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ABSTRACT 

The experimen/ was conducled wilh an objeclive of assessing nUlrilional, organo/eplic and 
anlinulrienl conI en Is of fenugreek sllpplemenled and unsupplemenled Tef Injera. Therefore, 
Injera prepared jiwn Ihe blends conlaining differenl proporlions (0%, 5%, 10%, 15% and 20%) 
of raw, roasled, soaked and germinaled fenugreek seed flour were evalualed for nulrilional 
composil ion and sensol), characlerislics. The proximale composition o.f fenugreek supp/emenled 
injera signijicanlly (p<0.05) increasedfor moiSlure, prolein, fa l andjiber wilh blending ralio of 
0%, 5% and 10%. The mean moisture, prolein, fat andjiber conlenl signijicanlly (p<0.05) 
increasedji-om 6.3 10 6.9 gl100g, 9.0810 10.4 gl100g, 1.61103.2 gi iOOg and 3.3103.7 gl 100g 
respeclively. Conversely, Ihe nulrilional conlenls of lolal ash. carbohydrale, and energy 
generally significanlly (p<O. 05) decreased as blending proporlions increased ji-om conlrol (0%) 
10 1O%, ji·ol/1 2. 5 10 2.4 gl 100gfor ash. 77.110 73.5 gl 100gfor carbohydrale andfrom 375.3 10 
368.8 kcal100gfor gross energy wilh Ihe blending proporlions ofO%, 5% and 10% respeclively. 
Whereas senso/)' characlerislics decreased wilh Ihe increasing level of fenugreek flour. The 
senso/)' resulls showed Ihal a maximum of 1 0% soaked and germinaledfenugreekflour could be 
inco/poraled 10 prepare acceplable quality injera, However 5 % of all Ireated and unlrealed 
fenugreek flour could be added in order 10 make acceplable quality injera. Supplemenlalion of 
raw, roasled, soaked and germinaled fenugreek flour 10 Tef flour increased the conlenls of 
prolein (10.2,9.6, 10.5 and 11.2 gI100g), /cil (3.0, 3.1, 4.4 and 4.1 g1100g), dietCII),jibre (3.4, 
3.7,3.3 and 2.3 g1100g), lotal Ca (202.17, 236. 09, 447. 35and181. 05 mgl100 g) and tolal iron 
(13.39, 13.57, 11.76 and12.44 mgl l00g), respectively, al 10% level of subslilulion. The 
anlinulrilional faclors of fenugreek supplemenled injera significanlly (p<0.05) increased for 
lannin 2.05 10 11.7 ji-om conlrol (0%) 10 10%. Conversely, phytale conlenl significanlly (p<0. 05) 
decreased ji-om 150.62 10131.28 as blending proporlions increased ji-OI11 conlrol (0%) 10 10%. 
Supplemenlalion o/raw, row·led, soaked and germinaledfenugreek flour 10 Tef flour decreased 
Ihe conlenls of anlinulrilional /clclors lannin (11.25, 8.67, 6.64 and 4.31 I11g1100g), phylale 
(153 .46, 128.40, 144.13 and 128.32 I11gI JOOg) respeclively. Blend proportion had a significant 
effect (p <0.05) on the proximate composition o.f Ihe supplemented injera. Most of the proximate 
composition and the sensory characteristics score were high on the soaked and germinated 
jenugreek supplemented injera at the same level of supplementation. In general, the study 
indicated that blending soaked and germinatedfenugreek up to 10% and both treated and 
untreatedfenugreek up to 5% with Tejjlour could result in i/?jera o.f acceptable quality. 

Keywords: Antinutrienls; Fenugreek; 1njera; Nutritional; Sensol),; Tef 
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INTRODUCTION 

1.1 Background 

Injera is thin , fermented Ethiopian traditional bread made from flour, water and starter (Ersho) 

which is a iluid saved from previously fermented dough. Iniera is made from tef most popular 

grain in the country, although other grai ns such as so rghum, maize, barley, wheat and finger 

millet are sometimes used (Adamu, 1996). 

Tef is believed to have originated in Ethiopia between 4000 and 1000 before Chri st (BC). 

Nowadays, tef represents the re-di scovery of a crop used by ancient c ivilizations (Patricia 

Arguedas.G, 2008). The grain has been widely cultivated and used in the countries including 

Ethiopia, India and Australia (Bekele, 1985). 

Tef is an annual grass crop and harvested as grain not only in Ethiopia but also, at present, 

cu ltivated in South Dakota and Idaho of USA, though not wide ly known or used, and is available 

in many health food stores (Bekele, E. 1985). It is one of the main al1Jlual ly produced grains in 

Ethiopia and is about 1.32 million metric tons per year (CSA, 1998). Of note is the fact that tef 

conU11ands a higher market price than other cereals in Ethiopia (Ketema, 1993). 

On top of use for making Injera, Tef in mixtures with soybean, ch ickpea and other grains is used 

and becom ing popular as baby food because of its high mi neral content. The most popular and 

widely preferred form of injera is prepared from unmixed pure tef ilour. The next preferred 

Injera is the one prepared by mixing tef flour with the ilour of other cereals such as barley, 

wheat, maize or sorghum (Ketema, 1997). 

injera is leavened, nat round bread and its surface has essentially evenl y spaced gas ho les that 

make up a honeycomb- like structure. The holes are fo rmed during baking due to expulsion of gas 

produced during fermentation. The other side (bottom surface) of Injera is smooth and shiny. A 

good Injera is soft, fluffy and able to be roll ed without cracking. It should retain these textural 



properties after two to three days of storage. Storage is traditionally done in a straw basket. A 

slight sourness is a characteristic taste of Injera. Because lnjera is leavened bread made from no 

gluten containing flou r and hence it has great potentia l for commercial production internationally 

(Ketema, 1997). 

lnjera prepared from flour of mi llet like grain named tef [Eragroslis le/(Zucc.) Trotter], is the 

most preferred compared to lnjera made from other types of poss ible grains. Tef flo ur IS 

preferred in the product ion of injera; a major food staple in Eth iopia (Ketema, 1997). 

lnjera is staple Ethiopian fermented bread which can be made from different types of cereals, 

particularly from tef (Eragroslis I~f) . About two-third of Ethiopian diet consists of lnjera and it 

accounts about two-third of the daily protein intake of Ethiopian population. Tef is traditionally 

harvested for grain in Ethiopia, where its flour is used for the production of lnjera. The 

nutritional val ue oftef grain is similar to that of traditiona l cereals (Norberg, 1996). 

To make Injera , Tef is ground into flo ur, fermented for three days then made into InJera, 

sourdough type flat bread. It is also eaten as porridge and used as an ingred ient of home-brewed 

alcohol ic drinks. 

Some researchers suggested that fenug reek (Trigone ll a foenumgraecum) could be good 

supplement used with tef. In some regions of Ethiopia, e.g. Welo, women usuall y prepare lnjera 

by add ing some fenugreek to tef flour to improve its baking quality. Because of th is, lnjera is 

believed to become softe r and possess a shiny appearance. Thus, it should be encouraged to keep 

on thi s traditional practice and users be made aware that such practice not only has the benefit 

of improving the bak ing quality of the lnjera but a lso of supp lementi ng its protein content, 

especially lysine (Ketema, 1997). 

Fenugreek seeds can be a good supplement to cereals because of its high protein (25%), lysine 

(5.7 g l1 6 g N), soluble (20%) and inso lub le (28%) d ietary fiber besides being rich in calcium, 
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iron and beta-carotene (NIN, 1987). On the other hand, Fenugreek leaves and seeds have been 

used extensively to prepare extracts and powders fo r medicinal uses (Basch el al., 2003). 

Fenugreek has ami-diabetic, anti-fe rti lity, anti-cancer, anti -microbia l, antiphrastic, hypo­

cholesterlaemic effects (AI-Habori and Roman, 2002). Also it conta ins many minerals and 

vitamins (Michae l and KUIl1awat, 2003). 

1.2 Statement of the problem 

Malnutrition is very common problem in developing countries; the problel11 includes both macro 

and micro nutrient defi ciencies . Among these Iodine d isorder, Iron defi cienc ies and prote in 

deficiencies are the most sign ificant problems noted . 

Ethiopia is one of the least developed countries in the world (UNDP, 200 1) and is the second 

most severely affected by maln utrition (de Onis, 1997).The most important fo rl11 s of malnutrition 

in Eth iopia are protein energy malnutrition (PEM), vitamin A deficiency, Iodine deficiency 

diso rders, and Iron deticiency anemia (t:dris, 2004). The da il y energy intake of the average 

Eth iopian is lower than the WFP minimum standard (2 100 calories per day). Abso lute poverty, 

poor hea lth and sani tary conditions, li mited knowledge of nutritiona l matters amo ng certain 

households, and nuctuat ions in incomes are some of the principal reasons for the high prevalence 

of malnutrition (Anderso n, 1981 ). Cereals, though important in human diets as a primaIY source 

of calories, of several important vitamins and mineral s, and proteins, are defic ient in the essential 

am ino acid lysine. The nutritiona l va lue of a cereal gra in could therefore be improved ei ther by 

addition of synthet ic lysine or by dietary intake of the lysine. Food legumes are comparatively 

rich in lysine and therefore a combinati on of cerea l prote in and legul11 e protein could suffi ce 

ideal source of dietary proteins for human be ings. The nutriti onal complementarities of cerea ls 

and legumes are of extreme importance, particu larly for the people of the less developed worl d 

(Hu lse and Fawcett, 1975). 
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The processll1g of legume flours through different techniques such as roasti ng, soaking, and 

germination, may alter these constituents, by making it more pa latable, digestible, and make 

them safe for human consumption by reducing the amounts of ant nutri ents (Hulse and Fawcett, 

1975). 

Specialty legume crops like fenugreek were attracted the attention of producers to meet 

manufacturing demands for "functional food" additi ves and N atural Health Products (NHP) 111 

Canada (Fitzpatrick, 2004) . Mansour and El-Adawy (1994) recommended that fenugreek seed 

could be added to food s like ground meat and baked goods, not only as nutritional supplements 

but also as a potential functional food . 

Fenugreek seed flour has a great potential to increase the protein content of tef flour products, 

due to its high and good quality protein, lys ine, so luble and inso luble di etary fibre (Khos la et aI. , 

1995 and Sharma, 1986). It also possesses hypocholestero lemic and hypoglycemic properties 

and it has high contents of Iron , calcium, zinc and other ingredients (NIN, 1987). Therefore, 

supplementation of fenugreek seed flour on the Tef flour enhances the nutritive val ue of food 

products. However, development and consumption of such therapeut ic bakery products has not 

been published to he lp to raise the nutritional status of the Ethipian population. 
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1.3 Significance of the study 

Supplementation is important to improve the nu trit ional qua li ty of food. It plays a noteworthy 

role in the new product production and health area. Consumers and researchers are required to 

give a detai led attention to thi s in order to min imize malnutrition. It is believed that various 

bodies will benefit fro m the resu lts of thi s study. Researchers in the supplementation area, 

teachers, students, and food processing industri es may use the outcome of the research as a 

reference material or a base line data for further research in the same area. It also provide 

necessary information abo ut the nutritional and acceptance of the developed product. And help to 

change the quality and nutritiona l status of Ethiopian Tef lnjera and to save considerable amount 

of expenses in health and medical services due to consumption of inadequately prepared food. 

Therefore, it was desi rab le to des ign and study the effect of supplementation of T~l flour by 

treated and untreated fenugreek seed flours on nutritional and sensory characteristics and of 

produced injera so as to c11l1ail problems associated with mal nutri tion in the country. Hence, th is 

study was conducted with the fo llowing general and specific objectives. 

1.4 Objectives 

1.4.1. General objectives 

~ To study the effect of supplementation of treated and untreated fenugreek to tef flours on 

organoleptic and nutritional value of fnjera. 

1.4.2. Specific objective 

I. To determine nutritional contents of fenugreek supplemented and unsupplemented 

Tef fnjera. 

2. To characterize organo leptic properti es of the fenugreek supplemented Teflnjera. 

3. To ident ify antinutri ent contents of fe nugreek supplemented Tef fnjera. 
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Literature Review 

2.1 Production of cereals and legumes in Ethiopia 

Ethiopia is one of the richest genetic resource centers in the world in terms of crop diversity. 

This is principally attributed to the diverse farmi ng systems, soc io-economics, cul tures and 

agroecologies . Crop plants such as coffee (Coffea arabica), safflower (Carlhamus linclorius), tef 

(Eragroslis Ie/), noug (Guizolia abyssinica), anchote (Coccinia abyssinica), enset (Ensele 

venlricosum), are known to have originated in Ethiopia. Very high genet ic diversi ty is found in 

Ethiopia in fo ur of the world's widely grown food crops (wheat, barl ey, sorghum and peas); in 

tlu'ee of the world ' s most important industrial crops (linseed, castor and cotton); in the world ' s 

most important cash crop (coffee); in a number of food crops of regional and local importance 

(tef, noug, Ethiopian mustard, enset, finger millet, cowpea, lentil) and in a number of forage 

species of world importance (clovers, med ics, oats)(!BC, 2008). 

The Ethiopian reg ion is characterized by a wide range of agro-c1i matic conditions with di verse 

cultural and farming practices that can be grouped into three major agri cultura l systems: the 

highland mixed farmi ng system, the low plateaux anel valley mixed agriculture and the pastora l 

livestock prod uction of the arid and semi-arid zones. Agricul ture in Ethiopia is a basis for the 

entire socioeconomic structure of the country and has a major influence on all other economic 

sectors and development processes of the country. It provides about 85 percent of the total 

employment and generates about 40 percent of the country's earn ings from export, contri buting 

about 57 percent of the country GOP and 90 percent of the export ea rni ngs. Of the total area, 

which is 122 million hectares, 84 mi ll ion hectares (69 percent) is class ified as agricultural land 

suitable fo r crop and livestock production. Of this, about 32 mill ion hectares is cul tivated with 

about 12 million hectares under major crop production annually (!BC, 2008) . 
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At present approx imately 8 million ha is used to produce the main food crops: cereal s, legumes 

and o ilseeds .Cereals [tef (Eragroslis Ie/), maize, barley, wheat and sorghum] occupy 80 to 85% 

of the total cul tivated area, fo llowed by legumes and oil seeds. The area annually covered by 

major cereal crops are 2.1 , 1.6, 1.4, 0.9 and 0.8 mill ion ha fo r tef, maize, sorghum, wheat and 

barley, respective ly. Pu lses (faba bean, field peas, haricot bean, ch ickpea, grass pea, lenti l) 

occupy I million ha and oilseed crops [niger seed (Guzolia abyssinica), linseed, rapeseed, 

peanut, sunflower, sesame and castor bean] about 0.4 mi ll ion ha (Get inet, 200 I). 

Table 2.1 Area and production of major crops from 1997/98 to 1998/99 

Area in ha Production in to nn es Product ivity in 1011n es 

Cro ps 1997/98 1998/99 1997/98 1998/99 1997/98 1998/99 

Cerea ls 560 1.88 6744.73 6498.80 7683.00 1.1 6 1. 14 

Legumes 837.60 875.38 680.20 931.98 0.81 0.84 

Oil seeds 383.50 374.78 164.49 156.75 0.45 0.43 

Others 29.71 21.43 16.22 12.13 0.55 0.57 

A ll c rops 6852.69 80 16.32 9645.23 7359.71 1.07 1.07 

Source: Central Statistics Authority (CSA), Bulletin Nos. 171 (1997), 189 (1998) and 200 (1999) 

Cereal crops playa majo r ro le in Eth iopian agri culture. The recent data from CSA ind icates that 

from the total cultivated of 9.8 mill ion hectare, 7.6 million hectare is covered by cereals, 

accoun ting for 77 percent of the tota l cu ltiva ted area and 84 percent of the tota l agricultural 

production. The majo r indigenous cereal crops grown in Ethiopia are tef, durum wheat, bar ley 

and sorghum. Tef is the most important staple food crop in Eth iopia (IBC, 2008). 
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The versatility of tef, the relatively high market price for its grain and straw make it one of the 

very few cerea l crops which play a very important role in the livel ihoods of Ethiopian fa rmers. 

Apart from its importance loca ll y, official fi gures in 1997/98 and 1998/99 indicated that 9 

mi ll ion and 14.6 mi ll ion birr, respecti vely, were obtai ned from the export o f tef. The trend 

indicates that there is a good export market for thi s crop in the Middle East, North America and 

Europe, main ly for the immigrant Eth iopians . The !BC recently signed an agreement with a 

Netherlands food company interested in commercial ization of tef products. As tef is an 

indigenous cereal to Ethiopia, most of the available genetic variation has been generated 

naturally and through crop improvement research. Germplasm collections that ex ist cover new 

and old varieti es, landraces, breeding lines and re lated wild species (!BC, 2008). 

Ethiopia is one of the major centers of diversity of grain legume crops, like fi eld pea, grass pea, 

chickpea, lentil and wi ld species of cowpea. In Ethiopia, pulses are next to cereals in terms of 

production and are cheap sources of protein. They also play an increasingly important role in the 

export market. The total allotted area for the prod uction of pulses is nearly 1.4 million ha, 

accounting for 13 percent of the total cult ivated area and I I percent of the total grain production 

(!BC, 2008). 

2.2 Cereals in human diets 

Cereals are important in human diets as a primary source of calories, of several important 

vitamins and mi nerals, and of protein. "Prote in " is the name gIven to a class of organic 

substances which are made up of linked amino acids composed of nitrogen and other e lements. 

