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ABSTRACT 

complementary foods prepared commerciall y are not available and if available, unaffordable for 

the poor in developing countries. Thus, there is need of preparing wean ing food s from locally 

available raw materials such as cereal and legumes using simple technology. The objective of 

thi s paper is to study the effect of fermentation on cereals-soybean blends with respect to the 

nutritional qualit; anti nutrient, proximate & micronutrient compositions, functional & phys ico­

chemical properties, microbiological & sensory analysis. Seed varieti es of maize QPM, 

sorghum(teshale), teff (Elsub) & soybean (Elhio-Yigozlabiya) were collected from Amhara 

Agricultural Research Centers (AARC). After sample preparation, the cereal fl ours were 

blended with soya bean and fe rmented naturally for 72 hours. The proximate analysis resu lts 

before & after fermentation in (%) were 17.84, 186 in the case of sorghum-soya bean, 16.33 and 

17.35 in the case of maize-soyabean and 16.5 and 19.0 143 in the case of teff soya bean fo r crude 

protein; 12.32 and 17.08 for sorghum-soy, 13. 12 and1 4.16 fo r maize-soy and 12.28 and 14.56 for 

teff- soy flours for crude fat. The total carbohyd rate of blended flours before and after 

fermentation were 66.72 and 63.34, 70.80 and 66.48 and 68.87 and 63.60 for sorghum-soy, 

maize-soy and teff -soy flours respectively. Signifi cant differences (P<0.05) were observed 

between un fe rmented & fermented blends in proximate compositions, with specific increment of 

4.64. 6.25 and 15.21 % for sorghum-soy, maize soy and teff-soy flours for protein. Fermentation 

s ignificantly (p<0.05) decrease antinutrient content. Micronutrient increment in(mg/100g) for Fe, 

Zn and Ca were 4.08 to 5.27, 2.53 t02.96 for sorghum-soy and teff-soy flour respectively. 

Fermentation significantly (p<0.05) decreased the anti nutri ents which resu lted in a 

significant(p<0.05) increase in micronutrients. Fermentation had a significant (p<0.05) 

decreasing effect on pH. Microbiological result showed signifi cant (p<0.05) reduction coliform 

count of Total bacteria l count & increment of LAB with increasing fermentation lime. Gruel 

prepared from the fermented blended flours were accepted with hi gher scores. Accord ing to the 

result of the study, fermentation comparably reduced anti nutrient s and improved the nutritional 

quality of the complementary foods. Natural fermcntation, which is inexpensive processing 

method that consumers especially low & medium income families can easi ly afford good quality 

product 

K~v words: A nlil1lllrienl, !ermenfClI ion, micronutrient, natllral fermentation, proximate composition, sorghum ,maize, 

lel/ soybean. lVeclI1ing jood. 
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1. INTRODUCTION 

1.1. Background 

Cereals are the only sources of nutrition for one-third of the world 's population especially 

in developing and underdeveloped nations of Sub-Saharan Africa and South-east Asia. 

The major cereals which constitute over 85 % of total global cereal production are rice, 

wheat, maize, barley and sorghum amounting to about 200 million tones of harvest 

annually at an average of 10% protein content, out of which a sizeable proportion goes 

into human consumption (Soft el al., 2009). 

In Ethiopia, cereals make up 85% and 90% of the total cultivated area and total 

production of field crops respectively and for over 90% of modern input consumption 

(CSA,2000). This includes teff, barley, maize, sorghum, oats, millet and wheat. 

According to World Bank (2007), cereal production accounted fo r 30 percent of the 

national income with large share in rural employment (60%) and households' total food 

expendi tu re (40%). 

Maize (Zea mays L.) is an important eereal crop in AJ1'ica servi ng as souree of food and 

industrial raw material for industries such as brewery, confectionary, livestock and tlour 

feed mill s. Maize is also known to be primary provider of ca lories supplying 20% of the 

world 's food calori es. It also provides 15% of all food erop protein. The poor nutriti ve 

value of maize grains is due to low contents of lysine and tryptophan in the maize protein 

component in addition to its anti nutrient content (Olakojo e/ aI., 2007). 

Sorghum (Sorghum bieolor L. Moench) is an important staple food in many parts of 

Africa and Asia. It is a major source of protein, carbohydrate and calorie in the diets of 

large segment of population; however bioavailability is low inherently due to the 

presence of many anlinutritional factors such as, tannins, phytic acid and proteinase 

inhibitors (AI MamaJ'y el ai. , 2002). 

The cereal grain leff (Eragrostis te/(Zucc.) Trotter) which is endemic to Ethiopia where 

it is be lieved to have originated. Teff provides over two-thirds of the human nutrition in 
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Ethiopia ( Urga el ai. , 1997 ), with a grain protein content (10- 12%) similar to other 

cereals. Besides provid ing protein and calories, teff is a good source of minerals, 

particularly iron. It has a very high calcium content and contains high levels of 

phosphorus, copper, aluminum, barium and thi amine. The principal use of teff grain for 

human food is the Eth iopian bread " injera", a soft porous thin pancake with a sour taste 

(Yigzaw el al., 200 1). 

Fermentation is the oldest known form of food biotechnology and it has been used for 

several thousands of years as an effective and low cost means to preserve the quality and 

safety of foods. Animal and plant ti ssues are subjected to the action of microorga ni sms 

and/or enzymes to give desirable biochemical changes (Sahana ef al. , 2003). Simi larly, 

Paredes-L6pez el ai, (1988) described that fermentation increases the sol uble fractions 

of a food. The quantity as well as quality of the food proteins as expressed by biological 

value, and often the content of water so luble vitamins is genera ll y increased, whi le the 

anti nutritional factors show a decline during fermentat ion. Fermentation results in a lower 

proportion of dry matter in the food and the concentrations of vitamins, minera ls and 

protein appear to increase when measured on a dry weight basis (Adams, 1990). 

1.2. Statement of the problem 

The limited nutritional qua lity of cerea l grains is due to their lower contents of essential 

amino acids, fat s, minerals, and vitamins compared with animal foods. Complementary 

foods should contain animal sources with high bio logical value to foster growth and 

deve lopment. However, imported or commercially deve loped weaning foods generally 

are not used by low-income urban and rural households due to thei r high cost. They are 

mostly manufactured using high technologies and are sold in sophisticated packaging. 

Thercfore, there is a need for low-cost weaning foods which can be prepared easily at 

home from locally availab le raw materials such as maize, teff, so rghum and soybean 

using simple technologies like fermentation that does not require complicated equipment 

and can be served qu ickly and convenientl y. 
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In order to improve the quality of wean ing diets, cereals should be blended with 

soyabean. Antinutritional factors in the soyabean are respons ible for lowering the 

bioavai lability of micronutrients. It is also an important fact that the amino acid 

composition of soyabean and the cereals ( sorghum, maize and teff) which exhibit 

de fi ciencies of the essential amino acids for the human diet, are complementary. For 

example, the cerea ls grai ns tend to be deficient in lysi ne where as soyabean is rich in the 

amino acid, so blendi ng of the cereals with soyabean makes a nutritionally better 

complementary food than does alone. Cereals and legumes have a high nutrient content 

but bioavai lability of some minerals are low due to the presence of antinutritional fac tors. 

Fermentation is a potenti ally important processing method that improves the 

bioavai lability of minerals , thus fermentat ion reduces these antinutient levels and 

enhance protein and carbohydrate digestibility. 

1.3. Hypothesis 

Fermentation is one of the processes that decreases the level of anti nutrients in food 

grains and increases the starch, protein d igestibility and nutriti ve val ue. Thus, it mighit 

be possible to prepare complementary food s by blending sorghum, maize, teff and 

soya bean using fermentat ion. 
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1.4. Objectives 

General objective 

The general objective of thi s research was to study the effect of fermentat ion on the 

microbiological, nutritional composi tion and ant i-nutrient contents of fe rmented maize, 

sorghum and teff fl our blended with soybean. 

Specific objectives 

The specific objecti ves of the research were to : 

./ Evaluate how fermentation of cereals -legume blends affect proximate 

composition 

./ To study the microbiological profile of the fermented blended and non blended 

flours . 

./ To evaluate the effect of fermentation of cereals-legume blends . 

./ To determine physico-chemical & functional properties of fermented cereals­

legume blends . 

./ To study the sensory acceptabi lity of gruels prepared fermented cereals-legume 

blends. 
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2. LETERATURE REVIEW 

2.1. Maize 

2.1.1. Origin and History 

Maize (Zea mays L.) originated in Central America and was introduced to West Africa in 

the early 1500s by the Portuguese traders. The United States is the largest producer, 

accoun ting for nearly 40% of the total world product ion , fo llowed by China and Braz il. It 

is grown on more than 96.5 million hectares in the developing wo rld and many millions 

of people worldwide are dependent on maize as a staple food. Maize accounts for 15 to 

56% of the total dail y calories of people in about 25 developing countries (Prasanna el al. , 

2001). In Afri ca, maize supplies at least one fifth of total daily calories consumed and 

acco unts for 17% to 60% of people's total dail y prote in supply in 12 countries, as 

estimated by FAO food balance sheets (Kri vanck el ai. , 2007). 

Maize was introduced to Ethiopia during the 1600s to 1700s and its production has 

increased over the years. In the 1980s, the total production within a ycar remained below 

20 million quintals and maize production area exceeded slightly one million hectare only 

in 1987, 1988 and 1989. However, in the 1990s, maize production in Ethiopia increased: 

the total area and production remained over 1.3 million hectare and 23.4 million quintals 

from 1996-2000, respectively. The yield per hectare also increased s lightly in the late 

1990s. From 1995- 2000, growth rate per year for yield per hectare, maize area and total 

production was 3. 1 %,7. 1 % and 11.3%, respectively ( Kebede el al. 1993). 

2.1.2. Agrono mic Practice and Economic Importance of Maize in Eth iopia 

In Ethiopia, maize grows from moisture stress areas to hi gh rai nfall areas and from 

lowlands to the highlands (Kebede ef al., 1993). It is cultivated mainly in the highland 

temperate mixed farming system, with some production in the cereal root crop mixed 

system of western Amhara. The majority of Ethiopia 's maize comes from th ree regions: 

Oromia (6 1 %), Amhara (20%) and SNNPR (12%) (Schneider et al., 20 I 0). 
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one of the high priority crops to 

I aI., 2001). According to FAO 
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xception in 2006 when it yie lded 

,ained we ll over the East Afri can 

ach ieving as much as 186% in 

1 long rai ny season from May to 

. ~ dreas h »1,,, 11 "mount IS p rolll .. 1. in· the short rainy period from 

February to May. Farmers in the western region al so plant maize on low lands using 

residual moisture in January and harvest in June/J uly. This mainly solves the food 

shortage in the main season (Girma el aI. , 200 I). Moreover, maize plays a central role in 

Ethiopia ' s food securi ty. It is the lowest cost source of cereal calories, providing I II, 

times and two times the calories per dollar compared to whcat and tefr, respectively. An 

effcctivc maizc scctor could propel Ethiopia's food producti on to quickl y reduce the 

national food deficient and keep pace with growing population. 

2.1.3. Nutritional Compsitioll 

Maize is a major cereal crop for human nutrition, world wide. With its hi gh content of 

carbohydrates, fats, proteins, some of the important vitam ins and minerals, maize 

acqui red a wellcdeserved reputation as a nu tria-cercal. Several million people, 

part icularly in the developing countries, derive their protein and calorie requirements 

fro m maize (FAO. 2005) . 

Table I summanzes the rcsults of Non-destructive Nutri ent Determination of Maize 

Usi ng NIR Method. Carbohydrate was the major component of maize, followed by water, 

protein, and fat. The major component of amino acids was lysine (13udiastra el 01., 2006). 
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The variation of carbohydrate, water and fat content were hi gh, while the variation of 

amino acids content was low .The mineral composition of grains of different maize 

varieti es is reported for Na (540.30-620.4 1 ppm), K (2915-3471 ppm), Ca (410-590 

ppm), Fe (3 8.02-56.14 ppm), Zn (37.05-52.4 ppm), Mg (985.2-11 25.3 ppm) and CLI 

(11.02-14.25 ppm) (Ullahl el al., 2010). 
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Figure 1; Armual production of maize from 1993-2008 

2.1.4. Anti Nutritional content 

I 

:.:: ~ Ln X r- ~ ~ 
~ C5 ~ 0 Co ~ ~ :=> 

(' I (' I N (' I N ('I 

Phytate contenet (9.8 mg/g) of raw yellow maize was found to be greater than in 

Malawian white maize flour (7.1 mg/g) and pounded white maize flo ur (6.98 mg/g). On 

the other hand, phytate content in fermented yellow maize was 3.8 mg/g compared well 

with 3.06 mg/g reported by I-Jot z and Gibson (200 1). Trypsin and a-amylase inhi bito rs 

dropped by 42 and 17 % respectively after fermentation. Trypsin inhibitor is a small 

protein, wh ich inhi bits the digestive enzyme trpsin . Hoffmann el at. (2003), reported the 

inactivation and proteolysis of trypsin inhibitor protein by in vitro microbial 

fe rmentation of soybean in rumen fluid . 
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2.1.5. Uses 

Maize prov ides nutrients 1'01' humans and animals and serves as a basic raw materi al far 

the production of starch. o il , protein, alcoholic beverages, food sweeteners, and more 

recently, fue !. The green plant, made into si lage, has been used with much success in the 

dairy and beef industries. Afte r the grain is harvested , the dried leaves and upper part. 

including the flowers, are used to provide relative ly good fo rage for rum inant animals 

owned by many sma ll farmers in developing countri es . T he erect stalks, wh ich in some 

cult ivars are strong, have been used as long-lasting fences and wa ll s. T he husks are al so 

used to make various craft items. 

Table I: NUlrricnt composton of ma ize 

C omposi t ion IVlea n (0,,) Standard of t--laxilllll lll (0.) t--linimll tll (°0) 
Dc\·ia II OIl (00) 

Prote!ll 9.0,1 0.79 10.33 7.17 
Fal -1.61 1.3-1 8. 23 2.79 
\\'.1101 8. 16 2 . 1~ 12.65 3.95 
Carbohydrate 76.95 25 1 82.-15 n65 
t-- !el hionine 0.18 0.038 0.296 0.110 
Lys ine 0. 13 0.028 0. 193 0.087 
Tyrosine 0.29 0.0-12 0.359 0.179 
T !J.reonine 0.25 0.03·1 O.33~ 0163 
Arg inin 0.3 1 0.056 0. -128 0.1 -14 
Le uci ne 0.54 0.0 79 0.692 0.387 

Source; Non-destructive Nutri ent Determination of Maize Us ing N IR Method (fAO 

2009) 

2.2. Sorghum 

2.2.1. Origin lind TIistol'Y 

Sorghum (Sorghull1 bie%r (L.) Moench), a tropica l plant belonging to the Poaceae 

family , is one of the most important cereal crops in the world (Anglani, 1998). It is 

generall y, although not universa ll y, considered to have lirst been domesticated in North 

Africa, possibly in N ile or Ethiopia regions as recentl y as 1000Be (Kimber, 2000). 

Doggett, (1988) suggested that sorghum was domesticated al1d originated in the northeast 

quadrant of A fi-i ca, most li kely in the E thiop ian-Sudan border regions. The presence or 
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wi ld and cultivated sorghums in Ethiopia reveals that Ethiopia is the primary centre of 

origin and centre of di versity (Mekibeb, 2009). 

The cul tivat ion of sorghum played a crucial role in the spread of the Bantu (black) group 

of people across sub-Saharan Afri ca (Jordan e/ aI., 1982). Ethiopia, the primary centre 

of origin for sorghum, where the crop was domesticated (Vavilov, 1951) and it is 

characteri zed by a diversity of climate, physiography, soils, vegetation, farming systems 

and socio-economic conditions (Ayana, 200 I). Today, sorghum is cultivated across the 

world in the warmer climatic areas. It is quan tita ti vely the world's fifth largest most 

important cereal grain, after wheat, maize, ri ce and barely(FAO. 2009). 

2.2.2. Agronomic l'racticc and Economic Importance of Sorghum in Ethiopia 

Wo rl d annual sorghum production is ovcr 60 million toncs, of which Africa prod uces about 

20 million tonc (Jorda n el ai., 1982). This makes sorghum, quantitatively the second 111 0st 

important cereal gra in in Africa after maize. It can be seen that sorghum product ion takes 

place across the continent, with the northern African countries of Nigeria, Sudan, 

Ethiopia and Burkina Faso accounting for nearly 70% of Africa's production. Sorghum is 

one of the major cereal crops consumed in Ethiopia and the total consumption of 

sorghum closely fo llows the global pattern of ou tput, since most of it is consumed in the 

countries where it is grown (FAO. 1995). It is one of the main staples fo r the poorest and 

most food insecure Ethiopian people. 

Sorghum is crucially important to food security 111 Ethiopia as it is uniquely drought 

resistant among cereals and can withstand periods of high temperature. annual rainfall is 

in the range 500-700 111111 per year. I-lence, 1110st of the countries in All'ica where sorghu111 

is a signifi cant arable crop are arid and areas at risk of desertification (FAO. 2005). It has 

seen that sorghu111 is also an important crop in cast Africa where overall there is good 

rainfall. This is related to the fact that the rain in sub-tropical Africa is inter111ittent and 

characterized by brief periods of very high rainfall. In fact sorghum is not only drought­

res istant, it can also withstand periods of water-logging (FAO. 2005). 
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Sorghum is a crop dominated by resource-poor smal lholders and typ ically produced 

under adverse conditions in the eastern and northwest parts of the country, where there is 

low rai nfall. The good rainfall di stribution during the meher main ra iny season in 20 II , 

coupled with add itiona l arca planted in northcrn part of the country by new settlers, led to 

an increase in production in 201 1112, considerably more than carlier forecast. In 2012113, 

however, both planted area and resultant production are fo recast to drop, due to the late 

start of the short belg rainy season, delaying land preparation. 

