, it is reduced, resulting 

in a decrease in absorbance at 517 nm. The absorbance was recorded at 30 min using a UV­

Vis spectrophotometer. The percentage of inhibition were ca lculated and plotted against the 

samples concentration to obta in the amount of antioxidant necessary to reduce the initial 

concentration of DPPH. 

In th is study, optimization of the concentrat ion range req uired to scavenge DPPH was 

evaluated with pre-tests by tracking the purp le to ye ll ow co lor change of DPPH with 

increased concentration for each samples. This had been crucial part of the study since setting 

a much lower or much higher concentrat ion range might not indicate the difference in 

scavenging power between samples clearly and more so. the IC;o (the concentration required 

to scaveng ing 50 % of the radical) might be sk ipped. It is after this optimization process that 

0.1 - 4 mg/ml was chosen and prepared by diluting the stock so lu tion (50 mg/ml) with 

methanol. This concentration optimization process was applied in simil ar way for reducing. 

IOtal phenolics and total fl avonoids assays. 

The IC50 val ue expresses the amount of tef variet ies and the ir injeras extracts necessary to 

decrease the absorbance of DPPH by 50% (Antolovich et al., 2002) . The va lue can be 

determined graphica lly by plotting percent of inhibition against the used extract concentration 

on excel. A lower IC50 value means a higher antiox idant capacity orthe sample. 
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4.1.1. Free radical scavenging activity oftefvarieties 

The ICso of white, brown, and red tef is 0.875, 0.75 and 0.6 mg/mJ respectively as compared 

to standard; BHT (IC 50 =0.056). Red tef was the most potent of all that could scavenge most 

free radical as shown had the lowest ICso value while white tef with the highest ICso , is the 

least potent (fig. 14). 

Figure 11 . White tef Figure 12. Brown tef Figure 13. Red tef 

The results obtained were in agreement with those Brunswick laboratories; Norton, MA 

(2006) studies showed that ivory tef (3600 umol TEll 00) had strong antioxidant activity as 

compared to brown tef (3400 umol TEll 00) by oxygen radical absorbance capacity (ORAC). 

However, it couldn't evaluate brown tef values with my fmdings since the antioxidant 

activity were tested through different methods (Velioglu el al., 1998; Miller el al. , 2000; 

Halvorsen el al. , 2002; lavanmardi el al. , 2003). Guajardo-Flores et al. (2006) determined the 

total antioxidant of red com, blue com and white com with ABTS the total antioxidants are 

25, 24 and 20 u mol Trolox equivalents respectively. They suggested that pigmented cereals 

had the highest free radical scavenging activities. Sripriya el al. (1996) evaluated the free 

radical action of brown finger millets and white fmger millets, DPPH radical quenching 

activity of brown finger greater than white finger millets. 
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Figure 14. The DPPH scavenging activity of raw tef extracts. 
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4.1.2. Free radical scavenging activities of partly fermented (aflegna), fully 

fermented tef injeras and their enriched one. 

Enriched tef injeras with fenugreek were evaluated for sensory characteristics like 

appearance, colour, texture, taste, flavour and overall acceptability in comparison with 

control tef injera by woinishet (2010) (unpublished). As reported by Woinishet (2010) 

sensory quality of the supplemented tef injera has been observed to be significantly affected 

by blending proportion. From acceptability rating, she was concluded that 5% fenugreek flour 

could be incorporated up to 95% tef flour in the formulation of injera without affecting their 

sensory quality. 

Methanol extracts from white tef injeras were evaluated for free radical scavenging activity 

by DPPH method (fig. 15). Among the extracted injeras the ICso of the concentration of 

sample calculated and enriched partly fermented white tef injeras showed higher scavenger 

property (2.63 mg/ml). Fully fermented white tef injera sample had the highest ICso value 

(3.25 mg/ml). The methanolic extracts of 50% inhibition value of white partly fermented, and 

emiched fully fermented white tef injera was 2.80 mg/ ml and 3.00 mg/ml respectively. The 

enrichment of white raw tefwith fenugreek reduces 0.875 mg/ml to 0.81 mg/ml (ICso). 
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From figure 16 processing of brown tef in to part ly or fully fermented injeras affect 

scavenging activit ies. The ICso- values for partly fermented brown tef injera, fully fermented 

brown tef, enriched partly fermented brown tef injera and enri ched brown fully fermented tef 

injeras were 2.30, 2.75 2.25 and 2.50 mg/ml respectively. 