Ami no acids are the essential bui lding materials of which a ll animals' tissues and organs are 

composed and maintained. Protein is essential to the growth and restoration of body ti ssue and is 

parti cularly im portant in the di ets of young ch il dren, pregnant and lactati ng women, and to aid 

recovery after serious illness or inj ury. There is ev idence to-suggest that serio us protein 
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deficiency in early childhood can impede brain development and learning ab ility. Different 

prote ins are composed of different combinations of amino acids. Some amino acids can be 

synthesized by living organisms from other sources of organic and inorganic nitrogen. The 

am ino acids which can be synthesized vary among di fferent higher animals. Amino ac ids 

essential to the an imals' diet which cannot be synthes ized but must be ingested as such are 

known as "essential" amino acids and must be provided in the food which is eaten. 

Human beings require at least 10 essential amino acids and when these 10 amino acids appear 

together in appropriate proportions in a single protein source, that source is described as an 

"ideal" or "perfect" source of protein. Though the protein content of cereals varies widely, for 

example on a dry weight basis, the protein content of wheat from di ffe rent sources has been 

reported to va ry from 7% to 26%; almost all cereal proteins are deficient in the essential amino 

acid lysine. The nutritional value of a cereal grain can be therefore improved by the addition of 

synthetic lysine or by the addition of a food which is ri ch in lysine. One can li st a great many 

protein foods of animal , vegetable and microbiologica l orig in which are rich in lysine and which 

might be used to supplement cereals (Hulse and Fawcett, 1975). 

2.3 Food Legumes 

The botanical fam il y Luminosac, characte rized by the fact that their seeds are contained in pods, 

is one of the largest fami lies of fl owering plants comprising nearly 700 genera and 18,000 

species . Legumes which are eaten by humans are usually called food legumes or grain legumes 

and these may be partitioned into two sub-groups, the pulses and the oi lseeds. The pulses are the 

dried edible seeds of cultivated legumes, whereas the oil seeds, as thei r name suggests, are 

sources of both ed ible oi l and protein. 

The food legumes are eaten in a wide vari ety of ways. The green seeds may be cooked as 

vegetables; they may be dri ed, parched or toasted; they may be ground into flour and cooked as 
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such or mixed with cereal flou rs; they may be fe rmented or allowed to germinate; they may be 

mod ified chemica lly or microbiologically to produce bean curds and pastes. From soybean, 

groundnut and sesame, the oil may be extracted by pressing or by solvent extraction. In many 

countries the high protein residue fo llowing oil extraction is usually fed to animals, but recen tly 

process ing methods have been developed whereby to extract high protein iso lates from the oi l­

fi'ee meal for subsequent conversion to a vari ety of ed ible fo rms. It is difficult to compare the 

cost of di ffe rent sources of protein largely because of the highly variable cost of production 

among diffe rent coun tries and d iffe rent economic systems. However, as a rough ru le of thumb, 

one can say that the cost per kilogram of utilizable protein from meat or meat by-products IS 

about 10 times the cost ofa kilo of uti lizab le protein from an edible legume. 

Food legumes are comparatively ri ch in lysine than cereals and therefore a combination of cereal 

protein and legume protein comes very close to providing an ideal source of dietary proteins for 

human beings. The nutritional complement arities of cerea ls and legumes are of extreme 

importance, particu larl y for the people of the less deve loped world (Hulse and Fawcett, 1975). 

2.4 Antinutritional factors 

Cereals and legumes are often rich In fibre-assoc iated anti-nutritio nal factors (namely phytate, 

po lypheno ls, oxalate) (Frol ich, 1995) that reduce the bioavailabil ity of minerals. The 

bioavailabi li ty of a nutrient is defi ned as the proportion of the total nutri ent content in a food , 

meal or diet that is uti lized fo r normal metabolic functions. Many mi nerals and trace elements 

are inefficiently and va riably absorbed fro m the diet, for instance iron « 1- 30%) and zinc «15-

50%). This phenomenon must be taken into consideration in the preparation of complementary 

foods in developing countries, where young chi ldren often suffer from micro-nutrient 

deficiencies, such as anem ia, caused by iron deficiency (1-1 urrell , 1997) or decreased growth rate 

due to zinc deficiency (Gi bson & Ferguson, 1998). 
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2.4.1 Class ification of the anti-nutritional factors 

The anti-nutritional facto rs in plants may be classified on the basis of their chem ical structure, 

the specific actions they bring abo ut or their biosynthetic origin (Aletor, I 999).Although thi s 

classification does not encompass all the known groups of anti-nutritional factors, it does present 

the list of those frequently found in human food s and animal feedstuffs. The anti-nutritional 

factors may be divided in to two major categori es. They are: 

(1). Proteins (such as lectins and protease inh ibitors) which are sensit ive to no rmal processlllg 

temperatures. 

(2). Other substances which are stable or resi stant to these temperatures and which include, 

among many others, polypheno li c compounds (mainly condensed tannins), non-prote in amino 

acids and galactomannan gums (Osagie,l998). 

More often than not, a s ingle plant may contain two or morc toxic compounds, generally drawn 

from the two categories, which add to the difficulties of detoxification. According to Aletor 

( 1993), there are several antinutri tio nal factors that are very significant in plants used for human 

foods and an imal feeds . They are: 

(i) Enzyme inhibito rs (tryps in and chymotlyps in inhi bitors, plasmin inh ibitors, elastase inhibitors 

( ii) Haemaglutinnins (concanava lin A, ricin) 

(ii i) P lant enzymes (u rease, lipoxygenase), 

(iv)Cyanogenic glycosides (phaseo lunatin, dhurrin, linamarin, lutaustra lin), 

(v) Goitrogens (pro-goitrins and glucosinolates), 

(vi) Oestrogens (fl avones and genistein), 

(vii) Saponins (soya sapogenin), 

(viii) Gossypol from Gossypium species e.g. cotton, 
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(ix) TalUlins (condensed and hydro lysable tannins), 

(x) Amino ac id analogues (BOAA, DAP, mimosine, N-methyl- l -alanine), 

(xi) Alka lo ids (solanine and chaconine), 

(xii) Anti-metals (phytates and oxalates), 

(x iii) Anti-vitamins (ant i-vi tamins A, 0 , E and B 12) and 

(xiv) Favism factors. 

2.4.1.1 Tannins 

TaJmins are secondary compounds of various chemical structures widely occurnng In plant 

kingdom (Francis el aI., 2001 ). They are defined as high-molecular-weight po lyphenolic 

compounds that have the abi lity to bind with protein and preserve animal hides . However, the 

term "tannin" is commonly used to refer polyphenolic compounds. Tannins are generall y divided 

into hyd rolysable (glucose polyesters of Gallic or hexahydroxydiphenic acids) and condensed 

taJmins (proanthocyanidins) (Bender, 2006; Maxson and Rooney, 1972). Their anti-nutritiona l 

effects inc lude in terference with the digestive processes ei ther by binding the enzymes or by 

binding to food components like prote ins or mi nerals. Tannins also reduce the absorption of 

vitamin B 12. Contrary to condensed tannins, the hydrolysable tannins are easily degraded in 

biologica l systems, forming smaller compounds that can enter the blood stream and over a period 

of time cause toxicity to the organs (e.g. , li ve r and kidney). Tannins are also known to interact 

with other anti-nutrients. For example, interaction between tann ins and lectins remo ved the 

inhibitory action of tannins on amylase, and interactions between tannins and cyanogeni c 

glycosides reduced the deleterious effects of the latter (Francis ef al. , 200 \ ). Condensed tann in 

levels in grass pea lines ranged from zero to 4.38 g/kg. Tan nins are strongly astringent (owing to 

thei r protein-binding properti es), a depress ion of feed intake, which lowers animal productivity, 

wou ld be expected. Although astringency seems to be the major cause of lower feed intakes, 
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several other factors may contri bute to the lower feed effici ency ratios of tannin-containing diets. 

These include the fo rmation of tannin/protein complexes that make the protein unavai lable, 

inhibition of the digestive enzymes, increased synthesis of digestive enzymes due to inadequate 

enzyme digestion, and increased loss of endogenous proteins such as the mucoproteins of the 

gastrointestinal tract (Cambell, 1997). 

2.4.1.2 Phytic acid 

Phytate is especially known as a chelating agent that reduces the bioavailability of divalent cat 

ions (Weaver & Kalman, 2002). Phytic acid (mya-inositol hexaphosphate) is a constituent of 

plants such as seeds. Phytates are the primary storage form of both phosphate and inositol in 

plant seeds and grains. Phytic acid is formed dming maturation of the plant seed. In dormant 

seeds, it represents 60- 90 % of the total phosphate. Phytate is, therefore, a common constituent 

of plant-deri ved foods (Melaku, 2005). Depending on the amount of plant-deri ved foods in the 

di et and the level of food processing, thc daily intake of phytate is estimated between 2000-

2600mg for vegetarian d iets and diets of inhabitants of rura l areas in developing countries, and 

about 150- 1400 mg for mixed diets (Greiner, 2006).Fiber rich food s, including cerea ls like 

sorghum, contain high levels of phytic acid. It is usua lly located in the outer layer of cereals 

where the fibe r is primarily concentrated . In manydeveloping countries, di ets based on legumes 

and cereals will conta in up to 600mg phytate per day ompared to 170 mg per day in North 

American diets. Phyti c acid is highest in whole-grain flours and can be decreased considerab ly 

by removing its hull (Hurrell , 2003). 

Phyt ic acid form complex compounds with cations such as z inc, iron, magnesium and calciu lll at 

phys iological pH. Phytates are complex compound between phyti c acid and cations. It is e ither 

insoluble or difficult to hydrolyze during digestion . Phytic acid inh ibits minera ls (such as iron, 

zinc) absorption by humans and other monogastric animals in a dose-dependent manner. When 
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the molar ratio of phytate: iron and phytate: zinc is above 0.15 and 15, respectively, phytate 

inhibi ts absorpt ion of minerals (Melaku ,2005). 

The antinutritional effect of phytic ac id is primarily re lated to its strong chelating ability 

withminerals and proteins. It is intern associated with its SIX reactive phosphate groups. 

Multivalent cations are particularl y susceptible and form insoluble, indigestible complexes. 

Phytates also affect enzyme activity with a negative effect for key digesti ve enzymes including 

amylase, pepsin and trypsin (Greiner, 2006).The interaction between phytate and proteins leads 

to decreased so lubility of proteins. This is due to the fact that phytic acid-protein complexes are 

less subj ected to proteolytic attack than the same protein alone. The reduced solubility of 

proteins may adverse ly affect certain fu nctional properties of prote in. Phytic acid can be 

degraded in cereal-based weaning foods by adding commercial exogenous phytases or by 

activating the nati ve phytases by a combination of soaking, germination, and fermentation 

(Hurrell , 2003). 

2.5 Processing methods 

Certain biologica l or thermal treatments, such as appertisation, allow phytate content to be 

reduced. The most effective treatments are fermentation and germination but their app lication 

remains limited because of the additiona l workload they imply or the parti cular organoleptic 

properties they induce. Soaking is a simple techno logical treatment that is often used by mothers 

to prepare complementa lY foods at home. Moreover, it can be a simple prolongation of the 

ob ligatory washing of the seeds and can also have other advantages, such as fac ili tating 

dehulling or swelling of seeds. Prev ious studies have shown that a long soak ing period before 

fermentation or germination, leads to a reduction in phytate content and to an enhancement of 

mineral HCI-extractabi lity. used to estimate mineral bioavailability (Duhan el al. , 2002; 

Sandberg & Svanberg, 199 1). 
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2.6 Production of tef in Ethiopia 

Tef'is endemic to Ethiopia and its major diversity is found only in that country as with several 

other crops, the exact date and location for the domestication oftef is unknown. However, there 

is no doubt that it is a very ancient crop in Ethiopia, where domestication took place before the 

birth of Christ. According to Ponti (1978) tef was introduced to Ethiopia well before the Semitic 

invasion of 1000 to 4000 Be. It was probably cultivated in Ethiopia even before the ancient 

introduction of emmer and barley. According to Tadesse (1975) tef seeds found by Unger (1866) 

in the Pyramid of Dashur (3359 BC) and from the ancient Jewish town ofRamses in Egypt (ca. 

1300 BC) were probably E. aegyptiaca or E. pilosa and thus are not good evidence for the 

cultivation of tef in ancient Egypt. 

Figure 2.1 Tef on farm 

15 



Tef is adapted to a wide range of climatic and agricultural conditions. It can be grown from sea 

level up to 2800 m of altitude, under different temperatures, soil conditions, and rainfal l. Tef 

grains are very small : 1000 grains weigh 0.3 - 0.4 g. Their color varies from white to dark 

brown, with the lighter the color bei ng the more expens ive (Ketema, 1997). For example, wh ite 

tef grows only in the Highlands and will thrive only under these ideal envi ronmental conditions, 

and then only through a great deal of effort. PaJticularly in poor households lef is often mixed 

with wheat because of its lower price (Piccin in , 2002). 

Tef (Eragroslis Ie/, (Zucc.) Trotter), a trad itional crop that grows very we ll under various stress 

conditions and is extensively used in Eth iopia, but little known elsewhere, is the subject of this 

monograph. Tef is an impoltant cereal crop in Ethiopia. The area under tef cultivation is over one 

million hectares of land each year. Du ri ng the 1994/95 cropping season tef occupied 32% of the 

cul tivated land under cereals, while maize occupied 19%, sorghum 16%, ba rl ey 15%, wheat 

13%, millet 4% and oats 1 % (CSA 1995); thi s is similar to previous production years and clearly 

shows the importance of tef in Ethiopia. Outside Eth iopia there is a growing interest in using tef. 

For eXaJl1 ple, smal l sca le commercial production of tef has begun in a few areas of the wheat 

belts of the USA, Canada aJld Australi a. Tef has been introduced to South Afri ca and cultivated 

as a forage crop, and in recent years cu ltivated as a ce real crop in northern Kenya. 

2.6.1 Taxonomy and Vernacular Name ofTef 

Taxonomically, tef [Eragroslis Ie/, (Zucc.) Trotter], belongs to the Kingdom - planlae, order -

Poeties, grass family- poaceae, subfamily - eragroslidae, tribe- eragrosleae,ge nus - eragroslis 

and species - E.1~f The genus Eragroslis includes about 300 species but only a few are of 

s ign ificant agricultural value (Ketema ,1993).The common vernacu lar name of the crop In 

Ethiopia is 'tef in Amharic, 'Iaafl ' in Afaan Oromoo and ' laf' in Tigrigna. 
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2.6.2 Types of Tef 

There are several varieti es of Tef, each with characteristi cs best sui ted to specific condi tions. It is 

not in the scope of thi s paper to di scuss the detai ls about all the different varieties of thi s grain. 

Although there is no unifying class ification of the tef type throughout the country, in general, 

there are three main types of tef: white, red and mixed (sergegna). Tef is the smallest grain in the 

world. Wh ite tef is the preferred type but only grows in certain regions of Ethiopia. White tef 

grows onl y in the High lands of Ethiopia, req uires the most ri gorous growi ng conditions, and is 

the most expensive form of tef. The prestige associated with consuming white tef, as well as its 

more stringent growing conditions, contributes to the increased cost of white tef. The shelf life of 

Enjera is extended with the use of white tef (Mesfin, 2004). 

Red tef is the least expensive form and the least preferred type, has the highest iron content. In 

persons living in areas of the country where consumption of red tef is most prevalent, 

hemoglobin leve ls were found to be higher with a decreased risk of anem ia related to parasitic 

infection (Mengesha, 1966). According to the studies, due to the increased health benefits 

assoc iated with high iron contents in red tef, there is more acceptance of this grain in the society. 

Today in Ethiopia, red tef is becoming more popular related to its increased iron content. 

However, few researchers indicate that the level of iron in the tef is related to the thJ'eshing of the 

grain on the so il. 

The third main type of tef, brown (mixed) tef is a mixture of both red and white tef without any 

standard propOllions from each and local ly it is cal led "mi xed" tef( Mesfin, 2004) Wholesa lers 

in the major markets divide tef into fOllr, namely; magna (very white), nech (wh ite), mixed 

(mixed between whi te and red) 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 position (Refera, 2009) . Poor 

17 



farmers usually se ll the white tef at reasonably higher prices, while buying either the mixed or 

red tef for their own consumption. Whi te tef is more expens ive than the red tef. People who can 

afford the price usuall y consume white tef or Magna tef, while the medium and poor fami lies 

consume the mixed and/or red tef. Fann ers who grow white tef often clo not consume it. Instead , 

they sell the white tef at reasonably higher pri ces and buy either the red or the mixed tef fo r 

home consumption According to the pilot study made by (Kinde Kassegne, 2009), the 

classification of tef is not uniform, what is referred (0 as magna le{(top quality) in some area of 

Ethiopia is somet imes so ld as mixed lef (medium quality) in Addis Ababa commodity market. 

Quality attributes required in tef appear to be poorly understood with little documentation of 

quality requirements for products . This introduces some arbitrariness in the comparison of prices 

at different locat ions (Ze leke, 2009). 

2.6.3 Uses of Tel' as Food 

Tef is produced only in Ethiopia as a grain crop; hence, no studies will be referred from other 

countri es experience. In Ethiopia, it is traditionally grown as a cereal crop. It provides over two­

thirds of the human nutrition in Eth iopia (Belay, 2005). The gra in is ground into flour that is 

mainly used for making popular pancake-like local bread possibly with many eyes called Enjera 

and sometimes fo r making porridge. Mixed with water and 'Ersha ', the flour is allowed to 

fe rment for a few days. 'Ersha' is starter, which is dough, saved fro m a previous fe rmentation 

and used as a starting fermentation in every new dough preparation. Enjera is then, fried into 

large flat pancakes, done on a specia lized electric stove or 'Milad ' or 'Eele ' on fi re. Enjera made 

fro m tef is traditiona lly consumed with a variety of stews such as wal, a sauce made of meat or 

ground pulses like lenti l, faba bean, fie ld pea, broad bean and chickpea. Since waf, supplements 

the lysine deficit in tef and provides a better balanced diet, the traditional way of consuming tef 
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with wol is wise. Because of its high mineral content, the need for tef grain is increasing to be 

used in mixtures with soybean, chickpea and other grains in the baby food industry (F AO, 2008). 