2.2.3 . Nutritional Compsition 

Sorghum is one o[ the cereals that constitute a major source of ca rbohaydrate, proteins, 

calories, minera ls for millions of people in Africa and Asia (Miller, I 996). It contains ash 

carbohydrate (74.68%), Protein (1 2.25%), Fiber ( 1.71%), Fat (4.2 %), (1.75%), 

(Mohammed el al., 20 11 ). Like other grains, sorghum protein is generally low in the 

essential amino acids such as lysi ne and therion in (Murty et al., 200 I) 

2.2.4 Anti nutritional Content 

Sorghum is also rich in minera ls content but its nutritional qua lity is dictated by its 

chemical composition and presence of cons iderab le amount of anti nutritional factors such 

as tan nin, phyti c acid , polyphenoles and trypsin in hi biters with bioava il abili ty of less 

than I % for some forms of iron to greater than 90% for sodium and potass ium(EI -Sheikh 

et aI. , 2000). The reaso ns fo r this are varied and complex, since many factors interact to 

determine the ultimate bioavai lability of a nutri ent (M iller, 1996) .. Sorghum is found to 

conta in many antinutritional factors such as, tannins, phytic acid , proteinase inhi bitors 

and cyanogenic glycos ides (Cossak el af. , 1983). 

2.2.5. Uses 

Sorghum in Africa is processed into a very widc va riety of attracti ve and nutritious 

trad itional food s, such as semi-leavened bread, couscous, dumplings and fcrmented and 

non-fermented porridges. It is the grain of choice [or brewing traditiona l African beers. 

51 

Sorghum is also the grain of 21 century Africa. New products such as instant so ft 
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porridge and ma lt extracts are great successes. In the competitive environment of 

mult inational enterprises, sorghum has been proven to be the best alternative to barley for 

lager beer brewing (FAO.2009). Sorghum accou nts for an dvcrage ten percent of da il y 

calori li c inta ke of households li ving in the eastern and northwest areas of the coun try. 

Abo ut three-quarters of the sorghum grain in Ethiopia is used fo r making 

ilyera(F AO.20 I 0). Another 20 percent is used for feed and for local beer producti on, 

with the remainder held for seed. The entire plant is utilized, with sorghum stalks used 

for house construction and cooking fuel , and leaves used for animal fodder (FAO.2005). 

2.3 . Tefl' 

2.3. 1. Origin and History 

A number of investi gators have speculated on the origins of tef, using morphological , 

cy tologica l, andlor biochemica l characters and have suggested a tota l o f 14 wild 

Eragroslis species as potential progenitors of the crop . .Tones el al. , (! 978) examincd 

morphologica l and cytological aspects of 41 Eragroslis species and concluded that E. 

pilosa was most s imilar to tef but that E. aelhiopica also bore striking similarities to the 

cultigen. Costanza el al., (1979) examined the relationships among 36 accessions of teff , 

two E. pilosa accessions, and E. aethiop ica using morphometri c methods, and they 

concluded that E. pilosa was far more similar to te ff than was E. aelhiopica. 

Teff (Eragrostis lef] [Zucc.] Trotter) is an allotetraploid (211 = 4x = 40) ce real crop gro wn 

primarily in Ethiopia. Ethiopia is the center of thought to be the ori gin and di versity of 

teff. It is entirely cultivated only in Ethiopia as food crop sometime between 4000 B. C. 

and 1000 B.C. and distributed to several other countri es in the 19th century, and it is now 

cult ivated as a forage grass in Australi a, India, Kenya and South Africa (Costanza el aI. , 

197). 
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2.3.2. Nutritiona l Composition 

The grain of terr is used to make a vari ety of food products, includ ing injera, a spongy 

fe rmented natbreacl that serves as the staple food fo r the majority of Ethiopians. 

Chemical composition analysis showed that terr has comparable nutritional content with 

the major crops: maize, barley, wheat and so rghum, culti vated in Ethiopia. Tables 2 and 3 

present nutritional and amino acid contents of teff in comparison with other major 

Ethiopian cereal crops respectively Jansen el al. ( 1962). 

Teff is especiall y ri ch in mineral nutrients such as ca lcium, phosphorus and iron 

compared to maize, barley, wheat and sorghum. There is also slight differencc in nutrient 

content among the three teff types Nech (white), key (brown) and sergegna (mixed) . 

The carbohydrate content of teff is comparable with other cereal crops ranging from 73 .1 % 

(brown) to 75 . 2% (mixed teft) with average val ue of 73.9%. Since teff is the major 

component of Ethiopian recipe, it provides the major requirement of energy. Nech (white 

seed color) tcff has 11.1 % protein content which exceeds its content for other major 

cereal crops. Al l the three teff types contain significantl y higher mineral nutrients 

(Calcium, potassium and iron) compared to maize, sorghum, wheat and ba rl ey and also 

have reasonably high fiber (3.2%) and ash (2.9%) contents averaged over the thrce teff 

types. Amino acid composition of the three tef types was reported to be the same 

(Tad esse, 1975; Endeshaw, 1989) regardless of the ir seed colo r. 

2.3.3. Uses 

TetT is used in various fo rms by Eth iopians. The dominant form of usage is injera. It is 

also consumed in the form of porridge and bread. Its straw is a nutritious and hi ghl y 

preferred feed for li vestock compared to the straw of other cerea ls, particularly during dry 

season. Besides its loca l use, it is the major cash ea rning crop for the farm ing community 

as market price for both its grain and straw is higher compared to other cerea l crops. It is 

also among the export commodity at national level. 
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Table 2: Nutrient content of majo r Eth iopian cereals per 100gm 

Content itenl l\:ech 
(white) 

Food c>ne rg\' ... .,9 
(c.ll. ) 

. .,:'),) 

:--Ioisttu·e (00) 10.4 

Protein (g) 11.1 

F.l t (g) 2.4 

CMbo-lw(lr·"te 
73,6 

(g) 

Fib!"t' (g) 3.0 

Ash Ig) 2.5 

C.l k~ l\Ul1 (rngl 136.0 

rl105 l 'l llOl 'U S 

(lng) 
366.0 

Iron (1l1g) IS.9 

Tel 

Kev 
(Brown ) 

336 

11.1 

10.5 

2.7 

73.1 

3.1 

3.1 

157.0 

34S.0 

58.9 

Source: Agren and Gibson (1967) 

Sergt2'gll<l 
(uu "ecl ) 

336 

10.1 
- ) 1. -

2.9 

75.2 

3.6 

3.0 

1-10.0 

368.0 

59.0 

BMler 
(wholt' 

334 

11.3 

9.3 

1.9 

75.4 

3.7 

2.0 

47.0 

325.0 

10.2 

:--I,l iu 
(whole) 

356 

12.4 

S.3 

4.6 

73.4 

2,2 

1.3 

6.0 

276.0 

.1.2 

Table 3: The amino acid content ofteff com pared to other cereals 

.-\.llUt'LO acid T ef l'vt,ize Rice 
Sorg-

i \/he.lt 
Pe.u:1 

1 \·he"t 
(whole) 

339 

10.8 

10.3 

1.9 

71.9 

3.0 

1.6 

40.0 

276.0 

7.5 

FAD 
B.u"ley 

11'lun m.il1et _ .... E<~~terll __ - .. - .... - . ------------ . _.-._-----._----- . .. .... - .. 
Lysine 3.68 3.48 2.67 3.79 2.02 :WS 2.89 -1.20 
L'\O! E'lu:ine 4.00 3.58 3.68 3.81 3.92 3.68 3.09 -1.20 
Leucine 8.53 6.67 12.5 S.22 13.3 7.04 7.29 -1.S0 
V,uint> 5.46 5.04 4.45 5.50 5.01 4.13 4.49 ·1. 20 
Plle-.ll.utine 0.69 3. 14 4.88 5.15 -1. 90 4.86 3.46 2.80 
T n ' :~O':::' lnt:- 3.84 3.10 3.S2 3.49 2.6/ ) ') _ .:J _ 1.-11 2.80 
Tl':'-T'to- l. 30 1.34 0.70 1.25 1.22 1.07 1.62 1.40 
ph.m 
TIu'eonine 4.32 3.31 3.60 3.90 ~:;.O2 2.69 2.50 2.80 
Histidine 3.21 2. 11 2.72 2.50 2.14 2.0S 1.08 
.-\l'ginine 5.15 4.72 4.19 S.26 3.07 3.54 3A8 
:-- reth ioltine 4.06 1.66 1.92 ') ') _ .• "l_ 1.30 1..16 31. 35 2.20 
Cv&tin e 2.50 3. 19 2.00 

Source: A lemayehu (1990) ; Jansen et a l. (1962) 
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Sorg 
hun1 

(whole) 

338 

12.1 

7.1 

2.8 

76.5 

2.3 

1.5 

30.0 

282.0 

7.S 

IVhol", 
eo-Ct 

1.::1.::> , 

6.60 
7.50 
9.40 
7.20 
3.80 

·1.40 

1.40 

4.20 
2. 10 
6.90 
3.80 
2.-10 



2.4 . Legumes 

Annua l legumes are among of the most important crops on a global scale. In ani mal 

feeding, they can be used as green forage, forage dry malter, forage meal , silage, 

immature grain, mature gra in and straw, while some species may be used for grazing too . 

The term grain legumes denotes exclusively annual crops cultivated for immature or 

mature grain, with a further division into food legumes, also known as edi ble legumes or 

pul ses, used for human consumption, and feed or fodder legumes, used in animal feeding 

(Mihailovi6 e/ al. , 2004). Unlike these, forage legumes are used in the form offOl'age and 

compri se both annual and perennial species, having an additional role as a source of 

biomass and green manure (Mihai lovi6 e/ al., 2007) . 

Legumes are some of the low-priced sources of protein- rich that have been important in 

alleviating protein malnutrition, especially in developing countries Table 4. The 

compositional evaluation of leguminous seeds such as soybean, chickpea, cowpea, 

pigeon pea, mucuna bean, scarlet runner bean, ground nut, bambara groundnut, African 

yam bean and red grain have been carried out in different locations by many investigators 

(Aremu el al., 2006). 

Though legumes are important sources of dietary pro teins fo r both human and animals, 

their acceptability and utili zation have been limited due to the presence of relatively high 

concentration of some toxins referred to as antinutri tional factors. Nutritional quality is 

affected by these factors; which interact with nu tri ents, such as phytate, and tannins 

reduc ing protein d igesti bility and amino acid absorpti on (Udensi e/ al., . 2005). Some 

researchers (Duhan el al., 2000) have reported that unless these substances are destroyed 

by heat or some other treatments, they can exert adverse physiological effects when 

ingested by man and animals. 

The productivity of agri culture is however low due to low level of u s~ of improved 

technologies, ri sks associated with weather condi tions, diseases and pests, and 

underdeveloped seed suppl y systems and output markets. Moreover, due to increasing 

population pressure, on the rainfed land area, the land holding per household is dec lin ing 
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over time, lead ing to low level of producti on to meet the consumpti on requ irement of the 

households carbohydrates, vitamins and mineral s. The growing demand in both the 

domestic and export markets provides a source of cash fo r sma llholder producers. 

Table 4: The nutritional composition oflegumes 

Species 
Soybean 

Pea 
roba COllU1l0 n Wbit e 

G,,,,, pea 
meal bean ,·etcb lupin 

e lude protein 533.0 267.0 174.0 313.0 388.0 290.0 
Alani ne 30.1 4.4 3.3 ·1.4 13.3 13.5 
Areinine 40. 1 16.7 13.2 6.6 37. 1 22.4 
ASPaJ1ic acid 76.0 32.2 33. 1 15.4 48.0 34.5 
Cystine 4.5 4 .1 5.0 
Glutmllic acid 35.8 17.8 28.7 22.1 78.0 49.S 
Glyc ine 23.5 13.3 11.0 9.9 16.8 
Hist idin e 12.3 10.0 7.7 16.6 9. 1 S.4 

Isoleucine 29.1 13.3 11.0 14.3 13.9 10.8 
Leucine .j..j .7 17.7 IS.7 11.0 ~S.3 1 S.3 

Lv'" i Il<: 3(),9 13.3 16.5 16.6 I <1.J 19.·1 
~'- .. 

78 3.3 2.9 2.5 :-.. ktlU01ll1l1! 4..1 4..1 
Pbenyia Ianine 31.3 16.7 14.3 14 .3 15.5 12.1 
Prolin e 8.9 6.7 4.4 4 .4 16.3 
Seli ne 64.8 31. 1 18.7 19.9 11.3 13.7 
Tlu·conine 17.9 6.7 7.7 11. 1 13.6 Il.l 
T,yptoplmn 2.4 l .1 
T\'1'osine 20. 1 S.9 8.S 9.9 15.9 8.1 
Valine 33.5 18.9 I ~.4 14.4 

Source: Crude protein content (g kg-I ) ai1d amino acid content (g kg- I) in gra it1 dry 
matter of some feed grain legumes (Mihailovic ef al. , 2007) 

2.4.1 Soybean (Glycille max) 

Soybean (Glycine max) a grain legume, is one of the ri chest and cheapest sources of plant 

protein that can be used to improve the diets of millions of people, espec iall y the poor 

and low income earners in developing countri es because of its nutritional quality, 

attractiveness and functional properties (lwe, 2003) . Soybean is mainly cult ivated fo r its 

seeds which are used commerciall y as human food, livestock feed and for the extraction 

of oil. 
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2.4.2 Proximate Composition and Antinutricnts in Soybean 

Nutritionally, soybean protein resembles animal protein more closely than other 

vegetable proteins, oi lseeds and legumes. Soybean protein constitutes about 40% of the 

total so lids and plays a very important role in the enrichment of cereal-based food 

products (Fukushima, 1999). It is also a rich source of vitamin, minerals and is relati ve ly 

low in crude fibre (Duke, 198 1). Soybean is one such protein sources, which when used 

partially to replace or complement corn starch in thc preparation of custard wou ld help 

trcmendously in im proving the nutritional quality of the product. Soyabeans are valued 

for their high protein content which va ries bctween 38% and 42% and for thci r oil which 

is main ly used for cooking purposes (Kent, 1985). 

The average proximate composition of soyabean products is presented in Table 5. 

Solvent extracted soybean meal is madc usua ll y by hexane extraction. Certai n ti mes 

a lcohol extraction is also used. The value of fi bcr given, is for extraction of non dehull ed 

seeds. Dehulling of seeds prior to extraction red uces the fiber content to abo ut 50% and 

an tinutri ents (Tacon, 1990). 

The nutritional quality of soya bean grain dcpcnds on many factors . Mature soya bcan 

grain contains a number of anti-nutritional components with various level of biological 

acti vity. The most important among them are protease inhibitors. Their presence prohib its 

thc uti lization of raw soya bean as food and feed and requ ircs heat treatmcnt or 

fe rmcntation in order to reduce or fully inacti vated the antinutrients. The improvements 

in decreasing or eliminating trypsin inhibitors lead to enhancement of nutrit iona l quality. 

The other important anti-nutrient present in soya bean grain is phytate . It is not digestcd 

by monogastric animals, so it does not prov ide monogastri cs with suffic ient phosphorus 

and minerals and it leads to phosphorus ru nolT causing phosphorus po ll ut ion of ground 

water li'om animal wastes (Bi lyeu el al. , 2008). 
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Table 5: Typical composition of soybean products (%) 

:\ 10 i > tlll'e Prot elll Llplcl> Fiblt' A.>11 

Sol\·., nl e:\tr~clecl soybe~ n I 1 -I~ 1. 2 6. 1 6. 1 

llleal 

Full f~t soybenn menl 10.0 33.0 13.0 5.0 -I . I 

Soya protein COllcelllr:1te 8 8-1 0. 5 0.1 3 . .:' 

Source: Tacon, (1 990) 

3. FCl'Il1cntation 

Campbell-Platt (1 987) has defined fermented foods as those foods which have been 

subjected to the action of micro-organisms or enzymes so that desirable biochemical 

changes cause a signi ficant modification to the food . However, to the microbiologist, the 

term "fermentation" describes a form of energy-yielding microbial metabolism in which 

an organic substrate, usually a carbohydrate, is incompletely ox idized, and an organic 

carbohydrate acts as the electron acceptor (Adams, 1990). 

3.1 Microf1ora in Fermcntcd Foods 

By trad ition, lacti c acid bacteria (LAB) are the most commonly used microorganisms for 

preservat ion of foods. Their importance is associated main ly .with their safe metabolic 

act ivity while growing in foods ut ili zing available suga r fo r the production of organic 

ac ids and other metabolites. Their common occurrence in foods and feeds coupled with 

their long-l ived use contributes to their natural acceptance as GRAS (Generally 

Recogni sed As Safe) for human consumption (Aguirre & Coll ins, 1993). In Europe, 

mould-ripened foods are primarily cheeses and meats, usuall y using a PenicilliullJ species 

(Leistner, 1990). 

Odunfa & Komolafe (1989), studied the micro-orga ni sms present in ferment cd food 

made in Ghana called dawadawa. Aaccording to their study, after 24 h of fcrmentation , 

predo minantl y were Bacillus sp. with small numbers of (0,3 %) Staphylococcus sp. , after 

36 h 60% Bacillus sp. , 34% Staphylococcus sp. and afte r 48 h 56% Bacillus sp. and 42% 
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S/aphylococcus sp. In Trahanas, a fermented food prepared in Grccce from a mixture of 

milk and wheat flour, S/rep/ococcus lac/is, S/rep/ococcus diace/ylac/is, Lellconos/oc 

crell'loris, Lac/obacillus lac/is, Lac/obacilllls casei,Lac/obacilllis bulgaricus and 

Lac/obacilllls acidophilus were found to play the major rolc in producing acid and aro ma 

(Lazos e/ aI., 1993). 