Scavenging activit ies of enriched red tef injeras was stated in Figure 17, fro m the figure, it is 

observed that the ICso ranges from 1.15 - 1.6 mg/m l. The lowest scavenging was found in red 

fully fermented irljeras (1.6 mg/ml) wh ile the highest was observed in enriched partly 

fermented injera ( 1.1 5 mg/ml). The ICso-value for paltly fermented red tef injeras and 

enriched fully fermented red tef injeras were 1.25 mg/ml. 

As it observed from the results, the antioxidant contents of tef varieties had been affected by 

processing in to partly and fully fermented injeras and enrichment with fenugreek. There 

were slight decreases in the injeras (both partly and fully fermented) antioxidant levels with 

respect to the all raw tef variet ies flour. The decrease in the free radical scavenging activities 

between raw flour varieties and their processed product, inj eras may be due to a consequence 

of [he thermal effect (90 0c) during baking and it might be some of the antioxidants in tef 

we~e relatively not heat stable. This observat ion is however simil ar to that obtained by (Oboh, 

2005; Oboh and Akindaham us, 2004; Amic el al. , 2003). When cereals exposed to various 
'. 

co ventiona l processing inc lud in g thermal could bring a loss in their antioxidant contents. 

,'t 
The free rad ical retention capacity of partly fermented iniera was hi gher than fully fermented 

injeras ill all tef varieties in the same process ing condit ions. However, ajlegna injera 

extracts showed lower activ ity than raw tef fl our at the same concentration (protoco l) in the 

same var iet ies. The order of free radical scavenging capacity was: raw teff extract > Aflegna 

injera > fu lly fermented injera among the same varieties ofter. 
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Figure 15. The DPPH Scavenging activity of white tef and its injeras 
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Figurel7. The DPPH scavenging activity red tef and its injeras 

4.2. Total reducing power. 
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Reducing power is to measure the reductive ability of antioxidant, and it is evaluated by the 

transformation of Fe (III) to Fe (II) in the presence of the sample extracts (Giil9in el al. , 

2003). The reducing power of methanolic extracts of tef and tef injeras were summarized in 

below Figures. From the figures, reducing power increased with an increased in extracts 

concentrations. The ability to reduce Fe (III) may be attributed from hydrogen donation from 

phenolic compounds (Shimada el al., 1992) which is also related to the presence of reductant 

agent (Dub, 1998). In addition, the number and position of hydroxyl group of antioxidants 

compounds also rule their antioxidant activity (Rice-Evans e/ al., 1995). 

Similar to DPPH scavengmg, the concentration range which shows difference between 

samples for reducing power was optimized. It was found that concentrations from 1-6 mg/mJ 

were adequate enough for comparison and interpolating the rc50 (effective concentration at 

which the absorbance is 0.5) Effective concentration (IC50%) of the parameter representing 

the extracts concentration able to reduce 50% of the used reductant agent. It was determined 

by drawing a graph with the sample concentration at which the absorbance is 0.5. High IC50 

value means lower antioxidant capacity of the sample and vice versal. 
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4.2.1. Total reducing power of tefvarieties 

From figure 18 it is observed that the highest reducing ability was seen in red tef (2.25 

mglml), followed by brown tef (2.3 mglml) and the lowest reductive observed in white tef 

(2.5 mglml). High reductive potential in red tef may be due to the presence of high tannins 

and pigment-contributing compounds such as the anthocyanins or the existence of 

phytochemicals that are responsible to the variable distribution of structural parts such as 

bran, endosperm, and germ (srilakshmi, 2005). 
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Figure 18. Total reducing power oftef varieties 
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4.2.2. Reducing power of partly fermented, fully fermented tcf illjeras and their 

enriched one. 

As indicated in Figu re 19 the ICso - values for tota l reduc ing power of whi te tef injeras 

extracts were presented. Enriched partly fermen ted white tef injeras had the min imum lCso 

(2.7 mg/ml) while full y fermented white tef injeras had the lowest red ucing capability; it had 

3.30 mg/ml. The lCso value for part ly fermented white tef injera was 2.75 mg/ml. 