The grain is also used to make local alcoholic drinks, called lela or farsso and katikala. 

Nowadays, efforts are being made to discover and introduce other methods of utilizing tef 

Cooked tef is a good thickener for soups, stews, and gravies. Its mild, slightly molasses-like 

sweetness makes tef easy to include. It is also grown on a limited basis for livestock forage in 

other Rarts of Mrica, India, Australia and USA. In the U.S. small acreages of tef are grown for 

grain production and sold to Ethiopian restaurants or utilized as a late planted livestock forage 

(Belay, 200,1). 

Figure 2.2 Tef injera 

2.6.4 Nutritional status ofTef 

Tef is well known by EthioRians for its sURerior nutritional quality. It provides about two-thirds 

of the daily dietary protein intake of most Ethiopians (Besrat, 1980) .Nutritionally, whole grain 

tef Rer 100 g edible portion contains water 110 g, Energy 357.6 kcal, Protein 9.6 g, 

Carbohydrate 74.6 g ,fat 2.53 g ,fiber 2.63 .0 g, Thiamine 0.3 mg, riboflavin 0.2 mg Niacin 2.5 
\ 

mg and ascorbic acid 8'8 mg (EHNRJ ,1997). It is an excellent source of essential amino acids-
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lysine, and the amino acid that is most often deficient in grain foods. Tef contai ns more lys ine 

tha n barley, millet, and wheat and slightl y less than rice or oats and it is gluten free. Besides 

providing protei n and Calories, tef is a good source of mineral s particularly Iron. Compared with 

other cerea ls, Te{is reported to have higher iron content (EHN RI , 1997) . 

Tef is al so an excellent source of fi ber, and has many times amount of calcium, potassium and 

other essentia l minerals fo und in an equal amount of other grains. The iron content of tef has 

been controversial. The relati ve ly high val ues of iron reported in, according to some studies 

(Besrat, 1980), and is attributed to extraneous contaminants it receives from soi l duri ng threshing 

and not due to high intrinsic grain contents. Whether derived from contam ination or from 

inherent grain contents, however, the higher iron intake from consumption of tef than non-tef 

consumers is unequ ivocal (ENS, 1959). This can be confirmed from the fact that non-tef 

consumers have a lower level of hemoglobin, and hookworm anemia develops in non-tef eaters 

if they are infested with hookworm. On the other hand , since tef eaters have higher levels of 

hemoglobin in their blood, they do not suffer from hookworm anemia even when infested. 

Malaria is also frequently ' found in the groups with lower hemoglobin levels. Moreover, 

consuming tef is reported to prevent the anemia related to pregnancy (Ebba, 1969). 

When tef is used to make Enjera, a short fe rmentat ion process allows the yeast to generate more 

vitamins (ENS, 1959). Fermentation of tef fl our decreases the pH of the dough with partial 

breakdown of solub le starch. This also increases the dialyzable portions of its Fe, P and Zn 

contents. The increase in dialyzable Fe results in chance for the bioava il ability (Kinde Kassegne, 

2009) .The fermentation process increases the bioavailabi lity of meta ls. Hence, reduces iron 

deficiency anemia, among tef-Enjera consuming peoples. However, a longer durat ion of 

fermentation decreases the prote in quality of Enjera. In some regions of Ethiopia, women 

usua lly prepare Enjera by adding some fe nugreek to tef to improve its baking qua li ty. Because of 
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thi s, the Enjera becomes softer and has a shiny appearance. Thus, women should be encouraged 

to continue thi s traditional practice and be made aware that their practice not only has the benefit 

of improving the baking quality of the Enjera but al so of supplementing its protein content, 

espec ially lys ine (Ketema, 1997). 

Tef al so have appl ications for persons with Celiac Di sease. It is nearly gluten-free, and because 

of thi s gaining popularity in the whole food and Health food industry in Netherlands as an 

alternative grain for persons with gluten sensitivi ty. Celiac di sease (CD) is a multifactorial 

di sease with a strong genetic association. It is caused by a T-cell mediated immune response to 

wheat gluten. The treatment is a strict 

gluten-free diet (GFD). Symptoms include chronic diarhoea, fai lure to thri ve (in children), and 

fatigue. Celiac (Greek, coeliac -abdominal) di sease is caused by a reaction to gliadin a gluten 

prote in fo und in wheat (and similar prote ins of such as barley and rye). Upon exposure to 

gli adin , the enzyme ti ssue trans- gltaminase modifi es the protein, and the immune system cross­

reacts with the bowel ti ssue, causing an inflammatory reaction. That leads to flattening of the 

lining of the small intestine. This interferes with the absorption of nutrients because the intestinal 

villi are responsib le for absorption. The onl y effective treatment is a life long gluten-free d iet and 

tef is one of or may be the only such diet (\-I opman , 2008). 

2.7 Status offenugreek 

Fenugreek (TrigonelLa .foenul11-graecul11 L.) is an annual forage legume crop. The species name 

'Joenum-graecllll1 "means "Greek hay" indicating its use as a fo rage crop in the past. Fenugreek 

is believed to be native to the Mediterranean region (Petropoulos, 2002), but now is grown as a 

spice in most parts of the world . It is reported as a cu ltivated crop in parts of Europe, northern 

Afri ca, west and south Asia, Argentina, Canada, United States of Ameri ca (USA) and Australia 
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(Fazli and Hardman, 1968; Petropoulos, 2002). India is the leading fenugreek producing country 

in the world (Edison, 1995). 

Fenugreek is regarded as the oldest known med icinal plant in recorded hi story (Lust, 1986). Its 

seed and leaves have medicina l value, and have been used to reduce blood sugar and lower blood 

cholesterol in humans and animals (Dahanukar el 01. , 2000). In parts of Asia, the young plants 

are used as "pot herbs" and the seed as a spice or herbal medicine. Fenugreek has many features 

that wi ll benefit Canada's agri-food industry, one of them being its potenti al for use as a forage 

crop. The crop is adapted to rain-fed growi ng conditions and should grow well within the sem i­

arid regions of western Canada. It is a legume and can be incorporated into short term crop 

rotations (Moyer el 01. , 2003) to rep lenish nitrogen with in the so il. It also can produce high 

quantity (Mir el 01. , 1993) and high quality forage, can be grown for hay or sil age (Mir el 01., 

1998), does not cause bloat in cattle, and contains animal growth promoting substances such as 

diosgenin not present in other forage legumes (Mir el aI. , 1997) . 

2.7.1 O)'igin, distribution and different species 

Different authors have widely divergent opInIons about the probable ancestry of T fOel1LlIl1-

graecul11. Vavilov (1926) has suggested that fenugreek is native to the Mediterranean region , 

while De Cando lie (1964) and Fazl i and Hardman (1968) proposed an Asian origin for the crop 

and Dangi el al. (2004) suggested that T caerulea and T foe nul11-graecum both originated in 

Turkey. Confusion over the ori g ins of fenugreek led Sinskaya (1961 ) to suggest that locat ing the 

direct wild ancestor of T ./iJenul11-graecum is debatable. Indigenous species have been reported 

(Allen and Al len, 198 1; Ivimey-Cook, 1968; Petropoulos, 2002; Phitos and Dambo ldt, 1985; 

Pol un in, 1988) on the continents of Asia (6 spec ies), Europe (5 species), Africa ( I species) and 

Australi a ( I species) . Fenugreek also is reported as a cul tivated crop in parts of Europe, northern 
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Mrica, west and south Asia, North and South America and Australia (Edison, 1995; Fazli and 

Hardman, 1968; Jongebloed, 2004; Petropoulos, 2002; Rosengarten, 1969; Rouk and Mangesha, 

1963; Smith, 1982). 

Table 2.2 Distribution of fenugreek (Trigonella foenum-graecum L.) by country and continent. 

Continents Country(s) 
Europe Austria, France, Germany, Greece, Portugal, Russia, Spain, 

Switzerland, Turkey and United Kingdom (UK) 
Africa Egypt, Ethiopia, Kenya, Morocco, Sudan, Tanzania and Tunisia 
Asia China, India, Iran, Israel, Japan, Lebanon and Pakislan 
South America Argentina 
North America Canada and the United Stales 
Australia Parts of Australia 

Source: - seed production technology for fenugreek (Saikat, 2006) 

The exact number of species of fenugreek also has been debated . Petropoulos (2002) indicated 

that older taxonomists like Linnaeus have suggested that as many as 260 species of fenugreek 

exist. In contrast, about 128 species of fenugreek were reported by Vasil'chenko (1953), 97 by 

Fazli (1967) and 70 by Hector (1936), Hutchinson (J 964) and, Rouk and Mangesha (1963). A 

total of 18 different species of fenugreek (Frigonella) currently are recognized in the primary 

literature. 

Figure 2.4 Bowl of Dried fenugreek 
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Table 2.3 Common species of the Trigollel/a genus according to Petropoulos (2002). 

Genus Species 
Trigonel/a T joenullI-graeclIllI, T. anguina, T. arabiccl, T. caerll/ea, 

T cornicu/ala, T cariensis, T rigida" T sUClvissimCl, T. loru/osa, 
T. spinosa, T. po/ycemla, T. radiala, T. p/alycarpos, T hamosa, 
T. creliccl, T. ocell/la, T arcuala, and T sll'iata 

Source: - seed production technology for fenugreek (Saikat, 2006) 

2.7.2 Functional food aspects 

Composition of Fenugreek- Fenugreek has been stud ied very carefully for its composition. It 

contains abo ut 30% protein, which has a Net Protei n Uti lization value of 64, coming close to 

meat. It conta ins about 45% carbohydrates al l of which are in the form of so luble and insoluble 

fiber. It also contains minerals which are beneficial to humans. Fenugreek seed is very bitter, and 

also has a strong flavor. These are due to the two alkaloids as well as vo latile fatty acid. The 

plant uses these bi tterness and strong flavor to repel herbivorous animals that may harm the 

propagation of the species. The extracts of Fenugreek are a mixture of plant saponins and 

steroids, alkaloids such as chol ine and trigonellin , and the essential fat (Robert, 1994). 

Legume consumption is known to have a beneficial or protective effect in diabetes, 

hypercholesterolaemia and coronary heart d isease, as we ll as protecting against obes ity and 

menopause (Mazur el al., 1998; Madar and Stark, 2002) . Specialty crops like fenugreek are 

attracting the attention of producers to meet manufacturing demands for "functional food" 

additives and Natural Health Products (N HP) in Canada (Fitzpatrick, 2004). Mansour and EI-

Adawy ( 1994) reconunended that fenugreek seed could be added to foods like ground meat and 

baked goods, not only as nutritional supplements but also as a potential functiona l food. A 

summary showing studies associated with functi onal foods developed with fenugreek additi ves is 

presented in Table 2.4. 
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Table 2.4 Summary of research progress with respect to the functional food aspect of fenugreek. 

Functional food aspect of fenugreek References 
Fen ugreek seed has protei n, lip id, ce llu lose starch and ash. It is a lso Sa uvai re elal. (1976) 
reported to be rich in ca lcium, iron and P-carotene. 
Fenugreek seed endosperm is characterized by so lub le fiber. Asp inall (1980) 
Approx imate ly ha lf the dry weight of fenugreek seed has So luble 
D ieta ry Fibers (SOF), an edibl e d ietary fiber 
80 ii i ng o f fe nugreek seed results in loss 0 f crude prote i ns, tota I sugars, Isma i I ( 1996) 
ash but subsequently increases the level of crude fibers; without any 
signifi cant effect on lipid leve ls. 
Good quality wheat breads with high nutrit ional cha racterist ics and Bakr ( 1997) 
higher acceptability have been produced in Egypt by supp lementation 
of 4 % fen ugreek flou r. 
Cooking fenugreek leaves in a pressure cooker improve relention of Yadav and Sehga l 
essentia l chem ica l nutrients such as ascorbic acid and beta-carotene ( 1997) 
Fenugreek ga lactomanans as food emul s ifi ers Galri elal. ( 1997) 
Fel1l",reek seed contain suffi cient ascorbic ac id Riddochefa/ . ( 1998) 
Nutriti ona l qua lity of lact ic ac id fermented fen uoreek leaves Gupta elal. (1998) 
Fen ugreek fibers, psy llium husk and wheat bran cou ld be used as AI-K ha lidi el al. 
d ieta ry supp lements to increase roughage in the human diet ( 1999) 
Supplementation of wheat flou r with grou nd deb ittered fenugreek Sharma and C hauhan 
improves the phys icochemi ca l, nutritiona l and rheo logica l properties (2000) 
Sui tability of the development of food products based on millets, Pathak el al (2000) 
legumes and fenugreek seed in diabetic diet 
Use of corn brcad mixed with a small amount of fen ugreek (3 %) or Ga lal (200 1) 
with wheat fl our (3 0 %) is used as staple food in Egypt 
Fenugreek contai ns 23-26 % protein, 6-7 % fat and 58 % carbohydrate and - 25 % USDA (2001) 
di etary fiber. 
Properties offenu oreek mucilage and its use in ice cream as a stabili zer Ba lya n el al. (2001) 
N utriti onal va lue and phys iological properti es of fenugreek. Bi llaud and Adrian 

(200 I) 
Improvement of ox idative stab ility of raw food products li ke eggs by fe nugreek Armita"e el al. (2002) 
Fenugreek seed muci lages can be used as viscos ity bu ilders Segha l el al. (2002) 
Supplementation of fenu greek flou r in r ice bran improved the physica l and sensory Sharma and C hauhan 
properti es and quali ties of breads and cook ies (2002) 
Reduction in phytic ac id leve ls and simultaneous in vitro increase wi th respect to Bhatia and Khetrapa ul 
ca lcium and iron with higher temperature and longer (2002) 
fermentat ion durat ion in case offen ugreek suppl emented Ind ian bread 
Analysed the compos it ion of raw, soaked and germi nated seed and Hooda and Jood 
found that nutriti onal quali ty of fenugreek seed could be im proved with subsequent (2003a.) 
reduction of bitterness through process ing 
Phys io log ica l, rheo logica l and o rga noleptic characterist ics of wheatfen ugreek Hooda and Jood 
supplemented blends showed increase in protein and fat contents (2003b.) 

Source :- seed production technology for fen ugreek (Sa ikat , 2006) 
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Figure 2.6 Fenugl'eek seeds, ungl'ounded and grounded 

2,7,3 Nutmceutical pl'operties of fenugl'eek 

Fenugreek has been referred to as a medicinal herb both in Indian Ayurvedic and traditional 

Chinese medicines (Tiran, 2003). Ancient literature, religious scripture, travel records and 

anecdotes from different continents and from different periods of human history, record a wide 

variety of medicinal properties associated with fenugreek (Lust, 1986). Medicinal uses vary from 

wound-healing to bust enhancement and, from promotion of lactation in weaning mothers, to its 

use as a sex stimulant or aphrodisiac 

(petropoulos 2002; Tiran 2003). Although Fugh-Berman (2003) has suggested that there is little 

clinical evidence to support these claims, fenugreek leaves and seed have been used extensively 

to prepare extracts and powders for medicinal use (Basch et al., 2003). A number of important 

chemicals with medicinal value have been found in fenugreek seed and leaves (petropoulos, 

2002). Some of these are presented in Table 2.5. 
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Table 2.5 Fenug"eek and its associated medicinal properties. 

Medicinal properties "eported References 

Anti-diabetic and cholesterol lowering proper t ies Devi el af. (2003) 

Anti- hyperthyroidi sm Tah il ia ni and Kar (2003a) 

Against thyroxine- induced hyperglycaemia Tah ili ani and Ka r (2003b) 

Anti-cancer effects Devasena and Menon (2003) 

Gastro-protective effect Pandian el al. (2002) 

An tiox idant property Raskin el al. (2002) 

Antinociceptive property Javan elal. (1997) 

Antimicrobial property Bhattielal. ( 1996) 

Anthelmint ic property Ghafgazi el af. ( 1980) 

Anti-sterili ty and anti-androgenic effects Kamal elal. (1993) 

WOllnd hea ling property Tarana ll i and Kuppast (1996) 

Anti- inflammatory and antipyretic actions Ahm adi ani el af. (200 I) 

Source: - seed producti on technology for fenugreek (Saikat , 2006) 

In genera l, fenugreek contains tlwee important chem ica l constituents w ith med icinal value; i.e. I) 

stero idal sapogenins; 2) galactomannans and 3) iso leucine. These constituents have placed 

fenugreek among the most cO lllmonly recogn ized "nutraceutical" or health food prod ucts 

(S richam roen el al., 2005). Some medi cinal properties attrib uted to fenugreek are presented in 

Tab le 2.5. 

Steroidal sapogenins 

Fenugreek seed is an important source of steroidal sapogenins such as diosgenin which are used 

ex tensive ly by both pharmaceutical and nutraceutical industri es (Srichamroen el al. , 2005). 

Diosgenin is often used as a raw precursor for the production of steroidal drugs and hormones 
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such as testosterone, glucocOliicoids and progesterone (Fazli and Hardman, 1968; Raghuram el 

aI. , 1994; Sri chamroen el aI. , 2005), McAnuff el aI., (2002) reported that stero idal sapogenins 

are effect ive agents for the treatment of 

hypocholestero lemia, a di sorder often associated with diabetes , At present natural diosgenin is 

procured chiefly from the tubers of certain wild species of Mexican yam (Dioscorea species), 

However this process is both time consumi ng and costly, req uiring several years before the yam 

tubers grow to a size where 

they possess a suffic ient concentration of diosgenin to be used as source of commercial and 

pharmaceutical reagent (Rosser, 1985). Fenugreek may be a viable alternative for production of 

diosgenin because of its shorter growing cycle, lower production costs and, consistent yield and 

qual ity (Hardman, 1969; Petropoul os, 1973). 