3.2. Nutritional Valuc of Fcnllcntd Foods 

Gencrall y, a significant incrcase in the so lu ble fraction of a food is observed during 

fermcntat ion. Tab le 6 shows the importance of fermentation. The quantity as well as 

quality of the food proteins as expressed by biological value, and often the content of 

water soluble vitamins is genera ll y increased, while the Antinutitional factors show a 

decline during fermentation (Paredes-L6pez & I-larry, 1988). Fermentation results in a 

lower proporti on of dry matter in the food and the concentrations of vitamins, minerals 

and protcin appear to increase when measured on a dry weight bas is (Adams, 1990). 

Combinat ion of cooking and fcrmentation improved the nutrient quality of all tested 

sorghum seeds and reduced the content of antinutitional factors to a safc level in 

comparison with other methods of processing (Obizoba & Atii ,1991). In bambara nut 

milk tannin content could be reduced by fermcntation (Obizoba & Egbuna, 1992). 

A study on the effect of fermentation of cowpca (Vigna unguicula/a) on the nutritional 

qual ity of cowpea meal showed that 72h fermentation increased the con tcnt of protein . 

ash and lipid levels while decreasing the levels of tannin and phytate (N nam, 1995). 

Thiamin and riboflavin were reduced significantly during fermentation. A decrease in 

protein content was observed during the first 2 days of fermentation and thereafter the 

decrease was not significant (Gupta e/ 01., 1998). Vaishali e/ al (\997) who studicd effect 

of natural fermentation on in vi/ro zinc bioavailability in ccrea l- Iegumc mixturcs found 

that fermentation increased the zinc so lubil ity (2-28%) and the zinc uptake by intestinal 

segment ( 1-16%) to a significant level. 
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The protein efficiency ratio (PER) of wheat was found to increase on fermentation, partly 

due to the increase in availability of lysine. A mixture of wheat and soybeans in equal 

amounts would provide an improved pattern of amino acids. The fermentation process 

raised the PER va lue of the mixture to a level wh ich was comparable to that of casein 

(Hesseltine & Wang, 1980). Fermentation may not increase the content of protein and 

amino acids unless ammonia or urea is added as a nitrogen source to the fermentation 

media (Reed, 1981). The relative nutritional value (RNV) of maize increased from 65% 

to 81 % when it was germinated, and fermentation of the flour made of the germinated 

maize gave a further increase in RNV to 87% (Lay & Fi elds,1981). 

Fermcnted milk products in general showed an increase in folic acid content and a slight 

decrease in vitamin B 12 wh ile other B vitamins were affected on ly sli ghtl y (Aim, 1982) 

in comparison to raw milk. The levels of vitamin B12, riboflavin and folacin were 

increased by lactic acid fermentation of maize flour, wh ile the level of pyridoxine was 

decreased (Murdock & Fields, 1984). Fermented whole onion plant reta incd 97% of 

vitami n A acti vity, while fermented egg plant only retained 34% of the vitamin A activity 

(Speek e/ of., 1988). Kefir made from ten different kefir grain cultures sho wed signifi cant 

(>20%) increase for pyridoxine, cobalamin, folic acid and biotin and reduction exceeding 

20% for thiamine, riboflavin, nicotinic acid, and pantothenic acid depending on the 

culture used. 

The minera l content is not affected by fermentation unless some salts are added to the 

product duri ng fcrmentation or by leaching when the liquid portion is separated from thc 

fermented food. Sometimes, when fermentation is carried out in metal conta iners, some 

minera ls are so lubilised by the fermented product, wh ich may cause an increase in 

mineral content (Ha rland & Harland, 1980). Phytate content in locust bean seeds was 

lowered from 0.51 mg/g to 0.3 1 mg/g by fermentation (Eka, 1980). Natural lactic 

fermentation of ·maize meal decreased phytate phosphorus by 78% (Chompreeda & 

Fields, 1984). The reduction of phytate content duri ng dough fermentation for whole 

grain flour was about 50% (Roos e/ of., 1990). 
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Fermentation by Saccharomyces diasfaficlis fo llowed by Laclobacillus brevis 

completely eliminated phytic acid from pearl milletllour (Khetarpau l & Chauhan, 1991). 

In bambara nut milk tan nin content could be reduced by fermentati on (Obizoba & 

Egbuna, 1992). 

Table 6; Erfect of fermentation on food and potential health benefits 

Effect on food Potential health benefit 

Break down of starch by amylases Reduces bulk and increases energy 
intake 

Reduction of phyti c ac id Improved absorption of mineral s 
and protein 

Decrease in pH Improved absorption of minerals 
Improved food safety 

Reduction in lactose content (only milk Better to lerance in individuals with 
products) lactase de fi ciency 

Increase in lactic acid bacteri a Better food safety 
potential probiotic effects 

Synthesis of B vitamins Better vitamin J3 status 

Source: Stanbury el al., (2003) 

3.3. Health Effects of Fennented Foods 

One of the reasons for the increasing interest in fermented foods is its abili ty to promote 

the functions of the human di gestive system in a number of positive ways. This particul ar 

contribution is called probiotic effect. Fermented milks in the diet contribute for the 

prevention of certain diseases of the gastrointestinal tract and promotion of healthy day to 

day life. A fc rmcnted food product or li ve microbial food supplement which has 

beneficial effects on the host by improvi ng intest ina l microbial balance is generall y 

understood to have pro biotic effect (Fuller, 1989). 

During fermentation of beans for preparation of tempe, the trypsin inhibitor is 

inactivated, and the amount of several ol igosaccharides wh ich usuall y cause fl atulence 
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are significantly reduced (Hessel tine, 1983). Bean flour inoculated with Lactobacillus 

and fermented with 20% moisture content, showed a reduction of the stachyose content 

(Duszkiewicz-Reinhard el ai., 1994). 

[n an in vilro) study the ability of 23 strains of lact ic acid bacteria iso lated from va rious 

fermented milk products on the bacterial cell s to bind cholesterol was investigated. No 

cholesterol was found inside the cell s (Taranto el aI. , 1997). Poppe I and Schaafsma (1996) 

have also reported the ability of yoghurt to lower the cholesterol in serum by contro lled 

human trials. Possible role of lactic acid bactera in lowering cholesterol concentration. 

Apart from this, there are interesting data on anticarcinogenic effect of fermented foods 

showing potential role of lactobacilli in reducing or elimi nating procarci nogens and 

carcinogens in the al imentary canal (Reddy el ai., 1983; Shahani , 1983 ; Mital & Garg, 

1995) . 

Some lactic acid bacteria which are present in fermented milk products, are found to play 

an important role in the immune system of the host after colonization in the gut (De 

Simone, 1986). The mechanism of this effect is not clearly known, but it is specul ated 

that the lactobacilli , their enzymes or the metabolic products present in the fermented 

food product may act as antigens, activating production of antibodies. 

3.4. Effect of Antinutrients on Bioavailability 

Anti-nutrients have been defined as substances which by themselves, or through their 

mctabolic products arising in livi ng systems, interfere with food uti lization and a rlect thc 

hea lth and production of animals(Makkar, 1993).Tannins are members of the naturally 

occurring active nutrients known as polyphenols. Tannins are reported to interact with 

proteins (both enzymes and non-enzyme proteins) to form tannin- protein complexes 

resul ting in inhibition of digestive enzymes (A I Mamary el al., 2002). Phytic acid is 

found in plant seeds and many roots and tubcrs. Phytic acid is found to form complex 

with minerals in physiological pH, leading to lower mineral bioavailability (Cossak el al., 

1983). In addition phytic acid has been shown to inhibit trypsin (Singh el al. , 1982). 
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Trypsin inhibitors are widel y spread in plant kingdom, especially in legumes and cereals. 

They inhibit proteolytic enzymes in digestive system (Liener el al., 1980). and cause 

pancreatic hypertrophy and poor growth perfo rmance (Osman el al. , 2003). Several 

processi ng methods such as heat- treatment, soaking, germinat ion, fermentat ion and 

radiation were fo und to reduce these anti nutritiona1 factor leve ls and enhance protei n and 

ca rbohydrates digestibi lity (Elmaki el al.,1999). Sorghum, like legume and oil seed 

mea ls has some limitations, due to the presence of anti nutritiona l factors , such as trypsi n 

and amylase inhibitors, phyti c ac id, and tannins. These compounds are known to interfere 

with protein, carbohydrates and mineral metabolism (Elmaki et al. , 1999) . 

4. Complementary Food 

According to the WHO defi nition, Complementary foods are any food othe r than breast 

milk given to a breastfeeding child. A complementary food is normall y a semi-so lid food 

that is used in addition to breast mi lk and not only to replace it. comlementary foods are 

mostly prepared in the form of thi n porridges or gruels (Ikujen lola el ai., 2003). 

Development of complementary food s is guided by: 1) high nutriti ona l va lue to 

supplement breastfeed ing, 2) acceptability, 3) low price, and 4) use of local food items. 

During formulat ion of any complementary foods made from loca lly available raw 

materials, the techniques of food process ing, storage and distribution; socioeconomic 

status; cu ltural and religious facto rs; sensory properties; and food quality and safety 

issues shou ld be taken in to account (Amuna el al., 2000). 

In develop ing countries, commonly-used complementary foods are prepared from fl ours 

of starchy staples, cereal s and legumes, such as rice, millet, so rghum, or maize (rarely 

wheat). Cereals and legumes are the most common first complementary foods. 

Gruels/th in porridges prepared from cereals and legumes play an important role as a 

complementary food but their nutrient density is often low, espec iall y defi cient in 

essential nutrients. Cerea ls have low conten t of proteins and fat while legumes are high in 

Protien and fat. The presence of high concent rat ion of crude fi ber and absorption 
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inhibitors (anti nutritional factors like phytic acid and condensed tannin) is major factors 

reducing their nutritional benefits (Wharton, 1989). 

During cooking/reconstitution process of staple-based complementary food s, the starch 

granules swell and bind a large volume of water, resulting in gruel s of high viscosity. 

Gruels o f suitable feeding consistency contains a great amount of water and large in 

vol ume relative to its contents of solid matter. If so lids in gruels are increased to improve 

the nutrient and energy density, the gruel wi ll be too thick and viscous for a small ch ild to 

eat easil y. This high vo lume or high viscosity characteristics of complementary foods 

referred to as dietary bulk , is responsible for the occurrence of malnutrition 111 areas 

whcrc cereals and starchy staples are the major foods (Kulkarni et 01 19991 ). 
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5. MATERIALS AND METHODS 

5.1 Uaw Material Collection and Transportation 

Three cerea ls namely Sorghum, va riety Teshale , Maize, variety BHQPY-545, Teff 

variety Estub and Soybean variety Ethio-Yigozilabiya were co llected & transported 

from Amhara Agricu ltural Research Centers (AARC) during the 2012113 crop season. 

Sample preparation was done in Add is Ababa University, Center for Food Science and 

Nutrition . Proximate composition, Physico-chemical, anti-nutri tiona l and microbio logical 

analyses were conducted at the Ethiopian Health & Nutrition Research Institute and 

Center for Food Science and Nutrition Addis Ababa University. 

5.2. Preparation of Maize Flour 

Preparation of maize flour was performed according to the method suggested by Ahima 

(2005). The maize was first sorted to remove defective grains, stones, so il, and other 

debris. The grains were then soaked for about 30 min in order to simpli fy the washing 

process. It was done using disti lled water to get rid of forei,;n matters and then dri ed in 

the oven at a temperature of 60°C for Sh. Then, it was milled and sieved using Imm 

Sieve. 

5.3. Preparation of Sorghum Flour 

Sorghum flour was prepared according to the method described by Ihekoronye (1 999). 

During preparation, two ki lograms of sorghum grains, which we re free from dir ties, 

damaged and contaminated grains were weighed, cleaned and soaked in tap water for ISh. 

During soaking, the water was changed occasionall y at intervals of 6h to prevent 

fermentation. Thereafter, the soaked grains were drained and dried on tray dryer (60°C) 

fo r 8h. After that, the dried grains were milled (attrition mi ll) and sieved th rough a Imm 

mesh sieve. Sorghum fl our produced was finall y packaged in sea led polyethy lene bags 

for blending and prcparat ion of complcmentary food Formulations. 
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5.4 PrcpllI'ation of TefT Flour 

Stones and other debris were removed from the Teff. Grains were mi llcd (attrition mi ll) 

and sieved through a I mm mesh sieve 

5.5 Prcparation of Soybcan J<'lour 

Defective grains (with holes), stones, dried pods and other debri s were rcmoved [rom the 

soybeans. The beans were then washed and soaked in distilled water 5: I v/w for 15 hour 

according to Assefa (2008). The soaked beans were placed in a sieve and allowed to 

draiJ1 . It was then lowered into a container containing boiled water [or abo ut 20 min 

(Ahima, 2005). This was done to make dehu ll ing easier, and to inactivate enzymes' 

activities. The hull s were removed manuall y and washed repeatedly using distilled water. 

The dehulled beans were then dried using tray dryer (Biosec dryer) until the moisture 

content reached I I - 13%. Then after, it was roasted using an electric oven for 8 min at a 

temperature of 120°C until it gets brown to further reduce anti-nutritive factors and 

improve the t1avor of the final product. Thc roasted soybeans were milled into fl ou r to 

obtain smooth and consistent particle sizes and sieved through Il11m as shown in fi gure 2. 

5.6 Blcnding 

The Soyabeal11 t10ur was added to maize, teff and sorghum t10ur in the ratio 30:70 (w/w) 

(Bressani and Elias, 1974) as shown in Figure 3. 

5.7 Fermentation 

Natu ral fermentation was carried out by mixing each blended and non blended flours 

with distilled water (1:2 w/v) . Two hundred gram blended and non blended t10urs were 

mixed with 400 ml distilled water in a 1000 ml beaker and were left at room temperature. 

Samples were withdrawn at periods of 0, 24, 48 and 72 h for microbiology ana lysis. 

After the end of rermentation each samples were mixed with a glass rod and transrerred 
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to aluminum dishes, and dri ed using freeze drier. Dried samples were fine ly ground and 

stored in po lyethylene bags at 4°e for subsequent analysis. 

Soaki ng in di sti ll ed 
wM.er for 1.'i h 

1 

[ Soyben seed 
1 .. 

Sort & clean 

J. 

Blanch (20min) in 
boiled water 

1 

(I Deheullini? II • 

[ Washing & steeping 1 

[ Tray::J) 

Kilning for 8 min at 
110- l300e 

1 

I Dry milling I 
1 

[ Soy flour 

1 

Figure 2. Process fl ow diagram for the production of soy flours 
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Figure 3, Process flow diagram for the production of blended flour. 
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S.8.Miuobial Analysis 

Microbial counts were made on selective media after decimal dilution of the samples 

us ing the spread plate method as described below. 

5.8.1 Total Lactic Acid Bacteria Counts 

At 24 h intervals (0, 24, 48, and 72 h) Iml of fermenting meal was homogenized in 9.0 

ml of steri le 0.1 % saline water for 30s. The mixture was seriall y diluted in sal ine water 

Maynell and Meyne ll ( 1970) . Colony-forming units (cfu) were determined from the 10 

fold dilutions using the spread plate method. One ml of the appropriate dilutions was 

mixed with molten MRS agar (Oxoid), aseptically pour-plated in dupl icates and 

incubated at 37 ± 2°C for 48 h in anaerobic jars with Anaerogen (Oxoid, Basingstoke, 

Hampshire, England). Counts were expressed as colony formi ng units (cful ml 

(Ma ll eshi el al. , 1989). 

5.8.2 Total Bacteria Counts 

At 24 h intervals (0, 24, 48, and 72 h), Iml of fermenting meal was homogenized in 9.0 

ml of sterile 0.1 % sal ine water for 30s. The mixture was serially diluted in saline water 

by the method of Maynell and Meynell (1970) Colony-forming units (c[u) were 

determined [rom the 10 fold dilutions using the spread plate method. One 1111 of the 

appropriate dilutions was mixed with molten PCA agar (Oxoid) , aseptically pour-plated 

in duplicates and incubated at 42°C for 48 h and counts were expressed as colony 

forming units (cfu) Iml (Malleshi et al., 1989). 

5.9. Physicochemical and functional pl'Operties 

5.9.1 Bulk density 

Bulk density was determined accord ing to the method given by (Chau et al.,2003). A 

graduated cylinder (10 ml), previously weighed, and filled with sample to 10 ml by 

constant tapping, until there is no further change in vo lume. The content was weighed , 
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and from the difTerence in weight, the bulk density of sample was calculated as grams per 

millil iter. 

Bulk density = weight/vo lume 

5.9.2 Water Absol'ption Capacity (WAC) 

WAC which gives an indication of the amount of water avai lable for ge latinization was 

determined according to method used by Solslli sk i ( 1962). 1.0 g of each sample was 

added to 10 ml (V I) distilled water in a weighed 25 ml centrifuge tube. The tube was 

agitated for about 5 min before being centrifuged at 4000 rpm for 20 min and the 

vo lume of the supernatant was noted in a 10mi graduated cylinder (V2). The difference 

in volume was taken as the water absorbed by the samp!P (' 'J).The WAC was expressed 

as milliliters of water held per gram of sample. (' '' ' 
,-,,--)-­

WAC = (Vl-V3) / weight of sample" density of water 

5.9.3 Oil-Holding Capacity (OIIC) 

Oil absorption capacity was determined according to the method of Bellchat (1977). I g of 

the sample nour was measured and mixed with 10mi (VI) oil (soybean oil) in a 15ml 

centrifug.e tube and stirred for 2 min. The samples were allowed to stand at room 

temperature fo r 30 min , centrifuged at 5000rpm using a centrifuge for 30 min , and the 

vo lume of the supernatant was noted in a 10mi graduated cylinder (V2). The difference 

in vo lume was taken as the o il absorbed by the sample (V3). Density of oi l was taken as 

0.895g/ml. The OBC was expressed as milliliters of vegetable oil held per gram of 

sample (Chau ef al. , 2003). 