There were changes in the total reducing power; the extractions of brown tef injeras with 

lenugreek had higher reductive potential respect to the unenriched injeras (figure 20). The 

lCso va lues for partly ferme nted brown tef injera (2 .75 mg/ml), full y fermented brown tef 

injera (2.75 mg/ml ), enriched partly fermented brown tef injera (2.50 mg/ml) and enriched 

fu lly fermented brown tef injera was 2.60 mg/ml. 

As it can be seen from the figure 21 the lCso- values for methanolic extracts of partly 

fermented red tef injera, full y fermented red tef injera, enriched partly fermen ted red injera 

and enriched fully fermented red tef injera were 2.5 I11g/ml. 2.75 rn g/1111 , 2.20 mg/ml and 2.4 

mg/ml respective ly. 

·there were overlap in the va lues of red uctive potentia l for white partly ferm ented injera. 

pkrtly brown te f irljera and tully fermented brown tet" ily'era and red fermented illjerJ (2.75 

mg/ml) thi s might be due to the reducing power assay is cons idered to be a sensitive method 

for the quantitative determination of dilute concentrations of total antioxidants which 

participate in the redox reaction (A marow icz. 2004). 

There were decreases of reducing power of injeras in contrast to their fl our. As Friedman and 

Dao ( 1'.190) observed in gra ins like sorghull1, cook ing and bak ing resu lts in. the partial loss of 

reductive potential. These observations however. contrary to the observation of Hye-Min anri 

Bong-Kyun g (2008). as they obse rved that gra ins (wheat fl our) longer bak ing times or. higher 

temperatures genera lly corresponded to higher levels of antioxidants in comparison to less 

intense baking conditions. Th is because most of the antioxidants in gra ins round in the bran 

und endosperm components, which had been largely obtained in high temperature. 
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Figure 19. Reducing power of white tef and its injeras 
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Figure 20. Reductive potential of brown tef and its injeras. 
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Figure 21. Reductive potential of red tef and its injeras. 
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Extracts of ajlegna injera (partly fermented) had higher scavenging activities and reductive 

potential than fully fermented injeras. The reasonable evidence that less antioxidant in fully 

fermented injeras than partly fermented injeras' among the same varieties were; in case of 

fully fermented injera at about 30 hours, the yellow liquid on the top of the fermented dough 

would be discarded this result in the loss of water-soluble antioxidants. The finding of Rovio 

el al. (1999) suggested that water may be used as an extraction solvent for antioxidants and 

has gained an increasing attention due to its unique antioxidants solvation properties. Ibanez 

el al. (2003) extracted the most active antioxidant compounds from rosemary including 

flavonoids by water extraction. 

A number of studies have documented significant reduction in antioxidant capacity of cereals 

in fermented foods. In study of miller fermented foods, the fermentation reduce antioxidants 

levels (paredes-lopez and Harry, 1988) this is because antinutritional factors which 

sometimes act as antioxidants show a decline during fermentation. Contrary, in majority of 

cereals, fermentation often increases the content of soluble vitamins: well known antioxidant 

(paredes-lopez and Harry, 1988). 
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The find ing of 11IIiana (20 I 0) indicates that antiox idant act ivity of the rye sour dough highly 

depends on the fermentation time. Long fermentation process is tools to increase the 

bioactive compounds and antioxidants activities. However, the finding of luliana (20 I 0) 

contrary w ith my finding since the fully fermented tef injeras which fermented for 72 hours 

had low antioxidant activity than partly fermented tef injera which had been fermen ed only 

fo r 18 hours. Thi s mi ght be due to the out weight of the loss water so luble antioxidants with 

the liquid on the top o f the fermented tefsour dough before fully fermented injera was baked 

over the enhancement of antiox idants during fe rmcntation or may fermentation in tef couldn 't 

result increase in the antioxidant leve ls. 

Tef injeras such as unenriched and enriched partly fermented and fu lly fermented were 

evaluated for free rad ical scavenging activities and total red ucing power, variation~ observed; 

the extracts from the enriched injeras appear to posses' greater anti oxidant ac ti vity when 

compared to unenriched injeras. The reasons for the higher free-radical scavenging and total 

red ucing abil ity of the enriched injera were that due to the presence of fenugreek. Fenugreek 

has higher ant ioxidants than cereals. Th is is in agreement with the result 'reported by park e/ 

al. (1997) studied the stab ili ty of antioxidants when wheat fortified with fenugreek; the 

[ortiffed product increased its antioxidant leve ls. A number of studies have documented that 

fe nJgreek has high antiox idant activity (Zheng and Wang, 200 I: Yclioglu er ai. . 1998). 