Galactomanans 

Galactomannans are a major po lysaccharide species fo und in fenugreek seeds and, represent -

50% of the seed weight (Raghuram el aI., 1994). They make up an integral component of the ce ll 

wa ll s in the seed endosperm (Meier and Reid , 1977). Their structure is composed of a 1-4 linked 

J3-D-mannosyl backbone with single unit galactose side-chains, a- linked at the 0-6 oxygen. 

Fenugreek ga lactomanan is considered unique due to a I: I to 1.2: 1 ratio of ga lactose to mannose 

(G:M) molecules (Andrews el ai., 1952 ; Petropoulos, 2002).The high ratio of galactose 

substitution contributes to the hydrophilic properties assoc iated wi th the galactomannans in 

fenugreek seed and , is important in determining the overall biological va lue of the 

ga lactomannans in fenugreek (Srichamroen el aI., 2005). Fenugreek ga lactomannans appear to 

be beneficial fo r control of type 2 d iabetes in both an imals (Puri el aI. , 2002 ;) and humans 

(Madar el aI., 1988 ;) by reducing hyperglycemia in these indi vidua ls. They have a high water­

binding capacity and are ab le to form highly viscous so lutions at relatively low concentrations, 
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wh ich appear to reduce glucose absorption in the digestive tract (Raghuram el aI., 1994). 

According to Ramesh el al. (200 1) fenugreek gum (ga lactomanan) is under-exploited In our 

global food industry. 

Isoleucine 

The amino acid isoleucine is a precursor of 4-hydroxyisoleucine which is known to regulate the 

secretion of insulin in an imals (Broca el aI., 2000; Sauvaire el aI., 1998). Most hypoglycaemic 

and anti-hyperglycaemic effects of fenugreek are attributed to the gastrointestinal effect of 

dietary fiber and systemic effects of amino acids like 4-hydroxyisoleucine present in the seed 

(Madar, 1984). 
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Table2.6 Major chemical constituents of fenugreek seed and leaves. 

Broad group of Name of individual consti tuent References 
C hemicals Members 

Major polysacc harides Galactomannans (consisting of Petropou los (2002) 
ga lactose and man nose in th e 
ratio 
of I: I) 

Major steroidal D iosgen in [(25 R)-spi rost-5 -ene- Fazl i and Hardm an 
Sa poge nins 3p-ol)( Figure 2.5. 1. F); (1968); Sauvaire el 01. 

yamogenin, ti gogenin ( 199 1); Tay lor el 01. 
(F igure 2.5.1. E), neoti gogeni n, ( 1997) 
smilagenin and sarsasapogenill 

Dihydroxy steroidal Yuccagenin , g itogenin and Taylor el 01. (1997) 
sapogenins (minor Neogitogen in 
sapogen ins) 

Sp irostano l sa ponins Graecun in-B, C, D, E and G Varshney and Jain 
( 1979) 

Tr iterpeno id s Shang elal. (1998) 

N-compou nd Tr igonel l i ne (methylbetai ne Petropoulos (2002) 
deri vative of nicotinic ac id) 
(F igure 2.5.1. D) 

Flavono ids Kaemfrol, afroside, quercet in, Huang and Liang 
isoquercitrin, vilexin, isovitex in , (2000); Petropoul os 
o ri entin, and luteolin (2002) 

Iso fl avonoid Med icarpin, maacki aiall , vestitol Petropoul os (2002) 
Phytoal exi ns and sati van 

Kaempferol glycos ides Lilyn Han el 01. (200 I); 
Petropoulos (2002 

Phenol ic compou nds Scopoletin (Figure 2.5.1. C), Petropou los (2002). 
ch lorogenic, caefRe ac id s, 
pcollmaric 
acids, hymercrol11one, 
coumarin (F igure 2.5. 1. B) and 
tri&ocollmari n 

Stercal sa pogeninpeptide F enugreekine Ghosalef a/. ( 1974). 
Ester 

Source: -seed product ion techno logy fo r fenugreek (Sa ikat , 2006) 
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MATERIALS AND METHODS 

3.1 Study site 

Experiments were carried out in the Laboratory of the Food Science and N utrition Program, at 

the Science Faculty, Addis A baba University and Ethiopian Health and Nutrition Institute 

(EHNRl). Addis Ababa is the capital c ity of Ethiopia with the alti tude of 2444 m above sea level 

with a mean mUl ual rainfall of 1196mm and located 9°0 1 Nand 038°45 E. The mi nimum and 

maximum temperatures were 9.90C and 24.60C, respectively (Fissha & Olsson, 2004). 

3.2 Procurement of materials 

The bulk samp les of common ly d istributed and consumed variet ies of Tef, namely, Quncho (very white 

seeded) and fen ugreek, Cha la were obtained from Oebre Ze it Agricultural Research Center (OZARC). All 

the gra ins were cleaned, made free of dust and other foreign material s. The grain samp le of Tef was 

mill ed into \l ou r using a commercia l mill and the fenugreek seeds were grou nd to fin e powder with a mill 

(model no.: FW 100, all-purpose high-speed smash ing machille -Electr ical Grinder) to pass through 

a 0.425 I1lm sieve, and then stored in plastic containers for ana lyt ic use. 

3.3 Processing methods 

3.3.1. Soaking 

Fenugreek seeds, c leaned and freed of broken seeds, dust and other foreign materia ls, were soaked in tap 

water for 12 h at 37 Dc. A seed to water ratio of 1: 5 (w/v) was used. The unim bibed water was disca rded. 

The soaked seeds were rinsed twice in disti lled water and then dried at 55-60°C. 

3.3.2. Germination 

The soaked seeds were covered with wet clean cloth and placed in a c lean basket for 48 h at 37°C, with 

frequent water ing (2 -3 times a day) to enh ance the germ ination process. The sprouts were rinsed 

in distilled water and dried at 55-60°C. 

3.3.3. Roasting 

In dry heat treatments, whole grains were heated in a hot air oven at 11 0°c fo r an hour. 
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T he dried samples of raw, roasted, soaked and germinated seeds were ground to fine powder 

usin g All-purpose hi gh-speed smashing machine(FW 100 model)) and used for analysis. 

3.4. Preparation of blends 

Each treated (Roasted, soaked and germinated) and untreated (raw) fe nugreek seed powder were 

blended separately with tef fl our at four different leve ls namely, 5%, 10%, 15% and 20% as 

illustrated below in Tab le 3.1. 

Table 3.1 Blend proporti on 

Ingred ients 0% 

Tef raw fenugreek 100:0 

Tefroasted fenugreek 100:0 

Tefsoaked fen ugreek 100:0 

Tefgenninated fenugreek 100:0 

3.5 Preparation of injera 

5% 

95:5 

95:5 

95:5 

95:5 

Blend proportions 

10% 

90: 10 

90: 10 

90: 10 

90: 10 

15% 20% 

85: 15 80:20 

85: 15 80:20 

85: I 5 80:20 

85: 15 80:20 

Preparation o f injera was carried out using pure Tef flour sample as control and blendes of 

fenugreek seed flours. One control (whole Tef) and sixteen fe nugreek blended injera were baked 

accordi ng to the traditional practices in Ethiopia where, the flour was fermented for three days 

then made in to injera, sourdough type fl at bread. T he overal l procedures fo ll owed to prepare 

injera were summari zed in Fig 3. 1. 
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Add culture from I)revious 
fermentation (on a 5%. nour 
weight basis) 

Decorticated Fine Tef /701/r 

il 
Mix nour with water 

(200 g nour + 180 ml water) 
Knead for 5 minutes 

L--------,> 

Ferment for 48 hours at ambient 
Temperature (25"C) 

D 
Gelatinize a portion of the fermented dough 

(80 g) in 200 ml boiling water 

J} 
Add back gelatinized dough at 45 "C 
Add water (180 ml) to make batter 

D 
Allow to stand until batter bubbles and foams 

(2-3 h) 

D 
Discharge about 500 ml of the batter in a circular 

manner on hot clay griddle "mitad" and bake 
covered for about 1 min. 

!} 
Injera 

Figure 3.1 Flow chart for injera making 
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3.6 Proximate composition determination 

Proximate chemical analyses of all the samples were done according to AOAC (2000), and total 

carbohydrate was calculated by difference. Brief descript ion of methods is given in the following 

sub sections. 

3.6.1 Dctcrmination of moisture contcnt 

Moisture of the seed flours and injera were determined according to AOAC (2000) using the 

official method 92S.09. A crucible was dried in an oven at 10SoC for I h and placed in 

desiccators to cool. The weight of the cruc ible (WI) was determined. S.OOOOg Sample was 

weighed in the dry crucible (W2) dried at 10SoC for 3 h and after cooling in desiccators to r00111 

temperature it was again weighed (W3). The moisture content was determined using Eq. ( I). 

Moisture content in percent (%) = ( W, - W3 ) x 100 
W, - If', 

3.6.2 Crudc protein 

(1) 

Protein content was determined according to AOAC (2000) using the official method 979.09. 

Digestiol1: About O.SOOO g of fresh samples was taken in a Tecator tube and 6ml of concentrated 

su lfuric acid (AR) was added and mixed, and 3.S 1111 of 30% hydrogen peroxide was added step 

by step. As soon as the violent reaction had ceased, the tubes were shaken and placed back to the 

rack. Three gram of catalyst (a mixture of copper sulphate pent hydrate and potassium sulphate) 

was added and left for IS min. The mixture was digested in a digest stove (HYP-I008 eight 

holes) at 370°C for 4h. The digestion was continued until a clear so lution was obta ined .The 

tubes in the rack were cooled in a fume hood; 2Sml of di stilled water was added, and shaken to 

avoid prec ipitation of sulfate in the so lution. 
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Distillatioll alld titration: The digested and diluted sample solution was di still ed using boric acid 

and the disti ll ate was titrated using 0.1 N Hydrochloric acid until reddish co lor is appeared (T. 

Manual, 1979). The crude protein was determined using Eg. (2). 

Where: 

V IICL inL x N HCL (ca.O.I) x 14.00 x 100 
Nitrogen (%) = --'""'----""-"-'------'----- -

Wo 

Prote in (%) = 6.25 x % Nitrogen 

V is volume ofHCI in L consumed to the end point of titration, 

N is the normality ofHCI (used often is 0.1 N), 

Wo is sample we ight on dry matter basis and 14.00 is the molecular weight of nitrogen. 

(2) 

The % of nitrogen is converted to % of protein by using appropriate conversion factor (% protein 

= 6.25 x % N for hoth the tef and fenugreek). 

3.6.3 Determination of crude fat 

The crude fat was extracted according to AOAC (2000) official method 4.5.01.The cleaned flask 

(cylinder) and boiling chips were dri ed in the drying oven at 100°C for I h, cooled in the 

desiccators for 30min and weighed(W 1). Two grams of sample was weighed (W) in thimble 

containing fat free cotton. The thimbles were placed in the thimble holders, 50ml of Diethyl 

ether was poured in the flask, the thimble was immersed in the solvent (in the flask) and heated 

at 55°C in the fat determinator (SZC-C fat detenninator) for I h, hanged the thimble and heated at 

the same temperature for 2hs and then the so lvent was recovered for 15 min. The heater was 

switched off, the flask was dried in the drying oven at 70°C for 30 min, cooled in the desiccators 

for 15 min and then weighed the flask with the ex tract(W2). The crude fat was determined using 

Eg. (3). 
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Crude fat , percent by weight = 2 'x 1 00 · (W -WJ 
W 

(3) 

Where : WI = weight of the extraction flask (g) 

W2 = weight of the extraction flask plus the dri ed crude fat (g) 

W = weight of sample (g) 

3.6.4 Determination of ash content 

The ash content was determined by AOAC (2000) using the official method 923.03.The cleaned 

crucibles were dried in a muffle fu rnace at 550°C for 1 h and cooled in desiccators for 30 min and 

weighed to the nearest milligram (MI) . About 2.5000 g of fresh sample was placed in d ish and 

weighed (M, ). Dishes were placed on a hot plate under a fume-hood and the temperature was 

slowly increased until smoking ceases and the samples become thoroughly charred . The dishes 

with sample were placed inside the muffle furnace at 550°C for 5 hs and cooled in desiccators for 

I h. The ash was clean and white in appearance. When cooled to room temperature, each dish 

with ash was reweighed to the nearest mi ll igram (M3). The Ash content was determined using 

Eq. (4). 

Total Ash (%) = 3 'x I 00 (/vi -/vi) 
/vI,-M, 

(4) 

Where: (M,-M I) is sample mass in g on dry base and (MrMI) mass of ash in g 
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3.6.5 Deter'mination of crude fiber 

Crude fiber analysis was conducted using the method of AOAC (2000) offic ial method. 

Digestiol1: About 1.7000 g of fresh sample (W3) was placed into a 600 ml beaker; 200 ml of 

] .25% ]-]2S04 was added, and boi led gently fo r 30 minutes while watch glass was placed over the 

mouth of the beaker. During boi ling, the level of the sample so lution was kept constant with hot 

distill ed water. After exactly 30 min heating, 20 ml of 28% KOH was added and boiled gently 

for further 30 min, with occasional stirring. 

Filtratiol1: The bottom of a sintered glass crucible was covered with 10mm sand layer and 

wetted with d isti lled water. The solution was poured into sintered glass crucible and filtered with 

the aid of vacuum pump (High Performance Vacuum Pump, Robin Ai r way, SPX Corporation, 

Montplier, USA). The wall of the beaker was rinsed with hot di stilled water several times; 

washi ngs was transferred to the crucible and fi ltered. 

Was/lillg: The residue in the crucible was washed with hot d isti lled water and filtered (repeated 

twice). The res idue was washed with 1% H2S0 4 and fi ltered, and then washed with hot di stilled 

water and filtered; and again washed with 1% NaOH and filtered. The residue was washed wi th 

hot distilled water and fi ltered; and again washed with 1% H2S0 4 and fi ltered. Finally the res idue 

was washed with water- free acetone. 

DIJ1illg alld combustiol1 : The crucible with its content was dried in a drying oven for 2 h at 

130°C and cooled fo r 30 min in a desiccators (with granular silica gel), and then weighed (W I)' 

The crucible was transferred to muffle furnace and heated for 30 min at 550°C. The crucible was 

cooled in desiccators and weighed (W2). The crude fiber was determined using Eg. (5). 
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Crude fiber g/ IOOg= [(W I-W2) x100j/W3 (5) 

Where: - WI = weight of crucib le with sample after dryi ng 

W2 = weight of crucible with sample after ashing 

W3 = fresh sample weight 

3.6.6 Detet'mination of nude carbohydrate:- The crude carbohydrate was calcu lated by 

difference. The mathemat ical expression is as Follow (eq.6). 

%C = I OO-[%M+%P+%F+%Fb+%A j (6) 

Where: 

C-Carbohydrate content, M-Moisture content, P- crude Prote in content, F- crude Fat content, Fb­

crude Fiber content and A-Ash content. 

3.6.7 G,'oss energy (in Kcal) 

Gross energy was ca lculated according to Osborne and Voogt (1978): 

The gross energy content of the sample was ca lcu lated as follow: 

Gross energy (%) = (9xcruc1e fat %)+( 4x crude protein %)+( 4x crude ca rbohydrate %) (7) 

3.7 Determination of minerals 

Calcium, zinc and iron were determined using atomic absorption spectrophotometer method of 

Osborne and Voogt (1978). The ash obtained after dry ashing at 550°C was treated with 5 ml of 

6N HCI to wet it complete ly and carefully dried on a low temperature hot plate. 7 ml of 3N HCI 

was added and the di sh was heated on the hot plate until the so lution just boils. Then, it has been 

cooled and filtered through a filter paper in to a 50ml vo lumetri c fl ask. Aga in 7 ml of 3N HCI 

was added to the di sh and heated until the solution just bo il s . Finally, coo led and filtered into the 

vo lumetric flask. For the determination of calci um, lanthanum chloride ( I % w/v) was added to 
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both standards and samples to suppress interference from phosphorus. Using atomic absorption 

spectrophotometer (Vari an, spectra- l 0/20, Australi a) a cal ibration curve was prepared by 

plotting the absorption or emission va lues aga inst the metal concentration in mgl l OOg. Reading 

was taken from the graph, which depicted the metal concentrations that correspond to the 

absorption or em ission values of the samples and the blank. The meta l contents were calculated 

by using the fo rmula eq.8 

Where, 

Meta l content (mg/ l OOg) = [(A-B) xV] 
lOW 

W = weight of samples (g) 

V = vo lume of ex tract (ml) 

A = concentration of sample solu tion (Ilg/ml) 

B = concentration of blank solution (~Lglml) 

3.8 Determination of anti-nutritional factors 

3.8.1 Determination of phytic acid 

(8) 

Phytic acid was determined by using Latta and Esk in (1980) as modified by Vaintraub and 

Lapteva ( 1988). About 1 g of sample was extracted with 10 ml 2.4% HCl fo r 1h at an ambient 

temperatu re and centri fuged (3000 rpm/30min) (NOve, bench-top centrifuge, NF 800R, 200 1, 

Ankara, Turk). The supernatant was used for phytate esti mation. About 2 ml of Wade reagent 

(0.03% solution of FeCb.6H20 containing 0.3% sulfosa li cylic acid in water) was added to 3 ml 

of the sample so lution and centrifuged. The absorbance at 500 nm was read using 

spectrophotometer (BECKMAN, DU-64, Japan). The phytate concentration was calculated from 

the d ifference between the abso rbance of the control (3ml of water + I m1 of Wade reagent) and 

that of assayed sample. The concentration of phytate was ca lculated using phytic ac id standard 

curve (by prepari ng a se ries of standard so lution contai ni ng 3.9, 7.8, 15.5 , 23.4, 31.2 and 39 
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~lg/ml phytic acid in 0.2 N HCI) using water to zero the spectrophotometer, and results were 

expressed as of phytic ac ids in mg/ I OOgm dry weight by the following formula. 