OI-l C = (V 1-V3) / weight of sample* density of oil 
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5. 9.4 Titratable Acidity (TA) 

Twenty grams of the fermenting samples were collected 24 interval for 72 h into steril e 

bottles and mixed with 100 ml of distilled water. The mixture was a llowed to stand for 15 

min, shaken at 5 min inte rva l and fi ltered with whatman No.4 fi lter paper and 10 ml 

were pi petted from the filtrate obtained above, into conical flask and then titrated aga inst 

0.1 N NaOH to phenolphthalein end point. The percentage titratable acid ity was 

calculated by multiplying the titre value by 0.09 (Vasconcelos et al., 1990). 

5.9.5 pH 

Twenty grams of the fe rmenting samples were co llected 24 interval for 72 h into sterile 

bottles and mixed with 100 ml of distilled water. The mixture was allowed to stand for 15 

min, shaken at 5 min interval and fil tered with whatman No.4 fil ter paper, the pH of the 

filtrate was measured us ing the pin electrode of pH meter (Vasconcelos el al., 1990). 

5.1 O. Proximate Chemical Analysis 

5.11.1 Determination of Crudc Protein 

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

979.09. A digestion flask containing about I g of sample, to which 6 ml of acid mixture 

(conc.Sulphuric acid) and about 3g of catalyst mixture (K2S04 and Selenium) was 

added and exposed to about 370°C in order to allow digestion. Then, d istill ation took 

place by add ing 25 ml of 40% NaOH and using 25 ml of boric acid with 10 drops of 

ind icator solution. Finally, the distillate will be titrated with standardized O. IN HCI to a 

reddish color. Then, crude protein content will be estimated using the fo rmula :-

Total nitrogen= «(V2-VI)* N* 14.007* 100)/W) 

Where, V2 = Volume in ml of standard sulfuric acid solut ion used in the 

titration for the test material. 

VI = Volume inml of standard su lfuric acid solution used in the titration 

for the blank determination. 

N = Normal ity of standard su lfuric acid. 
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W = Weight in grams of the test material. 

N.B. Crude protein content percent per weight = total nitrogen * 6.25 for maize, teff 

and sorghum and total nitrogen 5.7 1 for soybean flour and 5.98 for the blend. 

5.10.2 Determination of Crude Fat 

A clean and dried thimble containing about 2 g of dried sample and covered with fat free 

cotton at the bottom and top was placed in the extraction chamber. Then, extraction took 

place for at least 4h according to (AOAC, 2000) official method 450.1. The crude fat 

content was determined by the formula:-

Where: 

Where: 

Weight of fat (Wf) = Wa-Wb 

Wa = Weight of ex traction flask after ex traction. 

Wb = Weight of extraction flask befo re extraction. 

Crude fat content [gIlOO] = (Wf[IOO -moisture, %]/Wd) 

Wd = Dried sample obtained after determination of moisture. 

5.10.3 Determination of Crude Fiber 

Crude fiber analysis was conducted using the method of AOAC, (2000) official method 

962.09. About 1.5g weighed sample was transferred into a 600 ml beaker and about 200 

ml 1.25% sulfuric acid will be added and bo iled for 30 min. Recording was taken by 

placing a watch glass over the mouth of the beaker. After 30 min heating by gently 

keeping the level constant with di still ed water, 20 ml of 28% KOI-l was added and again 

boiled gently for further 30 min. Subsequently, washing was conducted with I % sulfuric 

acid, NaOI-l and acetone. Then, it was filtered and dried it in the electric oven at 130 °C 

for 2h. Furthermore, it was cooled at room temperature for 30 min in a des iccator and 

weighed, then it was transferred to a crucible muffle furnace for 30 mi n ash ing at 550 

Dc. Finally, it was cooled again in a desiccators and re-weighed. The crude fiber content 

was determined by using the formula:-

Crude fiber content [(gil 00)] = [(((w l -w2) *( 1 00 - 111))/w3)] 
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Where, 

wI = Crucible weight after drying 

w2 = Crucible weight after ashing 

w3 = Dry weight 

m= % moisture of the sample 

5.1 0.4 Determination of Moisture Content 

Moisture of the flour was determined according to (AOAC, 2000) using the official 

. method 925.09. A clean dri ed and covered flat aluminum dish was we ighed and about 5g 

of the sample was transferred to the dish. The di sh was placed in the oven (memmert 854 

Schwa bach, West Germany) at 105°C for 5h and cooled in desiccators and re-weighed. 

Then, the moisture content was estimated by the formula:-

Moisture content [%J = [((weight offresh sample-weight of dry sample)! (weight 

of fresh sample» ]* 1 00 

5.10.5 Determination of Total Ash 

A dry porcelain dish containing about 2.5g sample was placed in a muffle furnace at 550 

°c for 5h and allowed to cool in desiccators and weighted, the ash content was 

determined by (AOAC, 2000) using the official method 923.03 and applying a simple 

formula :-

Total ash [%] = [((1'12-1'1)/ (wl-w»]x 1 00 

Where: 

w = Weight in grams of empty di sh 

w I = Weight in grams of the dish plus the dried test material 

w2 = Weight in grams of the dish plus ash 

5. t 0.6 Determ ination of Tota l Carbohydrate 

Total carbohydrate content of the samples including crude fiber was determined by 

subtraction of the above tested parameters from 100%. 
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Tota l carbohydrates [%] = 100- [%Moisture + % Protein+ % Fat + % Ash] 

5.10.7 Energy Value Calculation (Calorific Value) 

Energy value (ca lorifi c value) was quantified using an ind irect ca lculation method. The 

thrce groups of nutrients, wh ich provide the body with energy, are carbohydrates, fat s and 

proteins. One gram of carbohydrate (C) was assumed to give IS.7 IKJ energy; one gram 

of fat (F) 37 .71KJ energy and one gram of protein (P) 16.76KJ. The energy values for 

one gram of the three groups of nutrients which provides the body with energy was 

calculated by using specific values of Atwater facto rs for protein, fat , and total 

carbohydrate as recommended by Mahgoub ( 1999). 

To tal energy (kcall l OOg) = 

[(% available carbohydrates X4) + (% protein X4) + (% fat XS .13. 

5.10.8 Mineral ana lysis 

Zinc, Iron and calcium were determined using atomic absorption mcthod of Osborne & 

Voogt (1978). The ash obtained after dry ashing at 550 OC was treated with 7 ml of 6N 

HClto wet it complete ly and IS ml of 3N HCI was added and the dish was heated on the 

hot plate until the so lution just boils. Then, it was cooled and filtered . 10 ml o f 3N HCI 

was added to the dish and heated unti l the solution j ust boils . Finally, it was cooled and 

fil tered into the graduated flask. Using atomic absorption spectrophotometer (Varian, 

spectra-IO/20, Australia) a cal ibration curve was prepared by plotting the absorption or 

emiss ion values against the metal concentration in mgll OOg. Reading was taken from the 

graph which depicted the meta l concentrations that correspond to the abso rption or 

emission values of the samples and the blank. The metal contents will be calcul ated by 

using the formula: 

Metal content [(mg/ I OOg)] = [«(A-B)*V)/ IOW)] 

Where, 

W = Weight of sampl e in (g) 

V = Volume of extract (ml) 

A = Concentration of sample solution (elg/ml) 
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B = Concentration of blank solution (,lg/ml) 

5.11 Analysis of antinutricnts 

5.11.1 P hytic acid analysis 

About 0. 1500 g of fres h samples was extracted with 10 ml 2.4% HCI in a mechanical 

shaker for I hour at a room temperature. The extract was centrifuged at 3000 rpm for 30 

minute (Dynac " centrifuge, Clay Adams, Bacton, Dickinson and cOmpany, USA). The 

clear supernatant was used for phytate esti mation. One ml of Wade reagent (contain ing 

0.03% so lution of l'eC13.6H20 and 0.3% of sulfosa li cilic acid in water) was added to 3 

ml of the sample so lution (supernatant) and the mixture was mixed on a Vortex for 5 

seconds. The absorbance of the sample solutions were measured at 500 Im1 using UV­

VIS spectrophotometer. A series of standard so lutions were prepared containing 0, 5, 10, 

20 and 40 ,lglml of phytic acid (analytical grade sodium phytate) in 2.4% I-ICI. Three ml 

of the standard solution was added into 15ml of centrifuge tubes. Three ml of water was 

prepared to serve as standard blank. One ml of the Wade reagent was added to each test 

tube and the solution was mixed on a Vortex mixer for 5 seconds. The mixture was 

centrifuged for 10 mi nutes and the absorbancc of the solutions (both the sample and 

standard) was measured at 500 nm by using deioni zed water as sample blank. 

Phytic acid in ,lglg = {[(absorbance-intercept)/(slope*density*weight of 

sample)] * 10} /3 

5.1 1.2 Tannins'lIlalysis 

About 2.0000 g of fresh sample was weighed in screw cap test tubes. The samples werc 

extracted with 10 ml of 1% HCI in methanol for 24 hours at room temperature with a 

mechanical shaking. After 24 hours shaking, the so lution was centrifuged at 1000 rpm for 

5 minutes. One m l of supernatant was taken and mixed with 5 ml of Van ill in-I-ICI reagent 

(prepared by combi ning eq ual vo lume of 8% concentrated I-ICI in methano l and 4% 

Vanillin in mcthanol). 
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D-catechin was used as standard for condensed tannin determination. Forty mg of D­

catechin was weighed and disso lved in 1000 ml of 1% HCI in methanol , which was used 

as stock so lution. Exactly 0, 0.2, 0.4, 0.6, 0.8 and 1 ml of stock so lution was taken in test 

tubes and the volume of each test tube was adj usted to 1.0 ml with 1% HCI in methanol. 

Five ml of Vanillin-HCI reagent was added into each test tube.After 20 minutes, the 

absorbance o f the solutions and the standard solution were measured at 500 nm by using 

deionized water as blank, and thc calibration curve was constructed from a series of 

standard so lution using SPSS Version 15. Concentration of tannin was read in mg of D­

catechin per gm of sample (Maxson and Rooney 1972). 

Tannin in ~Lg/g = [(absorbance- intercept)/(slope*density*weight of sample)] * 1 0 

5. 12 Sensory Evaluation of Complementary Gruels 

The 12 complementary foods were prepared from belnded and non blended fl ours into 

gruels and subjected to sensory evaluation to test their acceptability using a fi ve point 

hedonic sca le, where 1 = di slike extremely, 2 = di slike moderately, 3 = nei ther like nor 

dislike, 4 = like moderately and 5 = like extrcmcly. A total of 30 untrained paneli sts 

(nursing mothers) wcre uscd in thi s study 1'01' three days. Each panelist were given two 

cups and tcaspoon in the morning and two in the afternoon for use in the sensory 

eval uation. The panelists were provided with clean water to rinse their mouth in betwccn 

testing of the gruel s to avoid carryover effect. Each panelist evaluated the gruels for 

color, odor, taste and overall acceptability. 

5.13 Structure of the thesis experiment 

The overall framework of experiments of the thesis is shown in fi g. 4. It generall y shows 

sample collection & preparation, blend formu lation, processing methods, sample analys is 

and performance evaluation of the product. 
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5.1 4 Statisticalllllalysis 

The data were subjected to analysis of variance in a completely randomized design using 

the method of (Snedecor el al., 1967). Significance difference was accepted at p<0.05 
levels. 
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6. RESULTS and DISCUSSION 

6.1 Moisture 

The removal of moisture generally increases concentrations of nutrients and can make 

some nutrients more avai lable Amankwah e/ at. (2009) . The moi sture contents of both 

the blended and non nonblended flours before and after fermentation obtained in thi s 

study were below 10% Table 7, 8 and 9. Such low moi sture contcnt of flours prevents 

microbial activity and extends the shelf life of the flour (Kikafunda, 2006). According to 

WFP (2006), specification the maximum requirement of moisture content of maize-soya 

blend is 10%, therefore the values obtained in thi s experi ment for all the blends and non 

blended flours are in agreement with WFP value. 

The low moisture observed for the blends and non blended flours before fermentation are 

good indicator of their potential to have longer shelflife. This is in line with the findings 

of Adebayo et of (2012). It is believed that materials such as flour and starch containing 

more than 12% moisture have less storage stabil it y than those with lower moisture 

content. The present study values are within the range to the values (3.30 to 8.45 %) 

reported from the production of legumes bel ended weaning food Egounlety, (2002) but 

lower than reported resu lts of Kanu el af.,(2009) from production and evaluation of 

breakfast cereal-based porridge mixed with sesame and pigeon peas for adults (9.8%). 

6.2 Crude protein 

The crude protein content of sorghum-soya bean, tef[-soyabean and maIze -soya bean 

fl ours before fermen tation (17.84, 16.33 and 16.5%) are significantly (p<0.05) lower 

than that of fermented blended flours· (18.67, 17.35 and 19.01%) respectively as it 

indicated in Table 7, 8, and 9. Similarly, the fermented non blended flours are 

signifi cantly (p<0.05) higher than that of unfermcnted non blended flours. 

Generall y the va lues of protein of blended flours that are obta ined before fermentation 

and after fermentation are higher than the minimum protein requirement (14%) of WFP 
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speci fication for corn-soya blend. The crude protein values are with in the range to the 

values (16.00% - 19.97%) reported by the authors La lude e/ af. (2006) of a weaning 

food from so rghum and oil - seeds and highcr than (7.68% - 8.56%) o f Amankwah e/ al. 

(2009), for maize-soybean weaning blend . The fi ndings are in agreement with the va lue 

(J 7.7%) reported by Griffith e/ af. (J 998) weaning food fro m selected cereal and 

legumes. The crude protein content va lues of the blended flo urs before and a fter 

lermentat ion arc higher than that ofmi nimu l11 rccommcnded protein ( 10%) rAO/WHO 

( 1994). 

Table 7: Macronutrient composition of fermented and unfermented sorghum and 

sorghum - soya bean flours 

Sample Moisture Protein rat r iber As h Carbohyd- Energy 

% % % % % rate% Kca lllOOgm 

rss 
3.3 Ia± 17.27'± 14.08'± 3.51'± 2.48'± 62.34 '± 423.38"± 

0.14 0.1 2 0.8 1 0.6 0.01 0.45 1.07 

SSU 4.95 b± 16.40b± II.32b± 3.86b± 2.36'± 63.72b± 438.07b± 

0.19 0.8 0.62 0.7 0.04 0.43 2.87 

FS -1. 71 '± 11.52'± 3.38'± 3.3 7"±0.8 1.68'± 76.04'± 3G7.G8'± 

0.15 0.05 0.33 0.03 0.04 1.52 

SU 5.71 d± 10.26d± 2.99d± 4. 13d±0.1 1.54'± 76.03'± 367.8 1'± 

0.13 0.29 0.2 1 7 0.08 0.03 0. 14 

Values in the same co lumn with different superscri pts are signifi cantl y different (p < 
0.05). All va lues are means of dupl icate ±S D. 

r ss= fermented sorghum with soyabean, 

SSU=unfermented sorghum with soyabean, 

FS= fermented sorghum 

SU= unfermented sorghum flour 
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Table 8: Macronutrient composition of fermented and unfermented maize- soya bean 

blends 

Sample Moisture Protein Fat Fiber Ash Carbohy- Energy 

% % % % % drate % Kcla/IOO 
gm 

FMS 
3.91'± 17.3S'± 14.16'± 4.11'± 2.4S'± 66.48"±0. 1 42S.73'± 

0.1 3 0.00 0.44 0.04 0.03 8 2.06 

MSU 
7.82b± 16.33'± 13.12'± 3.72b± 2. 16"± 70.8'± 4S3.79'± 

0.29 0.12 0.26 0.01 0.06 0.34 IS.2 

FM 
4.4S'± 8.36'± 4.60'± 2.38'± 1.04'± 7S.67'± 1.0 373 .1 7'± 

0.23 0.32 O. IS 0.29 0.14 8 2.97 

MU 
7.6 Ib± 7.38d± 4.26d± 2.42d± .93'± 80.0Sd±0. 369.3Sd± 

0.53 0.34 0.01 0.32 O.I S 26 0.86 

Values in the same column with different superscripts are significantly different (P < 
0.05). All va lues are means of duplicate ±SD . 

FMS= fermented maize with soyabean, 

MSU= unfermented maize with soyabean, 

FM= fermented maize 

MU= unfermented maize flours. 
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Table 9: Macronutrient composition of fermented and unfermented teff - soya bean 
blends 

Sample Moisture Protein Fat % Ash % Fiber % Carbohyd- Energy 

% % rate % 

lOTS 
3.31 '± 19.01'± 14 .S6'± 3.S0'± 4.S2"± 63 .60'± 40S.12'± 

0.14 0.12 0.66 0.02 0.07 0.53 0.75 

TSU 
8.3 Ib± 16.S0b± 12.28b± 2.83b± 3.32b± 68.8i'± 40S.64'± 

0.13 0.1 2 0.33 0.00 0.04 0.2S 0.94 

FT 4.69'±O.12 
8.S2'± 4. 16'± 2.3S'± 3.42'± 83.82'± 390.72'± 

0.18 0.07 0.09 0.17 0.27 0.00 

TU 
6.70"± 7.19"± 3.0I d± 2.3 8'± 3.64b'± 87.42d± 393 .86"± 

O.I S 0.1 7 0.00 O.OS 0.04 0.01 0.14 

Val ues in the same column with different superscripts are sign ificantly different (P < 

0.05). All values are means of duplicate ±SD. 

FTS=fermented teff with soyabean, 

MTU= unfermented tefl' wi th soyabean 

FT= fermented teff 

TU= unfermented te[[ (lour. 