Man§o ur and EI-Adawy ( 1994) recommended that fp.l1u greck seed cou ld be add~d to foods 

li ke round meat and baked cerea ls, not only as nutritiona l su pp l el11~nts but a lso !o'~n ht1 nce a 

potential fu nctional food (antioxidants). 
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Table 5. Free rad ica l scavenging activit ies and reduc ing power of three tef varieties and 

their injeras. 

Extracts ICso (mg ICso (mg 

1m I) for RSA 1m I) for TRP 

White tef 0.875 2.50 

Brown tef 0.75 2.30 

Red raw tef 0.60 2.25 

Partly fermented white tef injera 2.80 2.75 

Fully fermented white tef injera 3.25 3.30 

En. Raw white tef 0.81 2.3 

En. partly fermented white tef injera 2.63 2.70 

En. fully fermented white tef injera 3.00 3.00 

I-partly fermented brown tef injera 2.30 2.75 

Fully fermented brown tef injera 2.75 2.75 

En. pattly fermented brown tef injera 2.25 2.50 

En. fully fermented brown tef injera 2.50 2.60 

Partly fermented red tef injera I 1.25 2.50 . 
Fu lly fermented red tef injera 1.60 2.75 

En. partl y fe rmented red tef injera 1.1 5 2.20 

En. fully ferm~nted red tet'injera 1.25 2.40 
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4.3. Total phenols 

Phenolic compounds such as tlavonoids, phenolic acids, and tannins are considered to be 

major contributors to the antioxidant capacity of plants. These antiox idants a lso possess 

diverse biolog ica l act ivities, such as anti -inflam matory, ant iatherosc lerotic, and anti­

carcinogeni c activities. These activ ities may be related to the ir antiox idant activity (Chung, 

Wong, Huang, & Lin, 1998) . Moreover, it had been reported that the antioxidant activ ity of 

plant material s was we ll correlated with the content of their phenolic compounds. Therefore, 

it is im portant to consider the effect of the tora l phenol ic content on the antioxidant activity of 

teff extracts. 

The , fo lin-eiocalrue reagent is used to obtain a crude estimate of the amount of phenolic 

compounds present in the extracts. Phenolic compounds undergo a complex redox reaction 

with phosphotungstic and phosphomolybdic ac ids present in the reagent. However, the assay 

has been shown not spec ific to just phenolic compounds but to any other substance that could 

be ox idi sed by the folin reagent (Escarpa and Gonzal ez. 2001: singleton el al .. 19999) . In 

addition. phenoli c compounds depend on the number of phenolic groups they have. 

responded d ifferently to the Folin-ciocal tue reagent (S ingleton el al .. 1999) . 

4.3.1. Phenol contents of tel' varieties 

Total p leno lic compound contents of each tef varieties and its injeras were expressed as g 

gall ic acid equi valent (GAE); the resul t showeQ that IOta I phenolic compound content in red 

tef was hi ghest reported as 11.47 mg GAE/g. Brown tet' e)(.tract was ranked second (9 .87 mg 

GAE/g) possessing higher antiox idant properties thun whi te tet' (8.248 mg GAE/g). The 

phenolic content of ra w tef varieties were sign ifican tl y differe nt (P<0.05). This is in 

agreement with the result reported by Toyokuni el al. (2002); Pigmen ted grains have been 

shown to have higher phenolic compounds than the regular non-pigmented gra ins. 
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4.3.2. Phenol contents of partly fermented, fully fermentcd tcf illjeras and their 

enriched one. 

The total phenolic content results of white tef injeras were reported in Table 6, the average 

phenol values of partly (aflegna) and fully fermented white tef injeras were 5.81 and 4.03 mg 

GAE/g respectively. Whereas the tota l phenol ic content for enriched partly fermented white 

tef injera and enriched fully fermented white tef injeras were found to be 6.77 mg GAE/g 

and 5.59 mg GAE/g respectively. 