Phytic acid (ug/g) = Absorb-Intercept (lQ) 
Slope x Density x wt. sample 3 

Where, Abso= Absorbance 
Density= density of the solvent 

3.8.2 Determination of tannin 

The amount of condensed tanni n was determined by the Vani llin assay of Burns (1971) as 

modified by Maxson and Rooney (1972). About Ig of sample was weighed, extracted with 10ml 

1 % Hel in methanol , at room temperature in mechanical shaker for 24 h. The mixture was 

centrifuge at 1000G for 10 min. Iml supernatant was mixed with Sml ofvanill in-I-ICI reagent in 

another test tube . When the reaction was completed (after 20 min), the absorbance was read at 

SOOnm using spectrophotometer (BECKMAN, DU-64, Japan). Dcatechen was used as standard 

value of tannin in mg D-catechen per gram of sample. 40mg D-catechen was dissolved in 100ml 

of 1 %HCI in methanol and from thi s 0, 0.2, 0.4, 0.6, 0.8 and Iml was taken in a test tube and the 

vo lume was adjusted to Iml with 1 % I-ICI in methanol. Sml of vanillin-HCI reagent in each test 

tube was added. After 20 min the absorbance was read at 500nm.The absorbance of the blank 

was subtracted from the absorbance of the correspond ing vanillin-containing sample. A standard 

curve has been constructed (Absorbance vs . D-catechin) and the linear portion of the curve was 

extrapolated to produce the standard curve. Finally, the tannin contents were calculated. Values 

of tannins were ex pressed in mi ll igram of D-catechin equ ivalent pel' gram of sample by the 

fo llowing formul a. 

Tannin (mg/ l OOg) = Absorb-Intercept (Dilution factor) 
Slope x Density x wt.sample 
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3.9 Sensory evaluation 

The organoleptic characteristics of injera made from blended Tef flours (were evaluated usi ng a 

taste panel, consisting of 10 judge. The paneli sts were selected from the staff and students of 

Food Science and Nutrition program. 

The panelists were instructed about the purpose and objective of the test, so the selection of 

pane li sts were based on bas ic requirements of a panelist, such as ava ilabil ity for the entire period 

of evaluation, interest and will ing to serve. The hea lth status of the panel ists was also considered 

during paneli st selection (not suffering from colds and allergy that affect their sensi tiv ity to the 

product). 

Panelists were asked to rinse their mouth with tap water that was provided to them, before the 

next serving. The conta iners with the samples were coded. 

The panel ists were asked to rank the injera on the basis of appearance, color, taste, fl avo r, odor 

and texture using a nine point hedonic scale, (where I = dislike extremely and 9 = like 

ex tremely). Overall acceptabi lity of the samples were also rated on the same scale with 9 = 

extremely acceptable and I = extremely unacceptable (Inyang and ldoko , 2006). 

The sensory evaluation was conducted between 3:00 and 4:00 pm, duri ng which panelists were 

neither too satisfied nor too hungry, ass uming that they had their lunch. 

3.10 Data analysis 

The effect of blend proportion and processll1g methods on the qua li ty of the product were 

analyzed with two factors ANOYA. When P values were found significant (P < 0.05), the means 

of each parameter were compared using the least significant differences (LSD) procedures of the 

SPSS, version 16 for windows. And also multiple compari son procedure of the treatment means 

was performed by Duncan's new multiple range tests. 
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RESULT AND DISCUSSION 

4.1. Proximate analysis results of treated, untreated fenugreek and tef flour 

4.1.1 Moisture content 
In the present study, mean moisture content of the treatments ranged fro m 6.4-S. I 6gIJ DOg 

respectively for roasted fenugreek and germinated fe nugreek (Table 4. 1.1 ). The mean moisture 

content of the raw fenugreek was (7.45 gi l ~Og), which is in agreement with the finding of EHNRI 

( 199S).The moisture content of germ inated fenugreek fl our gave sign ificantly (p<O.05) higher 

mean followed by raw fe nugreek which also significantl y differed from roasted fenugreek. 

However, moisture content of the raw and soaked flo ur samples varied sli ghtly significantly 

(P>O.05). A ll the treatments except raw grains we re subjected to drying operation in order to prepare 

fl our fo r later use. Thi s drying resulted in the fl ours with moisture content even less than the original 

raw flour. The relative increment of moisture content of germinated fenugreek sample may be 

attributed to a variation in the treatment during the drying process of the samples. 

Table 4.1.1 proximate analysis results of treated, untreated fenugreek and teftlour (On dry matter basis) 

Treatments Moisture Protein Fat Crude Fiber Total ash CHO Energy 
(gi iOOg) (gi IOOg) (gi IOOg) (gi IOOg) (gi IOOg) (gi iOOg) (Kcalll 00 g) 

Tef 10.96±0.07' 9. I 9±0.06' 3.09±0.0 Id 4.S9±0.06' 2.23±0.0 I' 69.66±0.OS" 343. IS±0. IS' 

RwF 7.4S±0. 10' d 30 .SS±0.4S" 8.33±O.47c 9.08±0.02" 3.33±0.1 6" 41 .27±0.68" 362 .26±3.33u 

RaF 6.40±0.36' 29.90±0. 12b 10.SS±0.02" 9.12± 0.03" 3.29±0.OS" 35.42±0.40d 358.98±0.97'" 

SF 7.03±0. 14" 30AO±0.28" 8.S2±0.0 I' 9.S4±0.03" 2.67±0.04" 39.3 1 ±OAI ' 355.53±0.S9' 

GF S. 16±0.15" 3IAI ±OAI ' 9.S3±0.30" 12.07±0.04" 2.11 ±0.13' 39.26±0.94' 368A7± 1.44" 

AllY two means in the same column not foll owed by the same letters are sign ificantly di fferent (P<O.OS). 

NB: T-tef, RwF-raw fen ugreek, RaF-roasted fenugreek, SF-soaked fenugreek , OF-germinated 
fenugreek and values are Mean±SE 
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4.1.2 Crude protein 
The mean crude protein content of the treatments ranged from 29.90-3 1.4 I g/l OOg for roasted 

fenugreek and germinated fenugreek respectively (Table 4.1.1). Cru de protein content of raw 

fen ugreek was (30.55g/l OOg), whi ch is in close agreement with the fi nding of EHNRl ( 1998) that is 

(28 .90 g/lOOg). Ro bert ( 1994) also reported that the raw fenugreek conta ined 30 g/ IOOg crude 

protei n. The crude protein content of germinated fenugreek flour gave sign ificantl y (p<0.05) 

higher mean than that of raw, roasted and soaked fen ugreek. However, moisture content of the 

ra w, roasted and soaked fl our samples varied sl ightly signifi cant ly (P>0.05). The results obtained 

were in agreement with those obtained with kidney bean (Alonso ef al., 2000) and mungbean 

(Mubarek, 2005). Germi nation has been shown to increase protein content of legu mes (Kylen and 

McCready, 1975; Fordham el 01. , 1975). The increase in protein duri ng germ ination was due to the 

release of free amino acids after enzymatic hydro lysis for the synthesis of new protein (Bliss, 1975 ). 

Morgan ef a!. , (1992) found that the protein content of sprouts increased from the time of 

germination, the absorption of nitrates facilitates the metabo li sm of nitrogenous compounds fro m 

carbohydrate reserves, thus increasing crude protein levels . However roasting and soaking of 

fenug reek caused sli ght reducti on in crude protein leve l. The crude protein content during roasting 

and soaking was found to be 29.90 % and 30.40%, respectively. Loss of crucie protein in heat 

treated grain could be due to the denaturation and degradation of protein. Reduction in crude 

protein content with respect to soaking treatments might be due to the leaching out of low 

molecu lar weight nitrogen compounds in to the leachate as suggested by Sharma and Kapoor 

( 1997). 

4.1.3 Crude fat 
Effect of treatments on fat content of fenug reek fl our is presented in Tab les 4. 1.1. It ra nged from 

8.33- 1 0.85g1 1 OOg for raw and roasted fenugreek respectively (Table 4 .1.1 ).The fat content of raw 

fe nugreek was (8.33 g/ IOOg) , which is in close agreement with the fi nding of EHNRI ( 1998) 
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(7.2g1100g). The fat content of roasted fenugreek flour gave sign ificantly (p<0.05) higher mean 

followed by germinated fenugreek which also s ignificantly differed from untreated fenugreek, 

and soaked fenugreek. However, moi sture content of the raw and soaked fl our samples vari ed 

sli ghtly sign ificant ly (P>0.05) . Change in the fat content by roasting and ge rmination were 

significant (1'<0.05). Si milar resul t was reported on African locust bean by Esenwah and 

lkenebomeh (2008). The increased result might be due to roasting and germ ination of the sample 

that led to the cleavage of the protein-lipid or carbohydrate- li pid linkages, there by faci litating 

the easy extraction of the oil by the extracting so lvent (Esenwah and Ikenebomeh, 2008). 

Soaking processes have negligible effect on crude fat content of the legume flours. 

4.1.4 C"ude fibre 

The re sult of of treatments effects on the crude fib re of fenugreek is shown in Tab les 4. 1. 1. It was 

ranged from 9.08-12.07g11 OOg for raw and germinated fenugreek respectively. The crude fibre 

content of germinated fe nugreek fl our gave sign ificantly (p< 0.05) higher mean than that of raw, 

roasted and soaked fenugreek. There was no signifi cant change in al l the treatments except fo r 

germinat ion. It may be att ri buted to the fact that ge rminatio n stimulates the synthesi s of more ce ll 

wa ll mate ri als to support the roots thereby increases the fibre contents (Akubar and Obiegbuna, 

1999). In soaki ng and roasting treatments there was no change in the amount of inso luble and non 

digest ibl e material s and the refore there was no signifi cant variat ion in terms of erude fibre content 

(Milik el 01. , 2002). 

4.1.5 Total ash content 

Effect of treatments on ash content of fen ugreek flou r is presented in Tab les 4. 1.1. It ranged fro m 

2. 11 -3.3 3(g/J ~Og) for ge rminated and raw fenugreek respective ly. The total ash content of raw 

fenugreek was 3.33 gl i OOg, which is in agreement with the finding of EHNR I ( 1998) (3.6g/ 100g). 

The ash content of raw fe nugreek flour gave significantl y (p< 0.05) higher mean followed by 
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roasted fenugreek which al so sign ifi cantly differed from soaked and germi nated fenugreek. 

However, ash content of the raw and roasted fenugreek fl our samples va ri ed s li ghtl y significantl y 

(P>0.05) . The resu lt showed that ash content of the soaked and germinated samples was 2.67% 

and2.1 1 % respect ive ly. It is lower than the raw and roasted flours 3.33% and 3.29% respective ly. 

The leach ing of mineral s from the seeds during soaking could be the reason. It was observed that the 

legumes contained a large portion of water so luble ash whi ch has the tendency to leach out durin g 

hyd ro processing of seeds (Esenwah and lkenebomeh, 2008). Loss in ash might be due to leach ing 

of solub le inorgan ic salts into the processing water durin g the soaking of the sample (Esenwah 

and lkenebomeh, 2008). 

4.1.6 Crude carbohydrate 

The mean crude carbohydrate content of the treatments ranged from 35.42-4 1.27g/ I OOg fo r roasted 

fenugreek and raw fenugreek respectively (Table 4.1.1). The present finding is consistent with the finding 

of Hooda and lood (2002) who reported the range to be from 43.74 to 38.83. The carbohyd rate content of 

raw fenugreek fl our gave sign ificantly (p<0.05) higher mean followed by soaked and ge rmi nated 

fe nugreek which significantly differed from roasted fenugreek. However, carbohydrate content of th e 

soaked and germinated fl our samples varied with slight significance (P>0.05).Loss in carbohydrate 

during soaking and then germinating might be due to leaching of soluble carbohydrates like 

sugars into the soaking water. The increase recorded in the crude prote in and ether extract may 

be due to the reduct ion in the carbohydrate content and may be regarded as apparent increase in 

both the protein and fat contents to complement the decrease in carbohydrate Esenwah and 

Ikenebomeh (2008). 

4.1.7 Gross energy 

The result of of treatments effects on gross energy of fenugreek is shown in Tab les 4 .1 .1. It was 

ranged from 355 .53-368.47 KcalIJOOg for soaked and germinated fenugreek respective ly 
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(Table4.1.1 ). The mean gross energy content of raw fe nugreek was 362 .26 Kcal! IOOg, which is in 

agreement with the find ing of EHNRI ( 1998) (360 KcaI/ IOOg).The Gross energy of germinated 

fe nugreek fl our gave s ignificantly (p<0.05) higher mean followed by raw fenugreek which 

significantly differed from soaked fenugreek. There was no significant difference (P>0.05) in the 

gross energy content of roasted and raw fenugreek. 

The proximate composition of tef flour is given in table 4. 1. 1. The moisture, protein, fa t and ash 

contents of tef fl our were found to be 10.96, 9.19, 3.09 and 2.23 (g/1 ~Og) respectively. These are 

in agreement with the fi nding of EHNRI (1 998) (10.90, 9.30, 2.4 and2.4 g/1 ~Og) respectively. 

However, EHNRJ reported much lesser fiber values (2g/1 ~Og). The variations in fiber content 

may be attributed to the variety differences. 

Accordi ng to the results in Table 4. 1.1, tef fl our compared to fenugreek flour was found to have 

lower in al l chemical compositions except moisture content, which agrees with the fi nding of 

Bahnassey et aI. , ( 1986). Comparison of chemical composition of legume flo urs and their 

concentrates with semolina showed that all legume flo urs conta ined s ignifi cantly higher protein, 

ash, fiber and fat contents than the semoli na. 

4.2 Sensory characteristics 

The effects of fe nugreek supplementation on the sensory characteristics of injera are presented in 

Tables 4.2.1, 4.2.2 and 4.2.3. With the increase in the level of fenugreek flour (raw, roasted, 

soaked and germinated) in fo rmulation, the sensory scores for appearance, co lor, taste, odor, 

tex ture and overall acceptabili ty of inj era decreased sharp ly. This might be due to the bitter taste 

of fenugreek. Similar observation with supplementation of fenugreek (Hooda and Jood, 2005) 

with wheat fl our was also reported. 
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Table 4.2.1 Effect of blendi ng rat io on sensory characteristics of supp lemented inj era 

Blend Appearance color Taste Odor Texture Over all 
eroportion Acceet. 
( 100%) Tef S.30±0.10' 8.3 0±0.07" 8.S0±0.OS' S.SO±O.OS' S.40±0.1 1" S.40±0.OS' 

S% FB 7.23±0.19b 7.40±0.19b 6. S3±0.28b 7.03±0. 22b 7.1 S±O.22b 7. 13±0.22b 

10% FB 4.7S±0.34' S.23±0.3 1' 4.3 0±0. 29' 4.7S±0. 3 1' 4.70±OJ2' 4. 7S±0.29' 

IS% FB 2.78±OJ Od 2.4S±OJ4d 2.1 0±0.23 d 2. IS±0.28d 2.S8±0.3 Id 2.4S±0.27d 

20% FB 2.20±0.21 ' 1.93±0.2S' 1.78±0.19d I.S3±0.2Sd 2. IS±0.26d 2.0S±0.20d 

Any two means in the same colulllll not fo ll owed by the same letters are significantly different (P<O.05). 

T he sensory qual ity of injera (Appearance, color, taste, odor texture and over all acceptabili ty) 

were slightly increase with the supplementation of treated (soaked and germinated) fenugreek 

than untreated (raw) fenugreek supplemented injera. However, the sensory qual ity of roasted 

fenugreek supp lemented inj era was decrease. 

Table 4.2.2 Effect of process ing on sensory characterist ics of supplemented inj era 

Blend Appearance co lor Taste Odor Textu re O ver all 
proeort ion Accept. 
RwF B 4.56±O.39' 4.78±OAOb 4. 38±OA Ob 4.64±OA 2b 4.62±OA1 b 4.54±OA Ob

' 

Ra FB 4 06±OA1 d 3.92±OA5' 3.78±OA3' 3.92±OA5' 3.98±OA2' 4 .16±OA1 ' 

SFB 4.98±OA2b 4.86±OA7b 4.56±OA4b 4.62±OA6b 4.96±OA 3b 4.94±OA2b 

GFB 6.60±O.30' 6.70±O.27' 5.84±O.35' 6.32±O.32' 6A4±O.32' 6.20±O.34' 

Any two means in the same column not fo llowed by the same letters are signifi cantly different (P<O.05). 

As it can be seen from the above tables (4.2 .1 and 4.2.2), sensory qua li ty of the supplemented 

injera has been observed to be significant ly affected by both processing and blend proportion. 