6.3 Crude fat 

The crude fat content of sorghum-soya bean, maize-soyabean and teff-soyabean blended 

(lours be fore fermentation (12.32 , 13.12 and 12.28) are significantl y (P< 0.05) lower 

than that of the fermented (17.08, 14.16 and 14.56%) respectively as it referred from 

Table 7, 8 and 9. This is due to the superior qual ity of soybean over maize, sorghum and 

teff in terms of fat content. The crude fat content of non blended sorghum and teff 

fermented (lours (3.37 and 4.16%) are significantly (p<0.05) higher than that of 

unfermented (2.99 and 3.0 1%) respectively . Whereas the erude [at content of fermented 
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maize (4.60%) is not significantly (p>O.OS) differcnt from the unfermcnted maize (4.26%) 

as it referred from table 8. 

Crude fat values of the maize - soya bean flour before and after fermentation are higher 

than the value (12%) reported by Egounlety (2002), for nutritive va lue of high-protein­

energy legume-blended weaning flour. The crude fat val ues of the blended flours before 

and after fermentation are higher than the crude fat va lue (9.87%) reported by Lalude & 

Fashakin (2006), for weaning foods from sorghum and oil - seeds. According to the 

findings of Amankwah el al. (2009), the fat content of formu lation of weaning food from 

fermented maize, rice, soybean and fishmeal is (9 .38% and 8.7S%). Thus, all 

experimental values of the blended flours are higher than this values. The crude fat 

content of the blended flours before and after fermentation are higher than the va lue of 

WFP specification for the minimum requirement of 6% fat of corn-soya blend. The 

findings for the blended flours are comparable with the value of famix (2:7%) and higher 

than that of the value (3.67%) rcported by Shimclis, (2009) on sorghum based weaning 

food . Experimental values are within the range with the value (9.0% and 21 %) of 

Nutrend- commercially sold Nigerian weaning food . 

6.4 Crude fiber 

Weaning foods with low fiber content is very important for children cons idering their low 

gatric capacity s ince they have to consume more to get satisfied to meet their daily 

energy requirement (Eka and Edijala, 1972). The crude fiber content of sorghum­

soyabean blend before fermentation is not significantly (p>O.OS) different from that of 

the fermented blend. Similarly, the va lue of crude fiber of maize -soyabean blend before 

fermentation is not significantly (p>O.OS) different fro m that of the fermented blend. 

Whereas the fermented teff - soyabean blend is significantly (p<O.OS) hi gher than that of 

the unfermented blend as it indicted in Table 7.8 and 9. 

The crude fiber content of non blended maize and teff flour before fermentation are 

significantly (p>O.OS) different from the va lues after fermenta tion. Whereas the crude 

fiber values of sorhum-soyabean blend before fermentation significantly (1'< 0.05) higher 
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than that of the value of fermented. All experimcntal values are below from that of the 

max imum requirement (5%) ofWFP specification. 

6.5 Tota l ash 

According to Fouzia (2009), ash content is an indirect indicator of the mineral leve l of 

food staffs. As it can be seen from the Table 7, the ash content of fermented sorghum­

soyabean blend is not significantly(p>0.05) different from the unfermented sorghum­

soya bean blend. Similarly the ash content of maize -soya bean blend before fe rmentation 

is not significantly(p<0.05) different from that of the fermented blend Table 8. As shown 

in Table 9, the value of ash for the fermented teff-soyabean blend (3 .58) is s ignificantly 

(p<0.05) higher than that of the unfermented blend. Similarly, the ash content of non 

blended sorghum, maize and teff flours before fermentation (1.68, 1.04, 3.50 %) are not 

significantly (P> 0.05) different from the fermentcd( 1.78, 1. 3, and 3.68 %) respect ively. 

The ash content of blended fours are comparable with the values reported by 

Egounlety (2002), for nutriti ve value of high-protein-energy legume-blended 

complementary flours and higher than the value (.98 %) reported by Edema el al. (2005) 

for maizc-soybcan blend 

6.6 Total carbohydrates 

The amount of total carbohydrate of non blended sorghum flour before fermentation 

(77.03%) is not significantly (p>0.05) different from the fermented (77.04%). The 

nonblended maize and teff flours (80.05 and 87.42%) are significantly (P< 0.05) higher 

than the fermented (75.67 and 83 .82%) respec ti vely. The values for the sorghum­

soyabean, maize-soyabean and tcff soya bean blended flours before fermcntation (66.72, 

70.8% and 68.87%) are significantl y (P<0.05) higher than that of the fermented ( 63.34, 

66.48 and 63.60%), respecti vely as shown above Table 7- 9. 

In genera l, fermentation of cereals leads to a decrease in the level of carbohydrates as 

well as some non-digestible poly and oligosaccharides (Katongole, 2008). This was in 

agreement with the findings ofEzeji and Ojimclukwe (1993) who reported a decrease in 
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carbohydrate content with increase in soybean flour fortification. The observed decrease 

in carbohydrate during fe rmentation could be attributed to thei r uti lization in the 

fermentation process as energy sources (Fasasi, 2009). 

All the experimental values of blended flours before and after fermentation are 

comparable with the value (63.2 1 %) reported by Mbata el al. (2009) , for fermented maize 

flour and Bambara groundnut-maize blended flour. The ca lorific values for the blended 

flours before and after fermentation are lower than the val ue obtained from Famix (70%) 

but slightly higher than the va lues (60.85 and 61.99) reported by the authors Amankwah 

el al. (2009), for different blend ratio in the formul ation of weaning food from fermented 

maize, rice, soybean and fishmeal. All the experimental values of nonblended flours 

before and after fermentation are comparable with the average value of (75%) for the 

production of sorghum based weaning food reported by (Shiil1elis, 2009). Bolaji e/ al. 

(2010) reported that the total carbohydrate content of maize - soybean blend for the 

production 0"[ Ogi is (7 1.76%); that is somewhat higher than the value of the current 

study. These resu lts obta ined in this study are within the range (63.1 J -88.39%) of resul ts 

reported by Egounlety (2002), for nuiritive value of high-protein-energy legume-blended 

weaning flours. 

6. 7 CaIOl'if1e value 

Source of ca lories for an infant's diet are protein, fat and carbohydrates (Amankwah el a/., 

2009). The caloric value of sorghum-soyabean an~ maize-soyabean nours before 

fermentation (438 .07 and 453.79KcaIlI00gm) are significantly (p<0.05) higher than that 

of the fermented (423.38 and 425.73 %) respectively as it shown in Table 7. The energy 

va lue of teff -soya bean flour before fermentation (405.64Kcall l OOgm) is not 

significantly(p>0.05) different from the fe rmented blend (405. 12Kcall l OOgm). Similarly, 

the caloric value of maize and teff flo urs after fermentation (373.17 and 

390.72Kcalll OOgm) are significantly (p<0.05) higher than that of unfermented (369.35 

and 393.35KcaI/ I00gm) respect ively as shown above from table 8 and 9. This is due to 

the higher carbohydrate content of unfermented flours than that of the fermented blends 

which their carbohydrate is utilized by the microorganisms. 
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On the other hand, the increasing effect of fermentation on the valuc of protein and fat 

content of the blend surpass the decrease in total carbohydrate . Thus, the ca lorific va lue 

of" sorghum fl our be fore fermentatio n (367.68KCal) is not significantly di fferent (p>0.05) 

with fer mented sorghum (367.81). The calorific value of the blended flour are within the 

range (395 to 509 KCal. ) of previous studies such as (Griffith e/ al., 1998) of weaning 

food . The values obtained from the study are in agreement with the value (>398.9 KCal.) 

"Nutrend" (Nestle, Nigeri a-weaning diet) obtained commercially and the experimental 

value (44 1 KCa l.) obtained fro m the author Lalude & Fashak in , (2006). The va lues for 

the blended and nonblended flours are higher than that of WFP specification minimum 

requirement (380KCal.) for the weaning food from corn-soya blend (CSB) as reported 

by (Onilude,1999). 

6.8 AnI"inutri tional content of blended and non blended flours before and anc.· 

fcrmcntation 

6.8.J Tannins 

During the preparation of many fermentcd foods , tannins are reduced before the 

fermentation step because of their presencc in the seed coats of thc raw ingred ients. 

According to previous researchers, dehu ll ing and cooking eliminated morc than 90% of 

tannins in soybeans because of their predominance in the seed coats. In several fermented 

food s, the seed coat or testa is removed from the substrate before fermentation so the 

anti nutritional potential caused by the presence of tannins is of little concern (Shimclis & 

Rakshit, 2006). The values of tannins for so rghum, maize and terf flours before 

I"erme ntation (20.903.72 and 10. 7 mglIOOgm) are significantl y (p<0.05) higher than that 

of the fermented (17.33, 1.31 and 8.59mglI OOgm) respecti vely Table 10, II and 12. 

Similarl y, the values for sorghum- soyabean, maize-soyabean and teff-soyabean flours 

before fermentation (25 .69, 31.75 and 35.59mglI OOgm ) are significantly (p<0.05) higher 

than that of the fermented (18.43, 28 .28 ancl 25.9 1 mg/l OOgm) respectively Table 10. 
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The observed reduction in tannin during fe rmentation could be attributed to the action of 

the enzymes re leased by microorganisms during fe rmentation. 

Table. I 0: Antinutritional content of blended and non blended sorghum flour before 
fe rmentation and after fermentation 

Sample Tatmin Phytate 

FSS 
l8.43 a±0.66 167.93"±0.68 

SSU 
2S.69b±0.34 268.87b±0.S7 

FS 
l 7.33'±0.04 l80.S6c±2. l4 

SU 
20.90d± 1.38 360.74d±4.67 

Values in the same column with different superscripts are significantl y different (p < 

O.OS). All values are means of dupl icate ±SD. 

FSS= fermented sorghum - soyabean, 

SSU= unfermented sorghum- soya bean, 

FS=Fermented sorghum 

S U=unfermented sorghum 
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Table. I I : Antinutritional content of blended and non blended maize flour before 
fermentation and after fermentation 

Sample Tannin Phytate 

FMS 
l4. l4"±0.26 158.43"±2.2 1 

MSU 
3 1.7Sb±0.36 2 19.68b±0.7 

FM 
1.31 c±0.14 131.96c±2. 16 

MU 
3.72d±0.02 242. 18d±0.72 

Values in the same column with different superscri pts are sign ificantly different (p < 
0.05). All values are means of duplicate ±SD. 

FMS=fremented maize with soyabean, 

MSU=unfermented maize with soyabean. 

FM=fermented maize 

MU= unfermcnted maize flour. 

6.8.2 l'hytatc 

Phytate present in raw materials and foods of plant ori gin are suggested to be a major 

factor responsible for lowcring the bioavailabil ity of minera ls and some proteins 

(Sh imel is & Rakshit , 2006, Reddy el al. , 1989 , Lesteinne el al., 2005). 

Phytate for sorghum, maize and teff nonblended flours before fermentation (360.74, 

242.32 and 269.20 and 100gm) are signifi cantl y (p<0.05) higher than that of the 

fe rmented ( 180.56, 23 1.96 and IS3.06mg/I00gm) respecti vely as indicated in Table 10-

12. Similarl y, the values sorghum-soya bean, maize-soyabean and teff-soyabean flours 

before fermentat ion (268.87, 2 19.68 and272.73mg/I00gm ) are significant ly (p<0.05) 

higher tha n that of the fermented ( 167.93, 158.68 and l 88.2 1mgll OOgm) respecti ve ly. 

The observed reduction in phyate during fermentation could be attributed to the action of 

the enzyme phytase released by microorgani sms during fermentation. Phytic acid as 

powerful chelating agent red uces the bioavai labi lity of divalent cations by the formation 
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of insoluble complexes (Sandberg, 2002, Weaver and Kanna, 2002, Oberlease .1983, 

Leshenne,el al. ,200S). 

Table. 12:Antinutritiona l content of blended and nonblended leff flour before 
ferm entation and after fe rmental ion 

Sample Tannin Phytate 

FTS 
2S .9I a±1.39 ISS.2I a± 1.1 2 

TSU 
3S.S9b±2.1 1 471.2Sb± I.OS 

FT 
S.S9c±0.5 IS3.06c± 1.44 

TU 
10.70d±0.49 269.20d±0.32 

Values in the same column with different superscripts are significantly different (p 
< 0.05). All values are means of duplicate ±SD. 

FTS=fremented teff with soya bean, 

MTU= unfermented teff with soyabean, 

FT= fermented tetT 

TU=unfermented teff flour. 

6.9 Micronutrient content of blended and non blended 1'I0Ul' before and after 
ferlllentation 

6.91. hon 

The iron content of the blended and nonblended sorghum and maize flours before 

fermentation (4.08 , 2.S, 3.6, and 1.93 mgllOOgm ) are significantly (p<OOS) lower than 

of the fermented (S.27, 2.97, 6.S2 and 2.29 mg/gm ) Table 13 and IS. Whereas, 

fermentation decreases the iron content of teff-soyabean blend [rom S4.40mgll OO gm to 

48.39gm1l00gm as it is indicated in Table 14. The values of iron for the blended sorghum 

and teff flour are higher than that ofWFP minimum speci fication (3.2S mg/ l ~Og) for lhe 

manufacture of corn soya blend for infants. The iron content of the blended and 

nonblended flours before and after fermentation are higher than from the va lues 1.78 to 
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2.0 1 mgllOOg) reported by Shimelis (2009), for sorgh um based weaning food . The Fe 

content of the blended sorghum, maize and teff is higher than the value (2.5 mg! IOOg ) 

reported by (Lalude & Fashakin , 2006), for Nutrend - commercial weaning food from 

Nige ria . 

Table 13. The mineral content of blended and non blended sorghum flours before 

and after fermentation 

Sample Fe mgll OOgm Zn mgll OOgm Ca mg/l OOgm 

FSS S.27"±O.13 2.34"±0.0 1 2S9.38"±10.42 

SSU 4.08b±0.S6 2 .88b±0.06 l29.93b± l.lS 

FS 4.S7c±0.12 1.86c±0.02 42.48c±0.4l 

SU 3.62d±0.26 2.73b±0.28 48.93d±2.8 1 

Values in the same column with different superscripts are sign ificantl y different(p 

< 0.05). All val ues are means of duplicate ±SIJ. 

FSS=fermented sorghum with soyabean 

SSU=unfermented sorghum with soyabean, 

r S= fe rmented sorghum and 

S U=unfermented sorghum flour. 

6.9.2 Zinc 

The zi nc content of the blended and nonblended sorghum flour before 

fermentation(2 .88 and 2.73mg/ 100gm) are signifi cantly (p<O.OS) higher than that of the 

fermented (2.34, and I. 86mg! I OOgm), respectively as it is referred from table 13. . 

Simi larly, the z inc content of blended and non blended teff !lour (2 .79 and 264mgll OOgm) 

are significantly (p<O.OS ) higher than that of the fermented (2 .04 and 2.1 Smg/l OOgm) 

respectively as it is indicated from table 14 . Whereas, for the blended flour of maize 

. before fennentation(2.0 1mgIl00gm) is not significantly (p>0.05) different from the 
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fermented (1.l 7mg/ 100gm) as it is shown in table 15. The zinc content of the blended 

tlours is lower than that of WFP minimum specification (S mgll ~Og) for the manufacture 

of corn soya blend for infants. 

Table 14. The mineral content of blended and non blended teff flours before and 

after fermentat ion 

Sample Fe mgll OOgm Zn mg/ l OOgm Ca mg/ lOOgm 

FTS 4S .39a±0.95 2.04a±0.72 199.66a±65. 1S 

TSU 54.39b±0.47 2.79b±0.02 247.95b±3.11 

FT 73.54c±3.73 2.15"±0.02 207.76c± I .S5 

TU 69.S9c±l.S9 2.64b±0.OS 200.22d±3.10 

Values in the same column with different superscripts are significantl y different (p < 

0.05). All values are means of duplicate ±SD. 

FTS=fermented teff with soyabean 

MTU=unfermented teff with soyabean, 

FT= fermented teff 

TU=unfermented teff flo ur. 

6.9.3 Calcium 

The calcium content of sorghum- soyabean flour before fermentation is significantly 

(p<OOS) lower than that of the fermented as it is indicated fro m Table 13. fermenta tion 

significantly (p<O.OS) decreases the calcium content of non blended sorghum and maize 

flo urs from (4S .93 mgIl00gm and lS.S4 mgllOOgm) to (42.4S mg/lOOgm and 10.03 

mg/l OOgm) respectively. Similarly, there is significant (p>O.OS) decrease in the calci um 

content of the blended maize and teff flo urs from (178.44 mg/gm and 247.95mgIl00gm) 

to (133 .76 and 199.66 .93mgIl00gm), respecti vely as it is shown in Table 14 and 15. 
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The Ca content of the blended sorghum, maize and te[[ flours are higher than the value 

(22 mg/ IOOg) as it is reported by (Lalude & Pashakin, 2006), for Nutrelld - commercia l 

weaning food from Nigeria. The Ca content of the blended maize flour is higher than that 

of (4S.1 mg/ IOOg) reported by Edema el al. (200S) for maize-soybean blend. The Ca 

content of the blended flours before and after fe rmentation are higher than that of the 

value reported by Bolaj el ai. , (2010) [or the production of Ogi. All the experimental 

va lues of blended flours before and after fermentation are higher than [rom the values 

( 17 to 2S mg/ lOOg) reported by Shimeli s (2009), for sorghum based weaning food. 

Generally, calcium content of the blends can fit the minimum requirement ( 130 

mg/ IOOg) of WFP specification for the manufacture of corn soya blend for in fant s. 