Phenol content of partly and fully fermented brown tef injeras or enriched compared to 

unenriched brown tef injeras was stated in the Table 6. From the table, it is observed that 

there is enhancement in phenol content among enriched injeras. The total phenol of brown tef 

injera ranged between 5.81 mg GAE to.8.53 mg GAE/g. The highest increase in phenol 

content was observed in enriched partly fermented brown tef injera (8 .53 mg GAE/g) and the 

lowest increase was in fu lly fermented white tef injeras (5 .81 mg GAE/g). Total phenol 

values of partly fermented and enriched fermented brown tef injera were found to be 7.19 

and 7.94 mg GAE/g respectively. 

As Table ~ indicates processing of red tef in to parlly or fully fermented injeras afTect the 

amount 0 tota l phenol contents. The tota l phenol contents for parlly fermented , fully 

fermented .' i nriched partly fermented and enriched fully fermented red tef injeras were tound 

to be 8.75.7.36,9.12 and 8.24 mg GAE/g respectively. 

The raw te t' showed the highest total phenol contents in respect to both partly and full y 

fermented injcras in a ll three varieties. This may bc due to treatment of foods wi th high 

thermal processing. Acco rding to Julkunen (1985), increasing the temperature above 60 °C. 

lowered the phenolic compounds considerab ly in the majority of cereals. The study also 

found that the total phenolic compounds of parlly fe rm ented injera was greater than full y 

fermented injera this is might be due to so lubility of pheno lics in water which discarded 

bdore injera was baked. However, there were no large phenolic difference~ between partly 

and full y ferme nted in the same varieties s ince the predominant ph~nolic compouncis 

(Ferulic) in cereals were identified as lipid acid solu ble derivatives. This in agreement with 

Collins (1986), he suggested that some phenol ic ac ids and fl avonoids are water soluble 

compounds, but lipid soluble deri vatives are common to grains such as terulic acid. 
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The hi ghest increase in phenol content was observed in enriched injara" as compared /0 

unenriched one. This enhancement of antiox idant content in enriched injeras due to attributed 

to the addition ant ioxidant rich food ingredients, fenub'1'cek. Simi lar results were a lso 

observed by Polasa (1998) and Anilakumar et al. (2007) in rOlli, N igerian cereal staple food. 

4.4. Total flavonoids 

Flavonoids have been proven to display a wide range of pharmacological and biochemical 

actions, such as antimicrob ial, anti thrombotic, antimutagenic and anticarcinogenic activities 

(Cook & Samman, 1996). In food systems, flavonoids can act as free radical scavengers and 

terminate the radical chain reactions that occur during the uxidation of triglycerides. 

Therefore. they present antioxidative efficiency in oils, tillS and emulsions. 

4.4.1. Flavonoid contents of tef varieties. 

Results pr~sented in the Table 6 show significant variation (P<0.005) in tlavonoid contents of 

tefvarieties. It was ranged between 1.03 mg CEI g and 2.13 mg CEI g. T he results for white 

tet: brown tef and red tef were: 1.03. 1.78 and 2. 12 mg CEI g respectively . Theresults 

illustn ' d that red tef had hi ghest flavonoids as compared to wh ite and brown tef TI ,is .may 

due [Q 'eed colour. Seed colours affect flavonoid contents. Cereals seed grow'1 on plants wi th 

red se~ndary. co lor had higher leve ls of tlavor.o ids than th ose .Ie ,;s colou red seed. This was 

possibJ-~' i fand only if the anthocyanin responsible for red pigmented SCJd testa. The results 

were similar to the values obtained from different colour of sorghum (Beta et al .. 1999). 

4.4.2. Flnvonoids of partly fermented, fully fermented tef illjeras and ·their enriched one. 

Among wh ite tel' il1jeras (table 6) the flavono ids content varied and ranged between 0.88 mg 

CE/g to 1.09 mg CE/g. The flavonoid contents for pmily fermented, fuJl y fermented, enricheD 

partly fermented and enriched full y fermented white tef injeras were 0.89. V.88, 1.09 and . . 

1.06 mg CE/g respectively. 