From the overa ll acceptab ility rating, it was concluded that fenugreek fl our could be incorporated 

up to 5% leve l in all treated and untreated fenugreek fl our and 10% level fo r soaked and 

germi nated fenugreek fl our in the fo rmu lation of injera without affecting their sensory quality. 
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Table 4.2.3. Effect oFprocessing*blend ing on sensory characteristics of supplemented injera 

Treat &BP appearance col or taste odor texture Overa ll accp. 
control 8. 3±0.29 8.3±0.28 8.5±0.36 8.6±0.34 8.4±0.36 8.4±0. 34 
T:RwF 

95:5 7.0±0.29 7.3±0.28 5.7±0.36 6.8±0.34 7.3±O.36 7.5±0.34 
90:10 3.5±0.29 4.7±0.28 2.3±0.36 4.4±0.34 3.8±0.36 7.0±0.34 
85: 15 20±0.29 2.0±0.28 1.2±0.36 2.0±0.34 1.9±0. 36 5.3±O. 34 
80:20 20±0.29 1.6±0.28 1.2±0.36 1.4±0.34 1.7±0.36 4.0±0.34 
T: RaF 
95:5 6. 3±0.29 6.5±0.28 5.7±0.36 6.2±0.34 6.0±0.36 6. 1±0.34 

90: 10 2.5±0.29 2.8±0.28 2.3±0.36 2.8±0.34 2.5±0.36 3. 1±0.34 
85: 15 1.6±0.29 1.0±0.28 1.2±0.36 1.0±0.34 1.5±0.36 1.6±0. 34 
80 :20 1.6±0.29 1.0±0.28 1.2±0.36 1. 0±0.34 1.5±0.36 1.6±0. 34 
T:SF 
95:5 7.7±0.29 8.0±0.28 6.6±0. 36 7.5±0.34 7.8±0.36 7.6±0.34 

90: 10 5.6±0.29 6.0±0.28 5.3±0.36 5.0±0.34 5.5±0.36 5.5±0.34 
85: 15 1.7±0.29 1.0±0.28 1.2±0.36 1.0±0.34 1.6±0.36 1.6±0. 34 
80:20 1.6±0.29 1.0±0.28 1.2±0.36 1.0±0.34 1.5±0.36 1.6±0.34 
T:GF 
95:5 7.9±0.29 7.8±0.28 7.6±0.36 7.6±0.34 7.5±0.36 7.9±0.34 

90:10 7.4±0.29 7.4±0.28 6. 1±0.36 6.8±0.34 7.0±0.36 6.7±0.34 
85: 15 5.8±0.29 5.9±0.28 4.0±0.36 4.7±0.34 5.3±0.36 4.6±0.34 
80:20 3.6±0.29 4. 1±0.28 3.0±0.36 3.9±0.34 4.0±0.36 3.4±0. 34 

As it can be seen from tab le 4.2.3 , the control samples had maximum overall acceptability, 

whereas inj era containing 15% and 20% soaked and germinated fenugreek flours ,injera contains 

10%, 15% and 20% raw and roasted fenugreek fl our were fo und to be unacceptable to the 

panelists. The overa ll acceptabil ity score for control was 8.40 on a 9-point hedonic sca le. Injera 

made from blends containing 5% level of all fenugreek flours were acceptable. At 15% and 20% 

levels of substitution, the overall acceptab ili ty was rated as poor. The germinated fenugreek 

flour-supplemented injera performed better than the other fenugreek-supplemented injera 

fo llowed by soaked fe nugreek flo ur supplemented injera. Simi lar observations with 

supplementation of soy flour (Dhingra & l ood, 200 1; Singh el al., 1996), bengal gram flour 

(Patel & Rao, 1996) and wheat bran (Sharma & Chauhan, 2002) with wheat flou r were also 

reported. 
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4.3 Proximate analysis of control and supplemented injera 

4.3.1 Moisture contcnt 
In the present study, mean moisture content of the blended injera ragnged fro m 6.32-6.78gl1 OOg 

respect ive ly with leve ls of control and 10% blends (Table 4.3.1). The moisture content of 10% 

blended injera gave sign ificantly (p<0.05) higher mean fo llowed by 5% blended injera which 

also signi fi cantly differed from control injera. The present find ing is consistent with the finding of 

Shalini and Sudesh (2005), also reported that the slight increase in moisture content of fenugreek 

fortified biscuits. It might be due to the higher water binding capacity of fenugreek flour used. 

Moisture content of the treatments ranged from 6.21-7.02 (gil OOg) respectively for germinated 

and soaked fenugreek supplemented inj era(Table 4.3.2).The moisture content of soaked 

fenugreek supplemented injera gave significantl y (p<0.05) higher mean followed by raw 

fenugreek supplemented injera which also significantly differed from roasted and germinated 

fenugreek supplemented injera. The relative difference of moisture content may be attributed due 

to a variat ion in the treatment during the drying process of the samples. 

Table 4.3. 1 Effect of blending ratio on proximate composition of injera 

Blend Moisture Protein Fat Fiber Total ash CHO Energy 
Prop. (giIOOg) (gi IOOg) (gi IOOg) (giIOOg) (giIOOg) (gi IOOg) (Kca lll 00 g) 

IOO%Tej 6.32±O.02' 9.08±O.13' 3.26±0.03b 1.61 ±O.O3 ' 2.57±O.00' n.15±O. 12' 375.26±O.O9' 

5%FB 6.63±O. 14b 9.43±O. 1 I b 3.73±O.17b 2.94±O.23 b 2.50±O.03 b 74.80±O.20b 370.45± 1.82b 

IO%FB 6.78±O.33' IO.42±0.22' 3.65±o.25' 3.20±O.20' 2.48±0.03 b 73.57±O.60' 368.78±2.03' 

Any two means in the same colum ll not followed by the same letters are significant ly different (P<O.05). 

4.3.2 Protein 

The mean protein conlcnt of the blended injera ranged from 9.0B-10.42(g/ 100g) respective ly with levels 

of control and 10% blends (Table 4.3.1). The protein content of 10% blended injera gave 
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significantly (p<O.05) higher mean fo llowed by 5% blended injera which also signifi cantly 

differed from control injera. Similarly Sharma and Chauhan (2000) al so reported significantl y (P 

< 0.05) higher protein content of breads prepared from blends of wheat-fenugreek flours. The 

increase in protei n content of fenugreek supplemented injera might be the resul t of the 

apprec iably higher protein content of fenugreek. 

Protein content of the treatments ranged fro m 9.28- 10.07 (g/ IOOg) respectively for roasted and 

germ inated fe nugreek supplemented injera (Table 4.3 .2). The crude protein content of 

germinated fenugreek supplemented injera gave significantly (p<0.05) higher mean than raw, 

roasted and soaked fenugreek supplemented injera. However, protein content of the raw, roasted 

and soaked supplemented injera va ried slightly signifi cant ly (P>O.05) . Germinated fe nugreek 

supplemented inj era contained higher amount of p rotein , other research workers a lso observed 

similar results in wheat and fen ugreek composite fl our Shalini and Sudesh (2004). 

4.3.3 Fat content 
The result of of blending ratio effects on fat content of fenugreek supplemented injera is shown in 

Tables 4.2 .I.It ranged frol11 3.26-3.65(g/ 100g) respective ly with leve ls of control and 10% blends (Table 

4.3 .1 ). The fat content of 10% blended injera gave s ignificant ly (p<0.05) higher mean followed 

by 5% blended inj era wh ich also significantly differed fro m contro l injera. As the amounts of 

fenugreek fl our in the form ulation increases, the amount of fat in injera increase. This is may be 

due to the presence of high amount of fat in the fenugreek fl our (8. 33%) than is present in tef 

flour (3 .09%). 

Fat content of the treatments ranged from 3. 14-3.87 (g/IOOg) respective ly fo r soaked and roasted 

fenugreek supplemented inj era Crable 4 .3 .2). The fat content o f roasted fenugreek supp lemented 

inj era gave signifi cantl y (p<0.05) higher mean fo llowed by germinated fenugreek supplemented 

injera which also signifi cantl y di ffe red from raw and germinated fenugreek supplemented inj era. 
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However, fa t content of the raw and soaked fenugreek supplemented injera vari ed sli ghtly 

signi fi cantly (P>0.05). The increased result might be due to roasting and ge rmi nating of the 

sample that led to the cleavage of the p rotein -l ipid or carbohydrate-l ipid linkages thereby, 

faci litating the easy extraction of the oil by the ex tracti ng solvent (Esenwah and Ikenebomeh, 

2008). Soaking processes have negligible effect on crude fat content of the legume fl ours (Gupta el 

aI. , 1998) . 

4.3.4 Crude fibre content 

The mean crude fib re content of the blended injera ranged from 1.61-3.20(g/100g) respecti ve ly with 

leve ls of control and 10% blends (Table 4 .3. 1). The crude fi bre content of 10% blended inj era gave 

signifi cantly (p<0.05) higher mean fol lowed by 5% blended inj era which al so significant ly 

differed fro m contro l injera . As the amounts of fenugreek flour in the formulation increases, the 

amount of crude fibre in injera increase. Thi s is may be due to the presence of high amount of 

fibre in the fenugreek fl ollr (9.08%) than is prescnt in tef flollr (4 .89%). 

Crude fib re content of the treatments ranged from 2.70-2.96 (gil OOg) respectively for raw and 

germinated fenugreek supplemented injera (Table 4.3.2) . The crude fibre content of germinated 

fenugreek supplemented injera gave signifi cantly (p<0.05) higher mean followed by roasted 

fenugreek supplemented inj era which a lso significantly differed from raw fenugreek 

supplemented injera. However, fibre content of the germinated , roasted and soaked supp lemented 

injera varied sli ght ly significantly (P>0.05). This result is in agreement with the result reported by 

Shal in i and Sudesh (2005), where the moisture, protein, fat and crude fibre contents increased 

with increasing (raw, soaked and germinated) fenugreek fl our in whea t flour. 
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Table 4.4.2 Effect of processing on proximate composition of supplemented injera 

Treatm. Moisture Protein Fat Fiber Total ash CI-IO Energy 
(giIOOg) (gi IOOg) (giIOOg) (giIOOg) (gi IOOg) (giIOOg) (Kealll 00 g) 

RwF B 
6.7± 0.13 9.S4±0.24b 3.36±0. 19b 2.70±0.3Sb 2.SI±0.02''' 7S.2S±0.63' 369.69±2.0S"' 

RaFB 
6.39±0. 17' 9.28±0.ISb 3.87±O.SS' 2.90±OAI' 2.S4±O.04'b 7S.0 1 ± 1.69' 372.39±3.07b 

SFB 7.02±O.37' 9.68±0.30b 3.14±O.12 b 2.79±O.37'b 2.46±O.O4' 74.92±2.ll b 366.9S±7.0S' 

GFB 
6.2 1 ±O.OS' 1 O.07±OA I" 3.8 1±O.21 " 2.96±O.13' 2.S7±0.03' 7S.S2±O.6S' 376.9S±O.SS' 

Any two means in the same column not followed by the same letters are significantly different (P<O.05). 

4.3.5 Total ash contents 

The effect of blendi ng ratio on the total ash content of the blended injera is shown in Table 4.4.1. It 

ranged from 2.48-2.57(glI00g) respective ly with levels of 10% blends and control (Table 4.3.1). The 

total ash content of control injera gave significantly (p<0.05) higher mean than 5 and 10 % 

blended injera. As the amounts of fenugreek flou r in the formu lation increases, the amount of 

tota l ash in injera decrease. This is may be due to the highly red uction of ash content of 

processed fenugreek. 

Total ash content of the treatments ranged from 2.46-2.57 (glIOOg) respectively for soaked and 

germinated fenugreek supplemented injera (Table 4.3.2) . The tota l ash content of germinated 

fenugreek supplemented inj era gave significantly (p<O.OS ) higher mean fo llowed by roasted 

fenugreek supplemented injera which also sign ificantly differed from soaked fenugreek 

supplemented injera. However, ash content of roasted and raw fe nugreek supplemented injera 

va ri ed sli gh tl y signifi cant ly (P>O.05) . Loss in ash might be due to leaching of so luble inorganic 

sa lts into the process ing water du ring the soaking of the sample. 
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4.3.6 Cal'bohydrate content 

The mean ca rbohyd rate content of the blended injera ranged from 73.57-77.1 5(gl l ~Og) respective ly with 

leve ls of 10% blends and control (Table 4.3. 1). The carbohydrate content of contro l injera gave 

signi ficantl y (p<0.05) higher mean than 5 and 10% blended injera. As the amounts of fe nugreek 

[lour in the fo rmulatio n increases, the amo unt of carbohydrate in injera decrease. This decreasi ng 

effect is attributed to the amount of the carbohydrate content of the fen ugreek flou r (4 1.27%) 

be ing highly lower than tef flour (69.66 %). 

Carbohyd rate content of the treatments ranged from 74.92-75.52(gJ l OOg) respective ly fo r soaked 

and germ inated fenugreek supplemented injera (Table 4.3.2). The carbohydrate content of 

germinated, roasted and raw fenugreek supplemented injera gave significantly (p<O.05) higher 

mean than soaked fen ugreek supplemented injera. However, carbohydrate content of ge rm inated 

raw and roasted fenugreek supplemented injera varied s li ghtly signi ficantly (P>0.05). A slight 

decrease in the carbohydrate content was observed. The reason is probably due to a slight 

increase in the other nutrients of the injera having decreased the proportion of carbohydrate 

contents . 

4.3.7 Total gl'oss energy 

The mean gross energy of the blended injera ra nged from 368.78-375 .26(glI00g) respect ive ly with 

leve ls of 10% blends and control (Table 4.3 .1 ). The gross energy of control inj era gave 

signifi cantl y (p<O.05) higher mean fo llowed by 5% blended injera which a lso sign ificant ly 

differed from 10% blended injera. As the amounts of fenugreek flour in the formulation 

increases, the amount of gross energy in injera decrease. This is may be due to the lower 

carbohydrate content of fenugreek [lour. 

Gross energy of the treatments ranged from 366.95-3 76.95(gll OOg) respect ively fo r soaked and 

germinated fenugreek supplemented injera (Table 4.3.2) . The gross energy of germ inated 
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fen ugreek supplemented injera gave significantly (p<O.05) higher mean followed by roasted 

fenugreek supplemented injera which also signi ficantly differed from soaked fenugreek 

supplemented injera. However, gross energy of raw fe nugreek supplemented injera was no 

signi ficantly differ (P>0.05) fro m roasted and soaked fenugreek supplemented injera. A slight 

change in the gross energy level was observed. The reason is probably due to a slight change in 

the other nutri ents of the injera. 

Table4.3.3 Effect of process ing*b lend ingon proximate composition of supplemented injera 

Blend Mo isture Prote in Fat Crude Ash Carbohydrate Gross 
Eroportion fiber energy 
Control(Te/J 6.32±0.OS 9.09±0.22 3.26±0.21 1.61 ±007 2.57±003 77. I S±0.42 37S.26±0.88 
T:RwF 
95 :5 7 04±0 OS 9.31 ±0.22 3.79±0.21 3.03±0.07 2.48±003 74.48±0.42 369.27±0.88 
95: 10 6.74±0.OS 10.2 1±0.22 3.03±0.21 3.4S±0.07 2.46±003 74.12±0.42 364.SS±0.88 
T:RaF 
9S:S 6.88±0.OS 9. 11 ±0.22 3.97±0.21 3.38±0.07 2.46±0.03 74.20±0.42 368.9 1±0.88 
90: 10 5.96±0.OS 9.66±0.22 4.40±0.21 3.70±0.07 2.S9±0.03 73.69±0.42 372.98±0.88 
T: SF 
9S :5 6.55±0.05 9.38±0.22 3.10±0.21 3.42±0.07 2.42±0.03 75.13±0.42 365.95±0.88 
90: 10 8. I 9±0.05 10.S8±0.22 3.05±0.21 3.33±O.O7 2.39±0.03 72.47±0.42 359.65±0.88 
T:G F 
95:5 6.08±0.OS 9.96±0.22 4.0S±0.21 1.94±0.07 2.64±0.03 7S.37±0.42 377.63±0.88 
90: 10 6.22±0.05 I 1.21 ±0.22 4. 1 1±0.21 2.32±0.07 2.49±003 74.02±0.42 377.94±0.88 

Table 4.3 .3.shows that the moisture, protein, fat and crude fi bre contents increased with 

increasing fenugreek (raw, roasted, soaked and germinated) flour in Tef fl our, whereas ash and 

total carbohydrate contents decreased from 2.57 % to 2.39 % and 77 .1 5 % (contro l injera) to 

72 .47 % (soaked fenugreek- supplemented injera) respect ive ly. Control injera had 9.09 % prote in 

content. In the case of supplemented injera, it ranged from 9.31 % to 10.2 1 %, 9.11 - 9.66 %, 

9.38- 10.58 % and9.96- 11.21 % in raw, roasted, soaked and germinated fenugreek based inj era 

respectively. The increase in p rotein content of fe nugreek supplemented inj era might be the 

resu lt of the appreciably higher protei n content of fen ugreek. Sharma and Chauhan (2000) also 

reported significantly (P < 0.05) higher prote in content of breads prepared from blends of wheat-

fenugreek flou rs. 
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4.4 minerals content of supplemented injera. 

4.4.1 Calcium 

In the present study, Illean ca lciulll content of the blended injera ranged frolll I 73,43 -266.66(gl l OOg) 

respective ly with leve ls of contro l and 10% blends (Table 4.4. 1). The ca lciulll content of 10% blended 

injera gave significantly (p<0.05) higher mean fol lowed by 5% blended inj era wh ich also 

significantly differed from control injera. As the amounts of fenugreek flour in the formulat ion 

increases, the amount of calcium in injera increase. This might be attributed to the direct 

replacement of tef flo ur by higher mi neral contents of treated and untreated fe nugreek fl our. 

Ca lciulll content of the treatments ranged from 1 72.62-306.87(g/l OOg) respectively for germinated 

and soaked fenugreek supplemented injera (Tab le 4.4 .2). The calc iu lll content of soaked fenugreek 

supplemented injera gave sign ifi cantly (1'<0.05) higher mean followed by roasted fenugreek 

supplemented ll1Jera wh ich also significantly differed from raw and germinated fenugreek 

supplemented injera. However, ca lcium content of raw and germinated fenugreek supplemented 

injera was no significantly d iffer (P>0.05). 