Table IS. Thc mineral content of blended and non blended teff flours before 

and after fermentation 

Sample Fe mg/l 00gm Zn mg/ IOOgm Ca mg/l OOgm 

FMS 2.96"±0.04 2.01 "±0.02 133.76<i±0.79 

MSU 2.53 b±0.6 1 1.72<i±0.38 178.44b±0.00 

PM 2.29c±l.S6 1. 17b±0.06 10.03 c±O.60 

MU 1.93c±0.OS6 1.82"±0. IS l S.S4d±2.99 

Values in the same column w ith different superscript s are significantly different (p < 

O.OS). All va lues are means of dupli cate ±SD. 

FMS= fermented maize with soyabeall, 

MSU= unfermented maize with soyabean 

FM= fermented maize 

MU=unfermented maize flour. 
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6. 1 () Effect of fel'lnentatinn on phys icochemical properties of blended and non 

blended flour 

6.10.1 pH 

Fermentation significantly affect (p<O.OS) the pH values of blended and nonblended 

fl ours. As fermentat ion time increases the pH value decreased (6.7 1, 4.71 , 4.07 and 4.1 ) 

for sorghum-soyabean, ( 6.7, 4.4, 4.3 and 4.1) for maize- soya bean and (6.69, 4.S2 , 4.24 

and 4.2 1) for teff-soy flour. The same is true for nonblended flour and (6 .S3 ,S .33, 4.01 

and 4 in the case of sorghum), (6.4, 4.23, 4.13 and 3.9 1 in the case of maize) and (6.6 1, 

4.29, 4.08 and 4.04 in the case of teft) at (0, 24, 48 and 72 hour) fermentation time 

respecti ve ly as it is shown in Table 16, 17 and 19. 

Table 16; pH and titrable acidity for the blended and nonblended sorghum dough during 

the 3 days of fermentation 

pH TA 

Sample Oh 24 11 48h 72h Oh 24h 48 h 72h 

lOSS 6.71 "± 4.71 b± 4.07c± 4.02c± 0.85d± 1.S3c± 2.3i± 2.53g
;, 

0.00 0.00 0.02 0.00 0.02 0.02 0.01 0.03 

FS 6.S3"± S.33b±. 4.01 '± 4.00'± 0. 74d± I. 1 S'± 1.93r± 2.25g± 
0.03 0.01 0.01 0.00 0.03 0.04 0.04 0.04 

Val ues in the same row with different superscripts are significantl y differen (P < O.OS). 
All va lues are means of dupli cate ±SD. 

FSS=fermented sorghum with soyabean 

FS=fermented sorghum 

6.10.2 Titratable acidity 

Titratable acidity significantly (p<0.05) increased as can be seen in table 16, 17 an.d 18. 

According to Amankwah ef af. (2009) the pH decreased from 6.5-4.3 and titratability 

increased from 0.4-2.9 for sorghum- legume based complementary food s. Thus, the 
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ex perimental values are comparable with the above report. Accordin g to Akinrele ef af. 

(1970), the metabolic activi ti es of microorganisms du ring fermentation reduce the pI-I and 

increase titratable acidity. Such trend has also been reported by Bolaj ef ai., (20 I 0 ) 

where pH of fermented maize-cowpea weaning blends ranged between 4.0 - S.3. Mensah 

ef af. (1991) reported that fermented foods with low pH have some antimicrobial 

activities and as a result, exhibjt longer shelf life. 

Table 17; pI-I and titrable acidity for the blended and nonblended maize dough 

during the 3 days of fermentation 

pH TA 
Sample 

Oh 24 h 48h 72h Oh 24h 48h 

FMS 6.70"± 4.4"± 4.31 c± 4.10o± 0.88c± I.S4'± 2.34 ± 
0.00 0.00 0.02 0.00 0.02 0.02 0.01 

FM 6.4a± 4.23b± 4.13c± 3.9 Icd± 0.76c± I.ISf± 1.93± 
0.03 0.0 1 0.0 1. 0.00 0.03 0.04 0.04 

72h 

2.53 1± 
0,03 

2.23 h± 
0.04 

Values in the same row with different superscripts are sign ificantly different (p <0.05) . 

All valucs arc mcans of duplicate ±SD. 

FMS=fermented maize with soya bean 

FM=fermented maize 

Table 18; pH and titrable acidity for the blended and non blended teff dough 

during the 3 days of fe rmentation 

Sample pH TA 

Oh I 24 h 48h 72h Oh 24h 48h 
FTS 6.69a± 4.S2"± 4 .24c± 4 .2I co± 0.98c± 1.68'± 2.33g± 

0.0 1 0.00 0.01 0,01 0.02 0.02 0,01 

lOT 6.61 "± 4.29b±. 4,08c± 4.04C11± 0.79"± l.l Sb± 1.90c± 
0.02 0.08 0.02 0.02 0.03 0.04 0.04 
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72h 
2.53 11± 

0.03 

2.22d± 
0.04 



Values in the same row with different superscri pts arc significantly different (p < 0.05). 

All values are means of duplicate ±SD 

FTS=fermented teff with soya bean, 

FT= fe rmented teff 

6,11 Impact of fermentation on functional properties 

6,11.1 Bulk density 

Fermentation has been used by various workers to remove the anti nutritional factors as 

well as to improve the nutritional level and have also helped in reducing the bulk density 

of reconstituted gruels. Fermentation sign ificantly (p<0.05) decreases the bulk density of 

blended and non blended flours as it is shown in the Table 16,17 and 18 . The bulk 

density of the blended and nonblended flours after fermentation are in agreement with 

the values reported by Lalude & Fashakin (2006), for weaning food from sorghum and 

oil - seeds and nut rend - Nigerian commercial weaning food. Similarly the study values 

are comparable with value (0.68) reported by (Mesun, 2007). The bulk density obtained 

in this study are higher than the value (0.54) reported by Cuevas-Rodn 'guez et al. 

(2005) for nutritional quality of tempeh flour. The experimental values for blended and 

nonblended flours before and after fermentation are higher than the value reported by 

(Edema el al. 2005). starch and starch granules absorb a lot of watcr to reach 

gelatinizat ion peak (Perez Consesa et ai. , 2002). 
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Tab le 19: 13ulk density, water holding capacity and oil holding capacity of blcndcd and 

non blcnded sorghum flour before and after fermentation 

BO WAC 0 1-1 (mllgm) 

Sample g/ml ml/gm 

FSS .S6"±O.OI 3.0S'±O.04 2.02'±O.O3 

SSU .9S"±O. S6 l.5 b±O.03 1.91 b±O.03 

FS .71'±O.OI 3.41'±O.O2 1.99'b'±O.O 1 

SU .9S'''±O.06 I.S9bd±O.02 I.S9"d±O.06 

Values in the same column with different superscripts are significantly diffcrent (P < 

0.05). All values are means of duplicate ±SD. 

FSS=fermented sorghum with soya bean 

SSU=unfermented sorghum with soya bean, 

FS= fe rmented sorghum 

SU=unfermented sorghum fl our 

6.11.2. Water holding capacity 

The water absorption capacity is an index of the maximum amount of watcr that a food 

product would absorb and retain (Marero et aI. , 1988; Mosha and LOtTi, 1987). The water 

absorption of the fermented blended flours are significantly (p>0.05) lower than that of 

unfermen ted blends Table 19, 20 and 21. Similarly, WAC of the fermented nonblended 

flours significantly (p>0.05) higher than that of the fermented non blend flou rs .This due 

to the decrease in carbohydrate and the increase in protein and fat content during 

fermentation. The high water absorption capacity observed from the unfermented flou rs 

is because of the high percentage of carbohydrate in the form of starch and starch 

granules absorb a lot of water to reach gelatinization peak (PerezConsesa et aI. , 2002). 

The water absorption of maize and maize-soy flours before and after fermentation are 

higher than that of the values reported by Edema et al. (2005), fo r commerciall y sold 

maize and Maize-soy flour. In the thi s study, the unfermented and fermented blended 
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flours arc observcd to contain incomparab lc amount of water absorption with ( 1.34) 

reported by Emmanuel, el af. (2010), for cowpea - fortifi ed food. This is because 

addition of soybean increases the water absorption of cerea ls based weaning foods. High 

water content in a food reduces the energy density and increases the bulk of the food , and 

if the water content is too high, it will negati vely influence energy intake. Lower water 

absorpt ion is desirab le for making thinner gruels that will enhance more in-take of 

nutrients (Kulkan i ct ai. , 199 1). 

Table 20; Bulk density, water holding capacity and oi l holding capacity of blended 

and non blended teff flour before and after fermentation. 

Sample BO g/ml WAC ml/gm OHC ml/gm 

FTS .65!1±0.03 1.84'±0.85 2.23a±0.02 

TSU .83 b±0.00 1.02b±0.03 2.02b±0.03 

FT .62ac±0.00 2.10c±0.13 2.09h±0.07 

TU .97"±0.02 l. 72 n"±O. 04 l. 76'.LD .06 

Values in the same co lumn with different superscripts are sign ificantly different (I' 

< 0.05). All values are means of dupl icate ±SO. 

FTS= fe rmented teff wi th soya bean, 

TSU= unfermented teff with soyabean, 

FT=fermented teff 

TU=unfermented teff flour 
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6. 11.3 Oil absorption capacity 

The oil absorption capacity of fermented blended fl ours are significantly (p<0.05) higher 

than that of unfermented blends as it indicated from table 16, 17 and 18 . Similarly, the 

fermented non blended flours significantly(p<0.05) lower than that of the unfermented. 

This is due to the decrease in carbohyd rate and the increase in protein and fat content 

during fermentation. 

Therefore, fermentation had significantly (p<0.05) a increasing effcct on the oil 

absorption. The values obtained from current study are higher than that of (I.22ml -

2.23 ml) reported by Fouzia (2009) of extrusion cooking of full-fat soy flour. Similarly, 

oi l absorption of fermented blended and non blended fl ours are higher than the va lue 

(1.82ml, 1.44ml) reported by Assefa (2008), for different varieties of improved varieti es 

of soybean in Ethiopia 

The higher oil-binding capacity of sorghum flour suggests that this flour wou ld be useful 

in formulation of foods where an oil holding property is an important consideration 

According to Lahl and Braun (1994) lipid binding is dependent on the surface availability 

of hydrophobic amino acids. Oil absorption capacity is important as oil acts as flavor 

retainer and gives soft texture to food improving mouth-fee l (Ubbor and Akobundu, 2009; 

Aremu el al., 2006). Since the flours had good oil absorption capaci ty it suggests the 

presence of good lipophi lic constituents and therefore may be suitable for production of 

sausage, soups and cakes (Aremu el al., 2006; Kinsella, 1979). 
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Table 2 1; Bulk density, water holding capacity and oil holding capacity of blended and 

non blended maize flour before and after fermentation 

Sample 

FMS 

MSU 

I'M 

MU 

BD 

glml 

.67'±O.OO 

.S4"±O.OO 

.71 "'±O.OO 

.9Sd±O.06 

WAC OHC 

Illllgill ml/g m 

3.0S'±O.OS 2.12'±O.12 

2. 19"±O.16 2.03"±O.17 

2.06"'±O.O6 1.94'±O.O4 

J.S9,d±O.02 J.S4d±O.O I 

Values in the same co lumn with different superscripts are signifi cantl y different (p < 

0.05). All va lues are means of duplicate ±SD. 

FMS= fermented maize with soya bean, 

MSU= unfermented maize with soya bean, 

FM= fermented maize 

MU= unfermented maize flour 

6.12. Effect of fermentation on microbiological quality of blended and non blended 

flours 

Lactic acid bacteria are the predominant microorganisms at the end of the fermentati on 

(Hounhouigan 1994). The highest LAB counts were obtained at 72 h fermentation for 

all samples Table 22-24. Pattison et al., (1998) reported that high num bers of LAB in 

commercial sorghum beer and that this indicated the ability of the bacteria to survive and 

grow in an acidic environment. The low p[-1 of the beer reported ly inhibits or ki ll s 

pathogenic or most anaerobic endospore-forming bacteria, thus improving the safety of 

the product (Haggblade and Holzapfel, 1998). 
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Table 22 ; Microbial counts [or the blended and no nblcndcd sorghum dough during the 3 

days o[ fermentation. 

Lactic acid Bactcria Count Total Bacteria Count 
., 

Cfu/ml Cfu/ml 0. 
E 
oj Oh 24h 48h 72h Oh 24h 48h 72h r/J 

FSS 3. 17"± 6.00b± 7.24'± 7.92d± 6.02"± 3.90b± 2.77'± 2.03 d± 

0.25 0. 17 0.13 0.06 0.04 0.13 0.06 0.00 

FS 2.68"± 4.84b± 6.06c± 6.9I d± 5.50"± 4.78b± 4.09c± 3.92cd± 

0.28 0.11 0.09 0.08 0.04 0.30 0. 16 0.06 

Values in the same lTOW with different superscripts are signifi cantl y different (P < 0.05). 

All values are means of duplicate ±SD. 

FSS= fermented sorghum with soya bean 

FS= fermented sorghum flour 

During the onset of fermentation (0, 24,48 and 72 h). Aerobic Bactcria plate Count (APC) 

si gnifi cant ly (p<0.05) decreases as fc rmentation timc increases as it is indicated from 

Table 22, 23 and 24. This resul t indicated that as fe rmentation ti me increased, the 

microorganism, decreases. The expected decrease or elimination of aerobic bacteria is in 

agreement with the fi ndings reported by Mbata el al. (2009) for fermented maize flour 

fortified with bambara groundnut as complementary food. When water is added to fl our, 

the micro-population in the flour begins to grow and metabolize . This process is the bas is 

of the preparat ion of cereal gruels which are common complementary food s in 

developing countries. 
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Table 23; Microbial counts fo r the blended and nonblended tcff dough during the 3 

days of fermentation. 

Lactic acid bacteria count Total bacterial count 

0) Cfull OOgm CfullOOgm a. 
~ c 

Oh 24h 48h 72h Oh 24h 48h 72h '" CJ) 

FTS 2.37"± 5.00b± 6.54'± 6.92d± 7.02c± 4.90r± 2.77g± 2.03 h± 
0.25 0.17 0.13 0.06 0.04 0.13 0.06 0.00 

£'T 2.68"± 5.34b± 6.06'± 7.50d± 5.50c± 4.78r± 3.09g± 3.oi'± 
0.28 0.11 0.09 0.08 0.04 0.30 0.16 0.06 

Values in the same row with different superscripts are significantly d ifferent (p < 0.05). 

All valucs are means of duplicate ±SD. 

FTS=fermented teff with soya bean 

MTU=unfermented teffwith soyabean, 

Table 24: Microbial counts for the blended and nonblended maize dough during the 3 

days of' fe rmentation. 

Lactic acid bacteria count Total bacterial count 
0) 

Cfu/ 100gm Cfu/ lOOgm 0-
E 
'" Oh 24h 48h 72h Oh 24h 48h CJ) 

5.00b± 6.54c± 6.92d± r 4.90~ 2.7i'± 
FMS 2.37"± 7.02 ± 

0.25 0.17 0.13 0.06 0.04 0.13 0.06 

72h 

2.03 i± 

0.00 

FM 2.68"± 5.34b± 6.06'± 7.S0d± S.SOc± 4.78 r± 3.09g± 3.9i'± 
0.28 0.11 0.09 0.08 0.04 0.30 0. 16 0.06 

Values in the same row with different superscri pts are sign ificantly different (P < O.OS). 

All values are means of duplicate ±SD. 
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FMS=fermented maize with soya bean 

FS=fermented maize flour 

6.13 Sensory evaluation of gruels prepared from blended and non blended flours 

before and after fermentation 

6.13.1 Taste 

Taste is an important parameter when evaluating sensory attribute of food. The product 

might be appea ling and having energy density but without good taste, such a product is 

likely to be unacceptable. Fermentation significantly (p<O.OS) increases the taste of the 

blended flours . Similarly, the fermented teff -soybean is significantly(p<O.O.OS) more 

tasted than that of unfermented. Fermented maize soybean flour (4.67) is not 

signi ficant ly (p>O.OS) different from unfermented (4.47). For the nonblcnded flours, the 

va lues indicates that the fermented flours are not significantly (p< 0.05) different from 

the unfermented as it is shown in Table 25- 27. 

Table 25 ; Sensory evaluation of gruel s prepared from blended and non blended sorghum 

before and after fermentat ion 

Sample Taste Color Odor Overall acecptabi I ity 

FSS 4.4 7"±0.S I 4.67'±0.48 4. 80"±0.48 4.S7"±0.S6 

SSU 3.37b±0.6l 4.3 7b±0.S7 4.00b±0.66 

FS 3.97'±0.89 4.33 b±0.48 3.1 3'±0.69 

SU 3.87"1±0.82 4.S0'±0.SI 3.l0'±0.77 3.S3'± 1.1 2 

Values in the same column with different superscripts are s ignificantly different (P < 

0.05). All values are means of duplicate ±SD. 

FSS= fermcn ted sorghum with soyabean, 

SSU=unfermented so rghum with soyabean, 

FS= fermented sorghum 
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SU=unfermented sorghum flour 

7.13.2 Odor 

Odor is an integral part of taste and general acceptance of the food before it is put in the 

mouth. It is therefore an important parameter when testing acceptabil ity of formulated 

foods. Results of sensory evaluation indicated that the fermented blended flours are 

significantly (p<O.OS) preferred than that of unfermented blends. Similarly the smell of 

nonblended sorghum, maize and teff fl ours before fermentation (3 .13, 3.33 and 2.97) are 

not significantly (P < O.OS) different from the fermented (3 .7, 4.07 and 2.7) respectively 

as it is shown in table 2S- 27. Generall y, the fermented blended flours scored 

significantly higher (P < O.OS) in terms of odor than the rest of samples by paneli sts. This 

might be due to the production of flavors during fermentation by the microorgani sms 

that enhance the odor of the fermented flours to be preferred by the panelists with respect 

to in their odor. 