In brown tef injeras, the highest flavonoid ,'oolent was noticed in enriched part ly fermented 

injei'(I (I. <) mg C EI g). The lowest COlllent was in fu II y fermented brown te fil1jera.l· ( 1. I 8 111 g 

CEI g). The flavono id content of partly fe rmented brown ref illiera and enrich~d tennentcd 

brown tef illjera we re 1.33 mg CEI g and 1.264 mg CE/g respectivl!ly. 
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Results presented in the Table 6 showed flavonoid contents of red tef injeras. It was ranged 

between 1.64 mg CEI g and 2.03 mg CEI g. The results of partly fermented, fully fermented, 

enriched partly and enriched fully fermented red tef injeras were: 1.77, 1.64, 2.03, and 1. 87 

mg CEI g respectively. 

Flavonoids content of tef injeras varieties in comparison with flour is presented in Table 6. 

From the table it is observed that there was reduct ion of fl avonoids in injeras. Processing 

significantly affect the fl avonoid di stribution of tet' flour varieties (P<0.05). The re lative 

d iflerence of fl avonoids content may be attributed due to fl avonoids which are present in the 

te f fl our can be destroyed or transformed in to other phytochemicals during heat treatment 

and processing. Kikuzaki and Nakatani (1993) exp lain the reduction in the va lue of 

flavonoids during heat treatment and processing because transformation of existi ng flavonoid 

structure happened in oxidation or may interact with the other compounds. 

Table 7 suggested that between un enriched and enriched tef injeras with fenugreek, enriched 

injeras showed the highest flavonoid value while unenriched had the lowest value as 

expected due to enrichment of injeras with fenugreek. As Cowan( 1999 ) repOlted that 

fenugreek ha been to exh ibit pharmacological propel1ies such as antitumor, antiviral, 

antimicrobial. anti- in flammatory and hYllotensive due to the presence of abundant flavonoid 

contents. 
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Table 6. Effects of processing on the phcnol and flavonoid contents of tef varieties 

(white, brown and red) and their illjerll~· . 

Variety Treatment Phenol ( mg GAE/gm) Flavonoid ( mg CE/gm) 

WR 8.28± 0.03ob 1.03 ± 0.06"b 

WA 5.81 ± 0.23bcd 0.89 ± 0.02" 

WF 4.03 ± 0.31 d 0.87 ± 0.09" 

White tef WEA 6.77 ± O.77bc 1.09± O.OS"b 

WEF 5.59 ± 0.84cd 1.06 ± 0.06ob 

WER 9.41 ± 0.86' 1.24 ± 0.09" 

BR 9.73 ± 0.26' 1.78 ± 0.0gef 

BA 7.19 ± 0.29fg 1.32 ± 0.05f 

Brown tef BF 5.81 ± 0 .976g 1.18 ± 0.03f 

BEA 8.53 ± 0.64' 1' 1.90 ± 0.44< 

BEF 7.94 ± 0.92efg 1.26 ± 0.14f 

RR 11.47 ± 0.84x 2.13 ± 0.0I x 

RA 8.75 ± 0.06xy 1.77± 0.03' 

Red tef RF 7.36 ± 0.89Y 1.64 ± 0.06' 

REA 9. 12 ± 0.98xy 2.03 ± 0.01 ' 

REF 8.24 ± 0.97xy 1.872± 0.07Y 

Reported values were mean ±SE (n-3). Means \v ith different letters in the same column arc 
significantly different lP<O,05). NB: WR, WA, WF , \YEA & WEB.. \vt:rc whitt: raw left whi te 
ajlegna. white fermented , white enriched ajlegl10 and cnricheJ while lef injeras rt:!spcclively) 
and SR, I3A. OF, BEA & BEF rcprescnl browil raw tel ~ ajlegno, brown enriched ajlegllCi and 
enriched brown fermented injeras respectively while RR ( nlW reu lcl), RA (ajlegl1o red tef 
illjeI'Gs) , RF (fully fermented red leI' illjeras ), REA ( enriched lIflegna red tef" iryera) &REF 
(red cnrieht:d fully fermented injeras). 