4.4.2 Iron 

The result of of blending rat io effects on iron content of fenugreek supplemented injera is shown in 

Tables 4,4.l.It ranged from 10.99- 1 2.79(gl l OOg) res pectively with levels of 5% and 10% blends (Table 

4.4. 1). The iron content of 10% blended injera gave significantl y (p<0.05) higher mean fo llowed 

by contr01 injera wh ich also sign ificant ly diffe red from 5% blended inj era. As the amounts of 

fenugreek flour in the formulation increases, the amount of iron in injera increase. Th is might be 

attributed to the d irect replacement of tef flour by higher mi neral contents of treated and 

untreated fen ugreek flour. 
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Table 4A.1 Effect of blendi ng rat io on minerals contents of supplemented injera 

Blend p roportion 

100% Tef 

S%FB 

10%FB 

Calci um 

173 A3±0.23' 

203.20±2.27b 

266.66±4.0 I' 

Iron 

II.7S±0.19b 

10.99±0.27' 

12.79±0.29' 

Zi nc 

2.72±0.02' 

2.2 1±0.28b 

1.99±OA3' 

Any t\VO means in the same colum n not fo llowed by the same letters are significantly different (P<O.05). 

Iron content of the treatments ranged from I I AO- 12A l(g/100g) respectively for germinated and 

roasted fenugreek supplemented injera (Table 4.4.2). The iron content of roasted and raw 

fenugreek supplemented 1I1Jera gave significantly (p< O.05) higher mean fo llowed by soaked 

fenugreek supplemented II1Jera which also sign ifi cantly differed from germ inated fenugreek 

supplemented injera. However, ca lc iu m content of raw and roasted fenugreek supplemented injera 

was no significantly differ (P>O.05). 

Tab le 4.4.2 Effect of processing on mineral s contents of su pplemented inj era 

Treatments Calci um J ron Zinc 

RwFB 173.29± 1.06' 12. 13±0.44' 3.14±0.16' 

RaFB 204.90± IA4b 12A J ±OAO' 2.00±0.2S' 

SFB 306.87±S.0 I' I I A4±0.25b I.SO±OAOd 

GFB I 72.67±3 .22' I I AO±0.48' 2.S9±O.07b 

Any two means in the sallle column not followed by the same letters are significantly different (P<O.05). 

4.4.3 Zinc 

The mean zinc content of the bl ended injera ranged from 1.99-2.72(glI00g) respective ly with leve ls of 

10% blends and contro l (Table 4.4. 1). The zinc content of control injera injera gave sign ifi cantly 

(p< 0.05) h igher mean fol lowed by 5% blended inj era which al so significantly d iffe red fro m 10 % 
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blended injera. As the amounts of fenugreek flour in the fo rmulation increases, the amount of 

z inc in injera decrease. 

Zinc content of the treatments ranged from I.S0-3 . I 4(g/J ~Og) respectively for soaked and raw 

fenugreek supplemented injera (Table 4.4.2). The zi nc content of raw fen ugreek supplemented 

injera gave sign ificantly (p<O.OS) higher mean followed by germinated fenugreek supplemented 

injera which a lso signifi cantly d iffered from roasted and soaked fenugreek supplemented injera. 

Loss in zinc content might be due to leaching of zinc into the process ing water during the 

soaking of the sample. 

Table 4.4.3. Effect of process ing*blending on mineral content of supplemented injera 

Blend Calcium Iron Zinc 
proport ion 

Control(Tej) 1 73.43±0.94 11.7S±0.33 2.72±0.10 
T:RwF 
95:5 1 44.27±0.94 11.24±0.33 3. 13±0.10 

95:10 202. 1 7±0.94 \3.39±O.3 3 3.S7±0.10 
T:RaF 
95:5 205. 1 7±0.94 11.90±0.33 1.9 1±O.IO 

90:10 236.09±0.94 13.57±0.33 1.37±0.10 
T:SF 
95:5 262.74±0.94 10.SI ±0.3 3 1.19±0.10 

90:10 299.S4±0.94 11.76±0. 33 0.59±0. 10 
T:GF 
95:5 163.53±0.94 10.00±0.33 2.59±0.10 

90: 10 ISI.05±0.94 12.44±0.33 2.45±0.10 

Total minerals in control as we ll as supplemented injera are presented in Table 4.4.3. Control 

injera had low total Ca (173.43 mg/J 00 g), I n (2.72 mgl 100 g) and Fe (I 1.7 mg/J 00 g) contents. 

Minera l contents increased on increasing the substitution ofraw and processed fenugreek flour in 

tef flour. Raw fenugreek supplemented injera manifested higher contents of total Ca, Fe and In, 

follo wed by roasted, soaked and germi nated fenugreek-supplemented injera. However the 

content of total In decreased on increasing the substitution of processed fenugreek flour in tef 

flour. 
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4.5 Anti-nutritional factors 
The anti-nutritio nal factors (phytate and tannin) contents of the control and supplemented injera 

are shown in table 4.4. 1, 4.4.2 and4.4 .3 

4.5.1 Tannin 

In the present study, mean tannin content of the blended injera ranged fro m 2.05-11.7(gll OOg) 

respectively with levels of contro l and 10% blends (Table 4.5. 1). The tannin content of 10% 

blended inj era gave significantly (p<0.05) higher mean followed by 5% blended inj era which 

also significantly differed from control injera. As the amounts of fenugreek flour in the 

formu lation increases, the amount of tann in in injera increase. The increased tannin content of 

the inj era seems to be the direct effect of replacement of tefflour with fenugreek flo ur, which has 

of high content of talmin. 

Tab le 4.S .1 Effect of blend ing ratio on ant nutritiona l factors of sup plel11 en ted injera 

Blend Proportion tannin phytate 

100% Tef 2.0S±O.O I' ISO.62±O. 73' 

S%FB 9.37± 1.46b I 33.83±S.7Sb 

10% FB I 1.7± 1.46' 13 1.28±6.49' 

Any t\:vo means in the same column not foll owed by the same letters arc sign ifican tly different (P<O.OS). 

Tannin content of the treatments ranged fi 'om 4.31-11.25(gll OOg) respective ly for germinated and raw 

fenugreek supplemented injera (Table 4.5.2). The tannin content of raw fenugreek supplemented injera 

gave significantly (p< O.05) higher mean followed by roasted fe nugreek sup plemented injera which al so 

s ignificantly differed from soaked and germi nated fenugreek supplemented injera. The results revealed 

that there was a significant reductio n in the tcontent of tannin during roasting, soaking and germinating 

treatments. This is in agreement with the resul t reported by sha lini and sudesh (2002). 
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4.5.2 Phytate 

The mean phytate content of the blended injera ranged fro m 13 1.28·1 50.62(gf I00g) respective ly with 

levels of 10% blends and control (Tab le 4 .5.1). The phytate content of control inj era gave 

significantl y (p<0.05) higher mean fo llowed by 5% blended injera which also signifi cantly 

differed from 10% blended injera. The amount of phytate in injera decreased progressively w ith 

increasing leve l of fenugreek fl our. This might be due to the higher reduction of phytic ac id by 

different p rocessing methods. 

Table 4.5.2 Effect of processing on anI nutritional factors of SLI p pie men ted inj era 

T rea tmen ts tann in phytate 
RwFB 11 .25±2.94' 153 .46±1.23' 

RaFB 8 .67±2. 12' 128.40±7 .07' 

SFB 6.64±1.62' 144. 13±2.47' 

GFB 4.31±O.77' 128.32±7. 10' 

Any two means in the same column not followed by the same letters are signi ficantly different (P<D.05). 

Phytale content of the treatments ranged from 128.32-1 53 .46(gll OOg) respecti ve ly fo r germinated 

and raw fenugreek supplemented injera (Table 4.5.2) . The phytate content of raw fenugreek 

supp lemented injera gave significantly (p<O.05) higher mean fo llowed by soaked fenugreek 

supplemented injera w hich also significantly differed from roasted and germinated fenugreek 

supplemented injera. Reduction in the phytic ac id content during soaking, roasting or 

germ ination has been reported by Chau and Cheung ( 1997). 
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Tab le4.5.3 Effect of process ing*b lending on Ant nutritional facto rs of supplemented injera 

Blend Tann in Phytate 
proportion 

Contro l(Tej) 2.05±0.IS ISO.62± 1.22 
T:RwF 
95:5 14.76±0.15 153. 12± 1.22 
95:10 16.95±0. 15 156.63± 1.22 
T:RaF 
95:5 11.05±0.1 5 118.93± 1.22 
90: 10 12.90±0.15 11 5.66± 1.22 
T:SF 
95:5 7.00±0.15 144.29± 1.22 
90:10 10.88±O.1 5 137 .48± 1.22 
T:GF 
95:5 4 .66±0 .1 5 118.97± 1.22 
90: 10 6.23±0. 15 I 15.38± 1.22 

The contro l (Tel) injera had 2.05 lllg/ I OO g tamlin and this increased with ri se in the levels of 

fenugreek flours (Table 4 .5.3). The maximum increase of tannin over the contro l was found in 

injera containing raw fenugreek fl our at 10% level ( 16.95 mg/l 00 g) while minimum increase 

was found in germinated fen ugreek flour (6.23 mgl lOO g), over the contro l. The increased tamlin 

content of the inj era seems to be the d irect effect of replacement of Tef flour with fenugreek 

flou r, which has of hi gh content of tannin (Hooda & .food, 2003). Contrary to this, phytic acid 

contents decreased progressively with increasing leve l of processed fe nugreek flour, however 

slightly increase w ith supplementation of raw fenugreek. Among the supplemented injera, 

soaked fenugreek flour- supplemented inj era had contained lower contents o f phyti c acid at 5% 

and 10% levels. Thi s might be due to the higher reduction of phyt ic ac id by d ifferent process ing 

methods. 

4.6 Molar ratios of Ca: Phy, Phy: Fe, phy:Zn and [Cal [Phy]/[Zn] 

The molar ratios for ca lcium, zi nc, Iron and phytate we re ca lcul ated to eva luate the effects of the 

hi gher leve ls of phytate in the bioavailability o f dietary mineral s. Bioavai lability is the ab ility of the 

body to di gest and abso rb the mine ral in the food consumed. Phyti c ac id exerts its inhi bitory effect 
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o n the absorpti o n of zinc and iron by form ing insoluble complexes in the gut under physio logical 

cond iti on. T he formatio n of such chelates depends 0 11 the ratio of the content of z inc, iron or 

calcium relati ve to that of phytate in the food (Vmeta et a I. , 2005). The calculated va lues a re a lso 

compared w ith the reported crit ica l tox ic ity va lues for these ra t ios. The ca lculated Ca : Phy, Ox : 

Ca ,Phy : Zn, Phy: Fe and [Cal [Phy]/ [Zn] mola r rat ios o f control and supplemented injera is shown in 

Table 4.6 . 1 and 4.6.2 . 

4.6.1 [Calcium] / [Phytate] molal' I'atios 

The mo la r ratios of Ca :Phy in control , 5 % and 10 % supplemented injera wereI 9,24. 19and29.22 

respective ly. The mean Ca: Phy mola r rat io of fenu greek supplemented inj era was signi fi cantly 

(P<0.05) h igher than the contro l inj era. Phytic acids markedl y decrease Ca bioava ilability and the 

Ca:Phy mola r rati o has been proposed as an indicator o f Ca bioava ilabili ty. The Ca: Phy molar rat ios 

>6, indi cati ve o f poor ca lc ium bioava il abili ty (O ladimeji e/ al. , 2000). The va lues in the present study 

were higher than the reported critical molar ra ti o of Ca :Phy, indicat ing that absorpti on of ca lc ium 

adverse ly affected by phytate in these supp lementat ion. 

Table 4 .6. 1 Effect of blending rat io o n ca lcium: phytate, phytate :iron, phytate: z inc and 
([ca lc ium] [phytate J): z inc 111 0lar rati o of supplemented inj era 

Treatments Calcium: Phytate: Iron Phytate:Zinc ([ ca le i l1l11 ] [phytate ]):zinc 
phytate 

19.00±0.1 2' 1.09±0.02' S.4S±O.O I' 0.24±0.00' 
(100% ) Tef 

S% FB 24.19±2. ISb 1.04±0.OS' 6.87± 1. 14b 0.36±0.09b 

10% FB 29 .22±2.23' 0.87±0.OSb 10.1 8±2.89' 0.66±0.24' 

Any two means in the same column not followed by the same lelters are significantly different (P<O.OS). 

With in d iffe rent treatments, the mean Ca: Phy mola r rat io of fenugreek supplemented injera was 

sign ifi cantl y (P<0.05) hi gher than the raw suppl emented injera. The Ca : Phy mo lar ratios in the 
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present study we re higher than the reported critical molar rati o of Ca :Phy, thi s is indicating that 

absorption of ca lc iu m adversely affected by phytate in these treated and untreated fen ugreek 

suppl ementation. 

4.6.2 [Phytate l/[Iron j molar ratios 

The mo lar ratios of Phy:Fe in contro l, 5 % and 10 % suppl emented injera were 1.09, 1.04 andO.87 

respect ive ly. The mean Phy:Fe molar ratio o f 10% fenugreek supplemented inje ra was s ignificant ly 

(P<0.05) hi gher than the contro l inj era. 

With in different treatments, the mean Phy:Fe mola r ratio of raw fen ugreek suppl emented injera 

was significantly (P<O.05) hi gher than the roasted and ge rminated fenugreek supplemented inje ra. 

However, the mean Phy:Fe molar ratio of ra w and soaked fl our samples vari ed slightly s ignifi cantly 

(P> O.05) . The phytate: iron molar ratio is greater than 0.1 5, regarded as indicative of poor iron 

bioavailability (Umeta et aI., 2005) . This resul t ind icated that, the phytate : iron molar rati os in 

diffe rent blendin g ratio and process ing methods were greater than the crit ica l va lue, whi ch implies 

the absorpti on of iron from treated and untrea ted fenugreek supp lemented injera inhibited by phytate 

and as a result the bioava ilability of iron is poor. 

4.6.3 IPhytatc]l [Zinc I molar rntios 

The molar rat ios of Phy:Zn in control , S % and 10 % supplemented injera were 5.45,6.87 and 10.18 

respective ly. The mean Phy:Zn mola r rati o of fenugreek supp leme nted injera was s ignificantly 

(P<0.05) higher than the control inj era. 
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Table 4.6.2 Effect of process ing on calc ium : phytate, phytate:iron , phytate: z inc and 
([calcium] [phytate ]):zinc contents of su pplemented injera 

Treatments Calc ium: Phytate: lron Phytate: Zinc ([ ca Ici l1l11 ] [phytate J) :zi nc 
phytate 

RwFB 18.62± 18.62" I .08±O.03" 4.96±O.19' O. 21±O.O I' 

RaFB 27.0S±2 .72b O.89±O.O7' 6.68±O.62b O.3S±O.OSb 

SFB 28.3S±3 .IS" I.07±O.03" 13 .49±3 .26" O.92±O.28" 

GFB 22.S3± 1.26' O.96±O.06b 4.88±O.2 1' O. 21±O.O I' 

Any two means in the same column not followed by the same letters are significantly di fferent (P<O.05). 

W ith in different treatments, the mean Phy:Zn molar ra tio o f roasted and soaked fenugreek 

supp lemented injera was s ignificantly (P<0.05) lower than the raw fenugreek supplemented injera. 

Howeve r, the mean Phy:Zn molar ratio of raw and ge rminated fen ugreek supplemented inje ra va ried 

sl ight ly s ignificant ly (P >O.OS). Phytate: z inc molar ratios > 15, indicati ve o f poor z inc bioava il ability 

(Morri s and Ell is, 1989). The values of control, d ifferent blending rat io and with in diffe rent 

processing methods were lower than the c ri tica l molar rat ios of Ph y:Zn, whi ch indicates the 

ava il ab il ity of zi nc is good in 5 and 10% blend ing proportion and d ifferent process ing methods. 

4.6.4 [Calcium llPhytatcl/ [Zine l molar ratios 

The ratio of [Cal x [Phytate]: [Z n] is a better pred ictor of Zn avai lability and if the value were 

g reate r than half mo l/kg, there wou ld be inte rferences w ith the availabi lity of Zn. (Umeta et a i. , 

2005). In th is result, [Cal x [Phytate] : [Zn] values were greater than 0 .50 mol/kg in 10% 

fenugreek supp lemented injera and soaked fenugreek supplemented injera while other [Cal x 

[Phytate]: [Zn] values were lower than to 0.50 mol/kg. Which indicates the ava il abil ity of z inc is 

good at 5% blending proportion and due to processed fenugreek suppl emented injera except 

soaking. 

64 



Tab le 4.6.3 Effect ofprocessing*blend ing on calcium: phytate, phytate:iron , phytate:zinc and 
([calcium ][phytate ]):z inc contents of supplemented injera 

B lend 
IJro[,ort ion ca['h~ ['h~ iron f' h~z inc caQh~/ovzn 
Control(Tej) 19.00±0.24 1.09±0.04 5.45±0.44 0.24±0.03 
T:RwF 
95:5 15.55±0.24 1.16±0.04 4.84±0.44 0.18±0.03 
95: 10 21.30±0.24 0.99±0.04 4.57±0.44 0.22±0.03 
T:RaF 
95 :5 28.47±0.24 0.85±0.04 6.14±0.44 0.31 ±0.03 
90: 10 33.68±0.24 0.72±0.04 8.44±0.44 0.50±0.03 
T:SF 
95:5 30.05±0 24 1.1 3±0.04 I 1.95±0.44 0.79±0.03 
90:10 35.99±0.24 0.99±0.04 23.07±0.44 1.73±0.03 
T:GF 
95:5 22.68±0.24 1.0 1±0.04 4.54±0.44 0.19±0.03 
90:10 25.90±0.24 0.79±0.04 4.66±0.44 0.2 1±0.03 

The molar ratios of co ntro l, different b lending rat io and with in different processing methods were 

lower than the c ri t ica l mo lar rat ios of each minera l, except the mo lar ratio ofZn. Whi ch ind icates the 

availability of z inc is good, but the availability o f Calcium and Iron was poor. 
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CONCLUSION AND RECOMMONDA TIONS 
5.1 Conclusion 

The study attempted to investigate the possibility of using fenugreek flour for the production of 

injera by blending with tef flour. The effect of blend proportion of fenugreek and tef flour and 

some processing methods on the phys icochemical properties and sensory qual ities of fenugreek 

supplemented injera was studied. 