Table 26; Sensory evaluation of gruels prepared from blended and non blended 

maize before and after fermentation 

Sample Taste Color Odor Overall 

acceptability 

FMS 4.67a±0.48 4.67a±0.5S 4.87a±0.3S 4.S3a±0.71 

MSU 4.47b±0.S7 4.30b±0.53 4.20b±0.1 3 4.07b±0.82 

FM 4.33c±0.48 4.03 c±0.49 3.84"±0.77 4.1 7b±0.75 

MU 4.30c±0. 51 4.77a±0.43 3.8 1a±0.66 3.20d±0.99 

Values in the same column with different superscripts are significantly different (P < 

0.05). All values are means of duplicate ±SD. 

FMS= fermented maize with soya bean 

MSU=unfermented maize wi th soya bean, 

FM =fermented maize 

- 61 -



MU=unfermented maize flour 

7.13.3 Color 

Color is an important attribute 111 food choice and acceptance. Outcome of sensory 

eva luation indicated that some samples were similar in appearance while others differed 

significantly as it is indicated from Tab le 25- 27. The fermented blended flours for all 

samples are significantly (p<0.05) preferred than that of unfermented flours. Whereas, 

the non blended flours before and after fe rmentation are similar in appea rance. 

Table 27; Sensory evaluation of gruels prepared from blended and non blended teff 

before and after fermentation 

Sample Taste Color Odor Overall 

acceptab il ity 

f'TS 3.60"±0.86 4.63"±0.55 4.33"±0.61 3.53"±1.12 

TSU 2.00b±0.83 4.24b±0.53 3.67b±0.76 4.07b±0.82 

FT 3. 13c+0.73 4.03c±49 2.83 c±0.53 3. 13c±0.78 

TU 3.16c±0.93 4.70"±0.43 2.93c±0.65 2.93 c± 1.41 

Values in the same co lumn with different superscripts different (P < 0.05). All values 

are means of dupl icate ±SD. 

FTT=fremented teff with soyabean, 

TS U=unfermented teff with soyabean, 

FT=fermented teff 

TU=unfermented terf flour. 

7.13.4 Overall acceptability 

Generall y, the gruels prepared from the blended flours are highly acceptab le by 

panelists with mean scores (4.57 , 4.53and 4.07) for sorghum-soy, maize -soy and teff-
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soyabean flours respective ly as it indicate in table 25- 27. Their acceptabi lity levels were 

significantly higher (P < 0.05) than the rest of samples. Formulations TU and MU are 

significantly(p<0.05) di sli ked by paneli st as compared to the rest of samples, The 

acceptabi lity of the gruels prepared from blended fermented flours might be due to the 

advantages of fermentation process, which causes changes in food qua lity including 

texture, fl avor, appearance, nutrition and safety. The benefit of fermentation process may 

include improvement in palatability and acceptability by developing improved flavors 

and textures (Sahana & Fauzia, 2003). 
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8. Conclusions and Recommenc·7 L :ryn 

8.1. Conclusions 

This study aimed in formulatin g the complementary food that provide protein-energy 

requirement using the staple cereal, maize, sorghum and teff that are rich in essential 

limi ting amino acids, lysine & tryptophan, and protein ri ch soybean. The research was 

mainly focused on investigating the effect of fermentation process on the formulated 

complementary food. 

In the present work, it was demonstrated that fermentation process significantly changed 

the nutritional value of the complementary food by reducing antinutrients such as tannin 

and phytate. The reduction of these and other antinutrional factors that are not included in 

this study, but expected to be reduced during fermentation can lead us to the increment of 

the bioavailability of micronutrients. 

Moreover, fermentation increases the crude protein, crude fat and calorific value of 

blended flo urs. Therefore, maximum of 15% increment of protein for teff- soy blend. 

On the hand, fermentation significantly decreases the bulk density and moisture content 

which helps for the shelf life of the complementary food. The total microbial count 

decreases as fermentation time increases and the LAB count also increases. The response 

of the panelists shows that fermented complementary foods are more accepted than 

unfermented. 

Util ization of simple equipments, such as utensil s in home makes fermentation process 

suitable for low- income famil ies li ving in rural areas. Hence, fermentation is a promising 

food processing method for weaning food preparation, especial ly in developing countri es. 

Generall y fermentation comparably reduced or eliminated anti nutrients and increase 

proximate composition and decrease the anti nutrient content which increase the 

bioavailabilityof minerals. 
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9.2. Recommendation 

During the process of undergo ing thi s research paper, there had bcen some constraints 

and results. Based on this, the following recommendations are made. 

» Further stud y shou ld be conductcd on nutritive values by animal (in vivo protein 

digestibility test) to fu rther check and compare the quality of fermented weaning 

blends with the resu lts of this thes is work. 

» It is also recommended for researches to conduct other more functional 

properties such as emulsion activi ty & stability; foaming capacity & stability; 

and water solubility index. In addi tion to thi s, physic-chcmical propert ies like 

seed density, swelling coefficient, swelling capacities & indices. 

» There should be immediate use of the complementary foods prepared from the 

products because of high content of fa ts that may go to oxidation. 

- 65-



8. Reference 

Adams, M.R. (1990) . Topical aspects of ferm ented foods. Trends in Food Science & 

Technlogy 1, 141- 144. 

Adebayo, A., and Pro lin, O. (2012). Evaluation of complementary food formul ated from 

fermented sorghum, walnut and ginger, 1. Appl. Biosci. , 4, 433-441 . 

Agren, G. and Gibson, R. (1968). Food composition tablefor use in Ethiopia. I. ENI, 

Addis Ababa Ethiopia. 

Aguirre, M. & Col lins, M.D. (1993). Lactic acid bacteria and human clinical infecti 

Journal of Applied Bacteriology 75, 95-107. 

Ahima, K. 1. (2005). Formulation of weaning food using composite of maize groundnut 

an soybean and assessing its nutritional effect using an imal model. A thesis 

submitted to the department of biochemsitry and biotecll11ology in partial 

fu lfillment of the requirement for the degree of Master of Science (Food Science 

ancl Technology). 

Akinele, T. and . Omotola, B. 1986. Energy and protei n Intake of Infants and Children 

from the low income group of Ibadan. NutI'. Res. , 26: 129-37. 

Akpapunam, M.A. and Sefa-Dedeh, M.(1995). Energy .and protein Intake ofInfants . s., 
Food and Nutrition Bulletin, 16(1) Pp 75 - 80 

Alemayehu, A . (1990). Studies on the nutritional composi ti on of tef(Eragrostis 

teJ(Zucc)TrotterJ and the interactive influence of Environmental and genotype. PhD 

thesiS, Universi ty of London, London, UK 

A I Mamary, M. , AI-I-Iobori. M., AI-Aghbari , A. and AI-Obeidi , A .( 2002). in vivo effect 

of dietary sorghum tannins on rabbit digestive enzymes and mineral absorption. 

N utrition Research 21:1393-1401 

Amankwah, E.A. , Barimah, J., Acheampong, R., Addai L.a., and N naji , e.0. (2009). 

Effect of Fermentation and Malting on 'the Viscosity of Maize-Soyabean 

Weaning Blends, Palc. 1. NutI'. 8 (10): 1671-1675. 

- 66 -



Amuna, P., Zotor, F., Sumar, S., and Chinyanga, Y. T.(2000). The role of traditional 

cereal/legume/fruit-based multimixes in weaning in developing countri es. J Nulr. 

Food Sc i. 30(3): 116-122. 

AIm, L. ( 1982): Effect of fermentat ion on B-vitamin content of milk in Sweden. J01lrnal 

0/ DailY Science 65 , 353-359. 

Anglani , C. 1998. Sorghum for human food: a review. Plant Foods and Human Nutrition 

52: 85 89. 

AOAC. (1998). Official methods of Analysis. (16th ed.) Arl ington, VA: Association of 

Official Ana lytical Chemists. 

AOAC. (2000). Association of Official Analytical Chemists . Official methods of 

Analysis (VoI.II 17th ed ition) of AOAC International. Washington, DC, USA. 

Aremu, M. 0., Olaofe, 0 ,. and Akintayo, E., T .( 2006). A comparative study on the 

chemical composition and amino acid composition of some Nigerian under-utili zed 

legume fl ours. l'ak. J NutI'. 5(1 ):34-38. 

Asse fa, Yimcr, (2008). Effect of proccssing on some antinutritiona l factors of improved 

soybean (glycine max) varieties grown in Ethiopia. A Thesis Submitted to the 

School of Graduate Studies of Addis Ababa University in Partial Fulfi llment of the 

Requirement for Degree of Master of Science in Food Engineering. 

Ayana, A.( 200 I). Genetic diversity in sorghum (Sorghum bicolor (L.) Moench) 

germ plasm from Ethiopia and Eri trea. PhD Thesis, Addis Ababa Uni versity, Add is 

Ababa, Ethiopia 

Beuchat, L. R.(l 977). Functional and electrophoretic characteristics of succinylated 

peanu flour protein. J Agric. Food Chem. 25,258- 26 1. 

Bolaj i, O. A ., Olubunmi, O. A., Samuel, A. G. (20 10). Quality assessment of selected 

cerea l soya bean mixtures in ogi production. Department of Microbiology, Federal 

University of Technology, P.M.B 65 Minna, Nigeri a. , .I. Sci. 8(3):68-8 1. 

Bressani R, Elias LG (1974) Legume foods. In Atschul AM (ed), New protein foods, Vol. 

4: 23 1 -297. New York: Academic Press. 

Birch, G.G., Spencer, M., and Cameron, A.G. ( 1980). Food science (2nd and. , pp.29-37). 

Oxford, UK. Pergamon Press Ltd. 

- 67 -



Budiastra, I. ,W. , And rianyta"H."and Purwadaria,H.,k., (2000). Non-destructive 

Nutrient dete -rmination of maize using NIR Method. 

Butler,L.G. , Price,M.L.,Brotherton J.E.(I 982). Vani ll in assay for Proanthocyanidins 

(Condensed Tannins): Modification of the Solvent for Estimation of the Degree of 

Polymerzation .J.Agric.FoodChem., 30: 1087 - 1089. 

Campbell -Platt, G. (1987). Fermented food s of the world - a dictionary and guide. 

London,Butter worths. ISBN: 0407-00313-4. 

Cawley, R. , and Mitchello, T. A.( 1968): Inhibition of wheat alpha amylase by bran 

phytic acid. J Sci. Food and Agric. 19:106- 109. 

(CSA). (2000). Statistical Abstracts, various annual reports. 

CSA. (2005). Agricultural sample survey 2004/2005. Volume I: Report on area and 

production of crops (private peasant holdings, meher season): Statistical Bulletin 

33 1, May 2005. 

Chau,C.,F.,and Huang, Y.,L.(2003). Comparison of the chemical composition a phys ico 

chemical properties of different fibers prepared li'om the peel of Citrus sinensis L. cv. 

Liucheng . .foumal of Agricultural and Food Chemislly 51 ,26 15-2618. 

Chavan, J.K .• Kadam, S.S. , Salunkhe, D.K.(l989). Chickpea. In: Salunkhe, D.K., Kadam, 

S.S. (Eds), CRC Handbook of World Food Legumes: Nutritional Chemistry, 

Processing Techn ology and Utilization, Vol. f . CRC Press, Inc. , Boca Raton, Florida, 

USA, pp. 247-288. 

Chi ,I. ,De-jiag,l. ,and Chun-quan, L. (20 I 2).Effect offennentation on the nutrient value of 

maize article first puplished online, DOl. II . 1II IIj.1 365-262 1. 20 11.02904.x 

Chompreeda, P. ,T . & Fields, M,L. (1984). Effects ofheat and fermentation on the 

extractability of minerals from soybean meal and corn meal blends. Journal of Food 

Science 49, 566- 568. 

Claus, D. C. (1992). A standard ized gram staining procedure. World J Microbial. 

Biotechnol. 8: 45 1-452. 

Cossak , Z. T. and Asa, A.( 1983). Effect of protein source on bioavailabi lty of zinc in 

human subjects. Nutrition Research. 3:23-26. 

Costanza, S. , DeWet, J. , and Harlan, J. (1979). Literature review and taxonomy of 

Eragrostis tef(tet) . Econ. Bot., 33 :413 - 424. 

·68 -



Cuevas-Rodn 'guez, E.O., Verdugo-Montoya, N.M., Angulo-Bejarano, P.I., Mila ' n­

Carrillo, l .,Mora-Escobedo, R. , Bello-Pe'rez, L.A. , Garzo' n-Tiznado, l .A. , and 

Reyes-Moreno, c'(2006). Nutritional properties of tempeh flo ur from quality 

protein mai ze (Zea mays L.). LWT 39, 1072-1079. Ava ilable online at 

\I \I \V.sc icnccd irect. coill. 

Diamond, 1. (1997). Location, location, location:the first fanners. The Amcrican 

Association for the Advancement of Science. Science 278, 1243- 1244. 

De Simone, C, (1986): Microflora. v~"'!lhurt and the immune system. International 
.,. ~_, }l ..... ,... . , 

Journal a/Immunotherapy, Supi ... ··.,.: .19-23. 

Doggett, H. (1988). Sorghum, 2nd ed. Longman Scientific and Technical , New York, 

N.Y. 

Edema, M. O. and Sann, I. (2006). Micropopulation of fermenting maize meal for sour 

maize bread production in Nigeria. Niger. J. Microbial. 20(2): 937-946. 

Duhan, A. , Khetarpaul, N. and Bishnoi, S.( 2000). Changes in phytates and HCI­

extractability of ca lcium, phosphorus and iron of soaked, dehulled , cookcd and 

sprouted pigeon pea culti var. Plant Food Human N1Itri. 57 :275-274. 

Duke, l.A . (1981): Handbook of Legumes of World stability of fort ified ccreal prod ucts. 

Journalo/Food Technology 30(4): 56-62. 

Duszkiewicz-Reinhard, W. , Gujska, E, & Khan. K. (1994): Reduction of stachyose in 

legume flours by lactic acid bacteria. Journal 0/ Food Science 59, 115-1 17. 

Edema, M. 0 , Sanni , L. O. & Sanni , A. I. (2005). Evaluation of maize-soybean flour 

blends for sour maize bread production in Nigeria. AJi'ican J Biotechno/. Vol. 4 (9), 

pp.91 1-9 18. 

Egounlety, M. , 2002. Production oflegume-fortified weaning food. Food Res. Inter. 35: 

233-23 

Eka, O.,U. (1980). Effect offermentation on the nutrient status of locust beans. Food 

Chemistry 5, 303-308. 

Elmaki, B. , [-] ., Babiker, E,. E. and EI Tinay, A., H.( 1999). Change in chemical 

composition, rain mal ti ng, starch, tannin content and prote in digestibility during 

germination of Sorghun, Journal 0/ Food Science 57, 134-156. 

EI-sheikh, E.A., EFadul, I. ,A. and EI Tinay,A.(2000). Effect of cooking on 

- 69 -



antinutritional factors and in vitro protein d igestibility of faba bean grown with 

different nutritional regi mes. Food Chem. 68: 2 11-2 12. sorghum cuitivars. Food 

Chem. 64 :331 -336. 

Endeshaw, B. (l989) . Lys ine and other essential amll10 acids in va l'l ous fraction s of 

major tef seed proteins. In : Cereals of the semi arid tropics. IFS, Cameroon. 

Pp230 - 240. 

Fadlallah,L. Omima ,E. , Abdullahi , B ., Tinay,E and Elfadil ,E. (20 10). Effect of 

fermentation on biochemical characteristics of sorghum flour supplemented with 

chickpea flour . Journal of Applied Sciences Research, 6 (7). pp. 860-865. 

Ezej i, C. and P.c. Ojimelukwe, 1993. Effect of fe rmentation on the nutritiona l quality 

and functional properties of infant food formulations prepared from bambara­

ground nut, fluted-pumpkin and millet seeds. Plant Foods f or Human Nutrition, 44: 

267-276. 

Food and Agricultural Organization (FAO).(20050. FAOSTA T agricul tural database. 

A va i lable on line http ;//faostat.fao.org/faostat/. 

FAOSTA T agricultural database. Available on line hltp://faostat.fao.org/faostatl. 

(FAO). (2009). FAOST AT agricultural database. Available on line 

http ://faos tat . fao. org/faostat/ . 

FAO. (2006). Agri culture database. Available at : hltp:/apps. fao.org/page/ co ll ections? 

subset =agricu lture. 

FAO . (2009). Rice and narrowing the yield gap. Retrieved from htl p://www. fao.org/rice. 

2004 /en/f- sheetlfactsheet5.pdf 

FAO/WHO, 1994. loint FAO/WHO Food standardsprogamme Codex Alimentarious 

Commission, Foods for special dietary uses (including foods for infan ts and children) 

Volume 4. 

Fouzia Muhsin, (2009). Effect o f extrusion cooking on some quality attributes of 

full-fat soy flour and soy protein concentrate from loca ll y grown Soybean 

(Glyc ine Max L. ) varieties, A Thes is Submitted to the School of Graduate 

· 70 -



Studies of Addis Ababa University in Partial Fulfillment of Requirements for 

the Degree of Masters of Science in Chemical Engineering (Food Engineering). 

Frey, D., Oldfield , R. J. and Bridger, R.C.A. (1979). Colour atl as of pathogenic fu ngi, 

London. Wolfe Medical Publication Ltd. 

Fuller, R .(1989). Probiotica in man and ani mals. J01lrnal of Applied Bacteriology 66, 

109- 116. 

Fukushima, D. (1 999). Recent progress of soybean protein foods: Chemistry, Technology 
.. \ 

and Nutri tion. Food Review Int. 7(3): 323-352. 

Girma, A ., Mosisa, W., Dereje, B., Abdissa, G., and Demissew,K. (2001). Participatory 

analysis of off-season maize production in Eastern and Western Wollega zones. (In 

press). 

Griffith , L.D., Caste ll-Perez, M.E., and Griffith, M.E. (1998). Effects of Blend and 

Processing Method on the Nutritional Quality of Weaning Foods Made from Select 

Cereals and Legumes, published by the American Association of Cereal Chem., 

Inc, Vol. 75 , No. l,p.p 105- 112. 