Tef varieties injeras showed the same trend in their phenol and flavonoid val ues as 

the raw tef varieties in the order: the red tef injeras > brown tef injeras > white tef 

injeras in the same processing parameters. The phenol and f1avonoids cont~nts of 

three tef varieties were s igniticantly affected (1'< 0.05) by processing and va riety 

However, variances or analys is of variety • process in g was fo und to be insignificant 

(I' > 0.005). 
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5. Conclusion and rccom mcndations 

5.1. Conclusions 

Cerea ls are the sta pl e food s o f an Ethiopian diet. 70 to 80 percent the total energy is prov ided 

by cerea ls. The principal Ethiopian cereal is tef. Tef is the most impOltant food source in 

Ethiopian di et- used to make injera, fl at bread. Consumption of cerea l grains as palt of the 

diet is now recommended for hea lth reasons because of rich source of antioxidants. 

Antioxidants have gai ncd interest si nce it was reported that an increased intake of dietary 

antiox idants may help maintain an adequate health status. Antiox idants are found in a ll 

cerea ls inc luding te t: However, there are no well organized previous reports on the 

antioxidant content of tef varieties and their injera. Hence. the present investigation was 

carried out to eva luate the antioxidant content and activity of three tef varieties. Red tef had 

the most potent of all that could scavenge most free radical and hi ghest reductive potential 

had the lowest IC50 va lue accompanied by hav ing the hi ghest phenolic and tlavonoids 

colltents. While wh ite te f had the highest lC 50 is the least poten!. 

The study a lso showed that processing or teftl our in to parlly 01' full y fermented injeras had 

red& ed the lOta l ant ioxidant contents w ith respect to faw tef flour ( P<0.05). The total 

anti 'xidants rctenti on capacity o f part ly fermented injel'a W8S higher than fully fermented 

in/eit,s. From the study it was also observed that there ' vas enhancement in antioxidant 
I· 

act ivites of enr;ched injeras with fenugreek at 95:5 ratio ~r'tefflour to fenugreek respectively 

a'; compared to unenri ched. 
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5.2. Recommendations 

The tollowing recommendat ions are made based on the study conducted and findings on 

antioxidants tef variet ies and their injeras 

~ Red tef should be getting specia l attention and emphas is by the consumers due to its 

good antioxidants capac ity and health institut ions, should advise. people to feed on red 

tef injera. 

~ Enrichment of fenugreek on tef flour for inj era production should a lso be encouraged 

s ince it en hance antioxidant capac ity of il!iera 

~ It also recom mended for other researchers to conduct a research on retention of 

antioxidant activity during home preparation of injeras 

Recommendation for futnre line work 

» Total antioxidant activities of tel' varieties already demonstrated. However, 

c iJ aructcr izing specific type of antioxidants fo un d in tc f, structures and bioava ilabi.lilY 

r.,· that in vo lved in antioxidant activity shou ld a lso be studied. 

i T here is considerable variation in the ant iox idants leve ls produced by plants grown 

><14' unde r different conditions or farming practices so antioxidants levels oftefvarieties 

should be studied and evaluated in di fferent regional areas, 

... Fll rther resea rch should be ori ented to the optimisation of anriox idant acti vity in order 

to ullderstand the facto rs co ntroll ing the retention OJ pl".lyt.oc~emicals dur ing home 

preparat ion of injeras. Therefore, the optim um re·(ention of these phYIOChclI1 icals 

under various process ing parameters and their interact ion with ocher t,)od GompC'lIcnts 

shou ld also be studied ill future . 
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APPENDIX 

A.1.Standard curves 

A.1.'L Standard curve for total phenolic deterrnination 
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A.2. Two ways ANOYA table for total phenols and flavonoids of three tefvarieties and 
their processed product, il/jerl/s. 

Tests of Between-Subjects Effects 

Type III I 
Dependent Sum of , 

Source Variable Squares i 

Corrected Model phenol 155 .840(a) I 

tlavanoids 8.064(b) I 
Intercept pheno l 2883.797 I 

flavanoids 98.400 , 
vareity pheno l 63.526 

flava no ids 6.064 
processing phenol 107.936 

flavanoids 1.531 ' 
vareity * phenol 

2.982 ! 
processing 

flavanoids .488 ! 
Error phenol 65.973 

Ilavanoids 1.631 ' 
Total phenol 3 105.269 I 

Ilavanoids 109.498 
Corrected Tota l phenol 221.813 

, Ilavanoids 9.696 
a R Squared - .703 (Adjusted R Squared = .563) 
b R Squared = .832 (Adjusted R Squared = .753) 
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