The resu lts of this study showed that fenugreek flour could be blended with tef flour to produce 

injera with required physicochemical properties and acceptable sensory qualities. It was found 

that the more the fenugreek flour in the composite, the more the protein, fat , fiber and ash 

content of the inj era. Incorporation of the soaked and germinated fenugreek flour up to 10% 

resulted in inj era of comparable in most quality parameters cons idered (nutritional and sensory 

parameters) with those produced using 100% tef flour. The study also indicated that soaking and 

germinating methods resulted in better physical characteristics and sensory qualities of inj era as 

compared to roasting. Moreover, the study revealed that blending tef fl our with treated (roasted, 

soaked and germinated) fenugreek flour in the injera formulation could significantly reduce the 

ant nutri tional factors (phytate and tannin contents) . 

It may be also inferred from the present study that nutritional quality of fe nugreek seeds can be 

improved through processing methods, and bitterness can also be reduced to some extent. 

Therefore, the use of processed fenugreek flour can be exploited in functional and nutri tional 

foods as wel l as a therapeutic agent in various bakery products. 

From the results of thi s study, fenugreek-tef flo ur inj era are both nutri tious and exhibited 

acceptable sensory quality. Thus it could be concluded that supplementation of fenugreek seed 

flour on the tef flour enhances the nutritive value of products. Hence, development and 
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consumption of such therapeut ic bakery products would help to raise the nutrit ional status of the 

popu lation. 

5.2 Recommendations 

The fo llowing recommendations are made based on the study conducted and find ings on fe nugree k 

supp lemented injera. 

~ Injera which is produced from fenu greek-tef composite fl our shou ld get special attention and 

emphas is by the consumers due to its nutriti onal va lue. Women, who produce inj era should 

be encouraged to utilize the potent ial of fenugreek flour there by d iversify ing their products 

for better se rvice of the consumers. 

~ Supplementation of fenugreek on tef flour for injera production shou ld also be 

encouraged since it has a lot of med icinal value wh ich makes it a very good functio nal 

food. 

~ Food processing industries shou ld use fenugreek 111 order to en ri ch their products with 

protein, fat, fi bre, mi nerals and other nutri ents. 

~ Agri cultu ral inst itutes should promote and propagates the nu tr itional and med icina l value of 

fenugreek there by conduct ing further studie s, and provid ing se lected seeds for the farmers. 

~ Health institutions, shou ld adv ise the people to inc lude thi s legume in their foods and enjoy 

its medicina l va lue. 

~ It is also recommended for other researchers to conduct a research on process ing methods to 

reduce the bitterness and odo r of this legume other than roasting, soaking and ge rmination, 

which are suggested in this study. 
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Appendix 

1. Appendix on Proximate composition of the supplemented injera. 

1.1. Tests of Between-Subjects Effects on moisture contents of the supplemented injera 

Dependent Variable: Moisture 

Type III Sum of 
Source Squares df Mean Square F Sig. 
Corrected Model 

7.852' 11 .714 139.056 .000 
Intercept 1038.598 1 1038.598 2.023E5 .000 
Processing 

2.295 3 .765 149.046 .000 
Blending 

.865 2 .432 84.227 .000 
processing· blending 

4.692 6 .782 152.336 .000 
Error 

.062 12 .005 
Total 

1046.511 24 
Corrected Total 

7.914 23 
-a. R Squared - .992 (Adjusted R Squared - .985) 

1.2. Tests of Between-Subjects Effects on protein contents of the supplemented injera 

Dependent Variable: protein 

Type III Sum of 
Source Squares df Mean Square F SiQ. 
Corrected Model 10.881 · 11 .989 10.633 .000 
Intercept 

2231.832 1 2231.832 2.399E4 .000 
processing 

1.937 3 .646 6.939 .006 
blending 

7.648 2 3.824 41 .103 .000 
processing· blending 

1.297 6 .216 2.324 .101 
Error 

1.116 12 .093 
Total 

2243.829 24 
Corrected Total 

11 .998 23 
b. R Squared - .907 (Adjusted R Squared - .822) 
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1.3. Tests of Between-Subjects Effects on fat contents of the supplemented injera 

Dependent Variable: Fat 

Type III Sum of 
Source Squares df Mean Square F Sic . 
Corrected Model 

5.180' 11 .471 5.288 .004 
Intercept 

301 .380 1 301.380 3.384E3 .000 
processing 

2.280 3 .760 8.534 .003 
blending 

1.015 2 .507 5.697 .018 
processing' blending 

1.885 6 .314 3.528 .030 
Error 

1.069 12 .089 
Total 

307.629 24 
Corrected T ota I 

6.249 23 
c. R Squared = .829 (Adjusted R Squared - .672) 

1.4. Tests of Between-Subjects Effects on fibre contents of the supplemented injera 

Dependent Variable: fibre 

Type III Sum of 
Source Squares df Mean Square F Siq. 
Corrected Model 

16.708' 11 1.519 176.871 .000 
Intercept 

160.218 1 160.218 1.866E4 .000 
processing 

3.268 3 1.089 126.859 .000 
blending 

11.641 2 5.820 677.783 .000 
processing' blending 

1.799 6 .300 34.907 .000 
Error 

.103 12 .009 
Total 

177.029 24 
Corrected Total 

16.81 1 23 
d. R Squared - .994 (Adjusted R Squared - .988) 
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1.5. Tests of Between-Subjects Effects on ash contents of the supplemented injera 

Dependent Variable: ash 

Type III Sum of 
Source Squares df Mean Square F Sig. 
Corrected Model 

.133' 11 .012 6. 109 .002 
Intercept 

152.292 1 152.292 7.687E4 .000 
processing 

.040 3 .013 6.680 .007 
blending 

.035 2 .018 8.903 .004 
processing' blending 

.058 6 .010 4.892 .009 
Error 

.024 12 .002 
Total 

152.449 24 
Corrected Total 

.157 23 
- -e. R Squared - .848 (Adjusted R Squared - .710) 

1.6. Tests of Between-Subjects Effects on carbohydrate contents of the supplemented injera 

Dependent Variable: carbohydrate 

Type III Sum of 
Source Squares df Mean Square F Sig. 
Corrected Model 

58.304' 11 5.300 15.256 .000 
Intercept 

135626.360 1 135626.360 3.904E5 
processing 

1.296 3 .432 1.244 .337 
blending 

53.026 2 26.513 76.311 .000 
processing III' blending 

3.982 6 .664 1.910 .160 
Error 

3.982 6 .664 1.910 .160 
Total 

135688.833 24 
Corrected Total 

62.473 23 
- -e. R Squared - .848 (Adjusted R Squared - .710 
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1.7. Tests of Between-Subjects Effects on gross energy of the supplemented injera 

Dependent Variable: Gross energy 

Type III Sum of 
Source Squares df Mean Square F Siq. 
Corrected Model 

738.609' 11 67.1 46 43.269 .000 
Intercept 

3312192.433 1 3312192.433 2 .134E6 
processing 

326.345 3 108.782 70098 
blending 

181.445 2 90.722 58.461 
processing' blending 

230 .819 6 38.470 24.790 .000 
Error 

18.622 12 1.552 
Total 

3312949.664 24 
Corrected Total 

757.231 23 
g. R Squared - .975 (Adjusted R Squared = .953) 

2. Appendix on sensory characteristics of the supplemented injera. 

2.1. Tests of Between-Subjects Effects on appearance of the supplemented injera 

Dependent Variable: Appearance 

Type III Sum of 
Source Squares df Mean Sauare F Siq. 
Corrected Model 

1456.900' 19 76.679 90.447 .000 
Intercept 

5100.500 1 5100.500 6016E3 .000 
processing 

181.380 3 60.460 71.316 .000 
blending 

1147.250 4 286.813 338.311 .000 
processing· blending 

128.270 12 10.689 12.608 .000 
Error 

152.600 180 .848 
Total 

6710.000 200 
Corrected Total 

1609.500 199 
a. R Squared = .905 (Adjusted R Squared = .895) 
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2.2. Tests of Between-Subjects Effects on color of the supplemented injera 

Dependent Variable: Color 

Type III Sum of 
Source Squares df Mean Square F Sig . 
Corrected Model 

1657.255' 19 87.224 111.429 .000 
Intercept 

5130.845 1 5130.845 6.555E3 .000 
processing 

205.375 3 68.458 87.456 .000 
blending 

1300.430 4 325.108 41 5.325 .000 
processing'" blending 

151.450 12 12.621 16.123 .000 
Error 

140.900 180 .783 
Total 

6929.000 200 
Corrected Total 

1798.155 199 
- -b. R Squared - .922 (Adjusted R Squared - .913) 

2.3. Tests of Between-Subjects Effects on taste of the supplemented injera 

Dependent Variable: Taste 

Type III Sum of 
Source Squares df Mean Square F SiQ. 
Corrected Model 

1511.480' 19 79.552 63.192 .000 
Intercept 

4305.920 1 4305.920 3.420E3 .000 
processing 

112.680 3 37.560 29.836 .000 
blending 

1329. 130 4 332.283 263.949 .000 
processing'" blending 

1329.130 4 332.283 263.949 
Error 

226.600 180 1.259 
Total 

6044.000 200 
Corrected Total 

1738.080 199 
-c. R Squared - .870 (Adjusted R Squared - .856) 
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2.4. Tests of Between-Subjects Effects on odol' of the supplemented injera 

Dependent Variable: Odor 

Type III Sum of 
Source Sauares df Mean Square F Sig . 
Corrected Model 

1649.175' 19 86.799 74.862 .000 
Intercept 

4753.125 1 4753.125 4.099E3 .000 
processing 

156.015 3 52.005 44.853 .000 
blending 

1404.250 4 351.063 302.785 .000 
processing' blending 

88.910 12 7.409 6.390 .000 
Error 

208.700 180 1.159 
Total 

6611.000 200 
Corrected Total 

1857.875 199 
- -d. R Squared - .888 (Adjusted R Squared - .876) 

2.5. Tests of Between-Subjects Effects on texture of the supplemented injera 

Dependent Variable: Texture 

Type III Sum of 
Source Squares df Mean Square F Siq. 
Corrected Model 

1484.600' 19 78. 137 61.850 .000 
Intercept 

5000.000 1 5000.000 3.958E3 .000 
processing 

163.000 3 54.333 43.008 .000 
blending 

1205.350 4 301.338 238.526 .000 
processing " blending 

116.250 12 9.688 7.668 .000 
Error 

227.400 180 1.263 
Total 

227.400 180 1.263 
Corrected Total 

227.400 180 1.263 
- -e. R Squared - .867 (Adjusted R Squared - .853) 
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2.6. Tests of Between-Subjects Effects on overall acceptability of the supplemented injera 

Dependent Variable: Overall acceptabi lity 

Type II I Sum of 
Source Squares df Mean Square F Siq. 
Corrected Model 

1439.080' 19 75.741 64.736 .000 
Intercept 

4920.320 1 4920.320 4.205E3 .000 
processing 

117.720 3 39.240 33.538 .000 
blending 

1252.930 4 313.233 267.720 .000 
processing' blending 

68.430 12 5.703 4.874 .000 
Error 

210.600 180 1.170 
Total 

6570.000 200 
Corrected Total 

1649.680 199 
f. R Squared = .872 (Adjusted R Squared - .859) 

3. Appendix on Metal contents of the supplemented injera. 

3.1. Tests of Between-Subjects Effects ou calcium contents of the supplemented injera 

Dependent Variable: Calcium 

Type III Sum of 
Source Squares df Mean Square F Siq. 
Corrected Model 

45691 .220' 11 4153.747 2.333E3 .000 
Intercept 

950881.755 1 950881.755 5.341E5 .000 
processing 

21215.800 3 7071.933 3.972E3 .000 
blending 

13019.449 2 6509.724 3.656E3 .000 
processing' blending 

11455.971 6 1909.328 1.072E3 .000 
Error 

21.366 12 1.780 
Total 

996594.341 24 
Corrected Total 

45712.586 23 
-a. R Squared - 1.000 (Adjusted R Squared - .999) 
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3.2. Tests of Between-Subjects Effects on Iron contents of the supplemented injera 

Dependent Variable: Iron 

Type III Sum of 
Source Squares df Mean Square F Sig. 
Corrected Model 

21.208b 11 1.928 8.718 .000 
Intercept 

3365.875 1 3365.875 1.522E4 .000 
processing 

4.559 3 1.520 6.871 .006 
blending 

13.099 2 6.549 29.615 .000 
processing· blending 

3.551 6 .592 2.676 .069 
Error 

2.654 12 .221 
Total 

3389.738 24 
Corrected Total 

23.862 23 
-b. R Squared - .889 (Adjusted R Squared - .787) 

3.3. Tests of Between-Subjects Errccts 011 Ziuc contents of the supplemented injcra 

Dependent Variable: Zinc 

Type III Sum of Mean 

Source Squares df Square F Sig 
Corrected Model 

16.548' 11 1.504 69.366 .000 
Intercept 

127.651 1 127 .651 5.886E3 .000 
processing 

9.089 3 3.030 139.696 .000 
blending 

2.233 2 1.116 51.476 .000 
processing * 

5.226 6 .871 40.164 .000 blending 
Error 

.260 12 .022 
Total 

144.459 24 
Corrected Total 

16.808 23 

c. R Squared = .985 (Adjusted R Squared = .970) 
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4. Appendix on Ant nutritional factors of the supplemented injera. 

4.1. Tests of Between-Subjects Effects on tannin content of the supplemented injera 

Dependent Variable: Tannin 

Type III Sum of 
Source Squares df Mean Square F Siq. 
Corrected Model 

646.681 ' 11 58.789 1.378E3 .000 
Intercept 

1429.744 1 1429.744 3.350E4 .000 
processing 

156.920 3 52 .307 1.226E3 .000 
blending 

408 .075 2 204038 4.781E3 .000 
processing * blending 

81 .686 6 13.614 319.023 .000 
Error 

.512 12 .043 
Total 

2076.938 24 
Corrected Total 

647.194 23 
a. R Squared - .999 (Adjusted R Squared = .998) 

4.2. Tests of Between-Subjects Effects on phytate content of the supplemented inje .. a 

Dependent Variable: Phytate 

Type III Sum of 
Source Squares df Mean Square F Sig . 
Corrected Model 

5970.722' 11 542.793 182.433 .000 
Intercept 

460886.593 1 460886 .593 1.549E5 .000 
processing 

2765.398 3 921.799 309.818 .000 
blending 

1766.214 2 883.107 296.813 .000 
processing' blending 

1439.109 6 239.852 80.614 .000 
Error 

35.704 12 2.975 
Total 

466893.018 24 
Corrected Total 

6006.425 23 
-b. R Squared - .994 (Adjusted R Squared - .989) 
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5. Appendix on Phytate-metal molar mtio of the supplemented injera. 

5.1. Tests of Between-Subjects Effects on Cal-pity molar ratio of tlte supplemented injera 

Dependent Variable: calcium-phytate 

Type III Sum of 
Source Squares df Mean Square F Siq. 
Corrected Model 

955.502' 11 86.864 760.483 .000 
Intercept 

13980.262 1 13980.262 1.224E5 .000 
processing 

355.692 3 118.564 1.038E3 .000 
blending 

417.281 2 208.640 1.827E3 .000 
processing' blending 

182.529 6 30.422 266.337 .000 
Error 

1.371 12 .114 
Total 

14937.135 24 
Corrected Total 

14937.135 24 
a. R Squared - .999 (Adjusted R Squared - .997) 

5.2. Tests of Between-Subjects Effects all pltytatc-Iron mole ratio of supplemented illjera. 

Dependent Variable: phytate-lron 

Type III Sum of Mean 

Source Squares df Square F Siq. 
Corrected Model 

.438' 11 .040 14.507 .000 
Intercept 

24.006 1 24006 8.738E3 .000 
processing 

.153 3 .051 18.611 .000 
blending 

.203 2 .101 36.893 .000 
processing * 

.082 6 .014 4.993 .009 blendinq 
Error 

.033 12 .003 
Total 

24.478 24 
Corrected Total 

24.478 24 

b. R Squared = .930 (Adjusted R Squared = .866) 
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5.3. Tests of Between-Subjects Effects on phytate-Zinc mole ratio of supplemented injera. 

Dependent Variable: phytate·Zinc 

Type III Sum of 
Source Squares df Mean Square F Siq. 
Corrected Model 

628. 169' 11 57.106 148.944 .000 
Intercept 

1350.482 1 1350.482 3.522E3 .000 
processing 

299.216 3 99.739 260.138 .000 
blending 

94.302 2 47.151 122.978 .000 
processing' blending 

234.652 6 39.109 102.003 .000 
Error 

4.601 12 .383 
Total 

1983.252 24 
Corrected Total 

632.770 23 
c . R Squared = .993 (Adjusted R Squared = .986) 

S.4.Tests of Between-Subjects Effects on cal-phytate/Zinc mole ratio of supplemented injera. 

Dependent Variable : Cal-phytate/Zinc 

Type III Sum of 
Source Squares df Mean Square F Sig . 
Corrected Model 

4.399' 11 .400 216 .798 .000 
Intercept 

4.269 1 4.269 2.315E3 .000 
processing 

4.269 1 4.269 2.315E3 .000 
blending 

4.269 1 4.269 2.315E3 .000 
processing * blending 

.772 2 .386 209.307 .000 
Error 

1.589 6 .265 143.545 .000 
Total 

8.690 24 
Corrected Total 

4.421 23 
- -c. R Squared - .993 (Adjusted R Squared - .986) 
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