Gupta, U., Rudramma, R. & Joseph, R. (1998). Nutritional quality of lactic fermented 

bitter gourd and fe rngrek leaves. in/. J of Food Science and Nutrition 49, 101-108. 

Haggblade, S., Holzapfel, W.H. (1989). Industrialisation of Africa's indigenous beer 

brewing. In: Steinkraus, K. I-f. (Ed.), industrialization of Indigenous jermenled foods, 

33 . Marcel Dekker, New York, pp. 191-283. 

Harland BF & Harland J (1980). Fermentative reduction of phytate in rye, white, and 

whole wheat breads. J food Chemistry 57, 226-229. 

Harl an, J. (1971). Agricultural origins: centers and non centers. Science 174, 468-474. 

Hesselt ine , C, W. ( 1983) .The future of fermented foods. Nutrit ion Reviews 4 1, 293-30 1. 

Hesseltine, C,W. & Wang, I-f. ,L. (1980).The importance of traditional fe rmented foods. J 

Bio- Science 30,402-404. 

Hoffmann, E. ,.M. , Muetzel" S., and Becker"K.(2003). The fermentation of soybean 

meal by rumen microbes in vitro reveals different kinetic features for the 

inactivation and the degradation of trypsin inhibitor protein. Anim. Feed Sci. 

Technol. ,! 06: 187 -197. 

Hounhouigan, DJ., 1994. Fermentation of maize (Zeamays L.) meal fo r l11awe production 

- 71 -



Il1 Benin; Physical, chemical and microbiological aspects: PhD Thesis, Agricultural 

University, Wagening, The Netherlands. 

Hotz, C. and Gibson, R. ,S. (200 I). Assessment of home-basedb process ing methods to 

reduce the phytate content and phytatelzinc molar ratio of white maize (Zea 

mays). J Agric. Food Chem.,49: 692-698. 

Hotz, C., Gibson, R.,S. and Temple, A .,1. (2001 ). home based method to reduce 

phyatate content and increase zinc bioavilab ility in maize-based complementary 

diets. Int. J FoodScie. Nutr.,52:133-142. 

Ihekoronye, A I. (1999). Manual of Small-scale Food Processing. Macmillan Publishers 

Ltd, London. Pp. 108 - 212. 

1klljen lola, V.A. and Fashakin, 1. B.(2003). The physico-chemical properties of a 

complementary diet prepared from vegetable proteins. J Food Agri. En!'. 4: 23-

26. 

lwe, M.a. (2003). Science and Technology of Soybean. Rejoint Communication Services 

Ltd. , Enugu. Pp.324-342. 

Jansen, G. , Dimaio, 1. and Hause, N. (1962). Ami no acid composition and lysine 

supplementation ofte f. J Agric.Food Chem. 10: 62 - 64. 

Jones, B. , M., Ponti, G. , 1. , Tavassoli, A and Dixon, P. , A (1978). Relationships of the 

Ethiopian cereal t 'ef (Eragrostis tef(Zucc.) Trotter):evidence [rom morphology and 

chromosome number. Annals of Botany 42: 1369-1373. 

Jordan, W.,R. and Sull ivan, C. ,Y.(1982). Reaction and resistance of grain sorghum to 

heat and drought . In 'Sorghu m in the Eighties, Vol 1,' (.T. V. Mertin, ed), ICRISAT, 

Patancheru , Ind ia pp 13 1-1 42. 

Kanu, P.1 Sandy E.H, B.A Joseph Kandeh , Bahsoon lP and 1'llIiming, Z 2009. 

Production and Evaluation of Breakfast Cereal-Based Porridge Mixed with Sesame 

and Pigeon Peas for Adu lts. Pakistan Journal of Nutrition 8 (9) : 1335- 1343. 

Kebede, M., Gezahegne, B. , Benti, T., Mosisa, W. , Yigzaw, D. , and Assefa , A (1993). 

Maize production trends and research in Eth iopia, pp. 4- I 2. In: Benti Tolessa and J,K. 

Ransom(eds. ), Proceedings of the First National Maize Workshop of Ethiopia, 

IARICIMMYT, and Addis Ababa, Ethiopia. 

Kent, N.,L. (1985). Technology of Cereal. An introduction for students of Food Science 

·72 -



and Agri c. (3 rd ed ition). Pergamen press, oxford . pp.193-202. 

Khetarpaul , N. & Chauhan, 8.,M. (1991). Sequential fermentation of pearl mil1et by 

yeasts and lactobacil1i - effect on the anti nutri ents and in vitro digestibil ity. 

Plant Foods for Human Nutrition 41 , 32 1-327. 

Kimber, C.,T.(2000). Origins of domesticated so rghum and its earl y diffusion into 

India and China. In ' Sorghum : Origin, History, Technology, and Production 

" (C. Wayn,Smith and R.A. Frederiksen, cds), John Wiley & Sons, New 

York pp 3-98. 

Kulkani , KD., D.N . Ku lkani and U.M Ingle, 1991. respiratory di stress syndrome. Crit. 

Care Med ., 24: Sorghum malt-based weaning food formu lations: 241 -246. 

Radha, C., Kumar, P.,R. and Prakash ,V. (2007). Propert ies, fl.ll1ctional properties, 

nutritive va lue. Food Nut I'. Bull., 13: 322-329. 

Kreger-van Rij N.,J.,W. (1984) . The Yeast: A Taxonomic study, 3rd ed, Elsevier Science 

Publishers . Amsterdam . 

. Krivanek, A.F., Groote, H .,D. Gunaratna, N.,S. Diallo, A.,O. and Friesen, D. (2007). 

Breeding and Disseminating Qual ity Protein Maize (QPM) for Africa. In review; 

submitted to the Afd J of Biotechnol , 56,234-242 . 

Kulkarni , K. D. , Kulkarni , D. N. and Ingle. U. M.( 19991). Sorghum malt-based weaning 

food formulations: Preparation, functional properties, and nutritive value. Food NutI'. 

Bu1U991 ; 13(4). 

Lalude. L.O .. and Fashak in. J.B. (2006) . Development and nutritional assessment of a 

weani ng food from sorghum and oil - seeds. Pakistan. J Null'. 5 (3): 257-260. 

Lalla, M. and Eskin,M.(1980). A colorimetric method for phytate determination. 

JAgric.Food Chem., 28 : 1313-1315. 

Lay, M.G. & Fields, M. L. (1981). Nutritive value of germinated corn and corn fermented 

after germination. Journal of Food Science 46, 1069-1073. 

Lazos, E.S., Aggelousis, G. & Bratakos ,M. ( 1993). The fermentation of trahanas: a 

milk-wheat flollr combination. Plant Foods for Human Nutrition 44, 45-62. 

Leistner, L. (1990) .Mould-fermented foods: recent developments. (In ' Proceedings of the 

- 73 -



Interna tiona I Conference on Biotechnology & Food' [see FSTA ( 1991) 23 4BI8] .). 

Food Biote 45. 

Lesti enne, I. , Rivier, C.M ., Verniere, C.l ., Rochette, I., and Treche, S. (2005). The 

effects of soaking of who le, dehulled and ground mi ll et and soybean seeds on 

phytate degradation and Phy/Fe and Phy/Zn molar ratios. In!. .! Food Sci. Tech. 

40(4): 391-399. 

Leshemc, I Caporiccio, B ., Besancon, P ., Rochellc, I., Treche, S. , (2005): Relative 

contribution of Phytate, Fibers and Tannins to low Iron and Z inc in vitro solubi li ty in 

pearl mi llet (Pennisetun glaucin) fl our and grain fractions. J .Agric .Fd. chem., 53 

(2 I ):8342-8348. 

Liener, I. E. and Kakade, M. L. ( 1980). Protease inhibitors. ln Liener, I. E. (cd.) Toxic 

CO ll st itucnts of Plant Foodstuffs. Academic Prcss, New York, pp. 7-7 1. 

iVla hgoub, SEO., 1999. Producti on and evaluation of wean ing foods based on sorghum 

and legumes. Plants Foods Hum. Nutr., 54: 29-42 

Makkar, I-I. ( 1993). Anti-nutrit ional factors in foods for livestock. In : Gill , M. , Owen, E., 

Pollot, G.E. , Lawrence,T .L.J. (Eds), Ani mal Product ion in Developing Countries. 

Occasional publication No. 16.British Society of Anima l Production, pp : 69-85 . 

Ma lleshi NG, Daodu MA, Chand rasekhar A (1989). Deve lopment of weaning food 

formulations based on malting and rol ler drying of so rghum and cowpea. Int . .J. 

Food Sci. Technol. 24: 5 11 -519. 

Marero, L.M., Pajumo, E.M . Librando, E.C. (1988). Technology of weaning food 

formulation prepa red from germ inated cerea ls and legumes . .! Food Sci. , 53, 139 1 

- 1395 . 

iVlaxson. E. D. , Rooncy, L.W. Eva luati on of methods for tanni n ana lysis in sorghum 

grai n. Cereal Chem. 1972,49: 7 19-729. 

Mbata, I. , Ikenebomeh, M. J . and A laneme, J . C.(2009). Studies on the microbiological 

nutrient composition and antinutri tional contents of fermented mai ze flour for tifi ed 

with bambara groundnut (Vigna subterranean L). Afi"ican.! Food Sci. (3) 65-171. 

Mekibeb, 17. (2009). Farmers' breeding of sorghu m in the center of diversity, Ethiopia. J: 

Socio- ecotype d ifferen tiation, vari etal mixture and efficie ncy. Maydica 54: 25-27. 

Mey ell , G. G. and Meynell , E . ( 1970). Theory and Practi ce in Experimcntal 

- 74 -



Bacteriology. 2nd Edn, Cambridge Uni v. Press, U.K. P. 347. 

Mlihailovic, Y., Mikic, A. , and Cupina, B. (2004).Botanical and agronomic 

classificat ion of fodder pea (Piswl! sativwl! 1.). Acta Agriculturae Serbica, IX, 17, 

special issue, 61-65. 

Mlihailovic, Y. , Mikic, A. , and Cupina, B. Manojlovic, M. , Krstic, D., Cabi lovski, R., 

Yasiljevic, S. and Halmajan, H. , Y. (2007). Potenti al of annual legumes for 

forage and green manure production. Scientifical Papers, Faculty of Agriculture, 

Timi~oara, Romania, XXXIX, I, 249-254. 

Miller, E. (1996). Minerals. In: food chemistlY chapter 4(0.R. Felmema,ed.). Marcel 

Dekker Inc. New York. Basel. Hong Kong. 

Ministry of Economic Developmcnt and Cooperation (MEDaC) (1999). Survey of the 

Ethiopian Economy. Review of post reform dcvelopments ( 1992/93-1997/98). 

Mital, 8.i( . & Garg, S. K. (1995). Anticarcinogenic, hypoholestero lemic and 

antagonistic activitics of Lactobacillus acidophilus. CRC Critic. Rev. ivficrobiol. 

21,175-214. 

Mohammed, H. , Isam, A., Mohamed, A.and Elfad il, B.( 20 11 ) . Nutritional Evalualion 

ofSorghwl! Flour (Sorghum bicolor L. Moench) During Proc~ssing of1njera 

International Journal of Biological and Life Sciences 7: 111-123. 

Mohiedeen, 1. E. Tinay, A. H, E. Elkhalya, A. E. o. E., Babiker, E and Mallasiy, O. 

L.(20 10). EtTect of fermentation on in vitro protein digestibil ity, protein fractions 

and amino acids composition of maize (Zea mays Linnaus) cultivars. Elec. J Env. 

Agricult. Food.Chem. 9: 838-847. 

Monj ula, S. and John,E.(199 1). Biochcmical changes and in vitro protein digcstibility of 

endosperm of gcrminating Dolichos lab/ab. J Sci. Food Agric. 55 :429-438. 

Murdock, F.A. & Fields, M.L. (1984). B-vitamin content of natural lactic acid fcrmented 

cornmeal. Journal of Food Science 49, 373-375. 

Murty, D, S. and Renard, c.( 200 1). Sorghum. In crops in tropical Africa. Raemaekers, R. 

H (ed.). pp 68-96. Brussels. Bel gium. 

Mosha, A.C., LOlTi, W.S.M. ( 1987). Hi gh-nutrient-density weaning foods from 

germinated cereals. In: A lnwick D, Moses S, Schmidt OG, eds. Improving young 

child feedi ng in Eastern and Southern Africa. Nairobi, New York, Stockholm: 

- 75 -



IDRC, UNICE J7, SIDA,288- 99. 

Nnam, N.M. (1995). Eva luation of nutritional quality of fermented cowpea (Vigna 

ungu iculata) flou rs. Ecology 0/ Food and Nutrition 33, 273 -279. 

Oberleas, D., (1983): Phytate content in cereals and legumes and methods of 

determination. a Cereal., 28: 352-35 

Obizoba. I.C. & Atii , J.V. (1991). Effect of soaking, sprouting, fermentation and cooking 

on nutrient composition and some anti-nutritional factors of sorghum (Guinesia) 

seeds Planl Foods/or Human Nutrition 41, 203 -212. 

Obizoba, I. C. & Egbuna, H.I. (1992) .Effect of germination and fermentation on the 

nutritional quality of bam bar a nut (Voandzeia subterranea L. Thouars) and its 

product (milk) . Plant Foods/or Human Nutrition 42, 13-23. 

Odunfa, S.A. & Komolafe, o. B.(l989). Nutritional characteristics of Staphylococcus 

species from ferment ing African locust bean (Pat·kia biglobosa). Nahrung 33, 

607-6 15. 

Olankjo ,S.A., Omueti, O. ,Ajoma~- --0. and Ogun bodede, B.A. (20007). Development of 
( .. 
, - .. J 
e • 

• , l ~ ~. 

Quali ty Prot ien Maize: biochemical and agronomic evaluation, tropical and 

subtropical agro ecosystem, 7:97- 104, Institute of Agricaltura l research and 

Training,Obafimi Awolow University. 

Oni lude, A.A., SalUli, A. I. and Ighalo, M. I. (1999). Effect of process improvement on the 

physico-chemica l properties of infant weaning food fro m fermented composite 

blends of cerea l and soybeans. Plant FoodsjiJr Hum. Nutr. 54: 239- 250. 

Osman, M.A. (2009). Effect of germination on nutri tional quality of pea rl millet. Journal 

0/ Agriculture and Technology 3(8) : 1-7. 

Osman, M. , A. Reid, M. R. and Weber, C.W. (2003). The effect offeeding tepary bean 

(Phaseolusacutifolius) proteinase inhibitors on the growth and pancreas of young 

mice. Pakistan} a/Nutrition 2:1 11-11 5. 

Paredes-Lopez, O. & Harry, G. ,1. (1988). Food biotechnology rev iew: traditional sol id­

state fe rmentations of plant raw material s - application, nutri tiona l sign ificance and 

future prospects.CRC Critical Reviews in Food Science and Nutrition 27. 159- 187. 

- 76-



Pcrcz-Conscsa, D. , G. Ros and M.l. Peri ago, 2002 Protein quality of infant cereals during 

process ing. J. Cereal Sci., 36: 125-1 33. 

Poppel , G., Y. & Schaafsma,G. (1996). Cholesterol lowering by ajill1clional yoghurt. 

Food Ingredients Europe, Confe rence proceedings, 3 1-32. 

Prasanna, B.,M., vasal, S. ,K., kassahun, B.,and Singh, N.,N. (2001). Quality Protein 

Maize,direc torate of maize research, Ind ian agricultural research institute. New 

Delhi 110012, In . current sci., vo l. 81 , no. 10,25: 1308- 1319. 

Rashid , S. (20 I 0) . Staple Food Prices in Ethiopia. In Variation in staple food prices: 

Causes, consequence, and policy options, Maputo,Mozambique, 25-26 January 

2010. Retrieved from http://progral11mes.col11esa.int/attaclU11entsI186_AAMP%20 

Ethiopia%20backg round % 20 paper% 20(5%20Jan).pdf 

Reddy, B.S ., Ekelund, G. , Bohe, M., Engle, A. & DomellOf, L. (1983). Metabolic 

epidemio logy of colon cancer: Dietary pattern and fecal sterol concentrations of three 

popUlations. NUlr. Cancer 5, 34-40. 

Reed, G. (1981). Use of microbial cultu res: yeast products. Food Technology 35, 89-94. 

Rice, A.L. , L. Sacco, A. Hyder and R.E. Black, 2000, Malnutrition As An Underlying 

Cause Of Childhood Deaths Associated With Infectious Diseases Tn Developing 

Countries. Bull. World Health Organ, 78: 1207-1221. 

Roos, U. , Caneva, P. , Escher, F. & Amado, R. (1990). Influence of fermentation on the 

phytic acid content of conventionally produced bread. Processing and Quality of 

Foods, Vol. 2, Food Biotechnology: Avenues to Healthy and Nutritious Products. ed. 

Z. e. al. ISBN I 85 1664963 , pp 2.105 2.110. 

Robertson, L.G ., Monredon, F.D. , Dysseler, P., Gui llon, F. , Al11ado,R. and Thibault, F..I. 

(2000). Hydration properties of dietary fi bre and resistant starch: a European 

co llaborative study. Lebensl11 . Wiss. - Technology. 33: 72-79. 

Sahana, P. , and Fauzia, I-I. (2003). Fermented Cereal from Indigenous Raw Materials, 

Food Microbio logy section, Institute of Food Science and Technology, Bangladesh 

Council of Scientific and Ind ustria l Research, Bangladesh, Pak. J. of Nutr. 2 (5): 

289-291 

Sandberg, A.S. 2002. Bioavailabi li ty of minerals in legumes. Br. J. Nutr. 88(3): S28 1-

S285. 

- 77-



\ 
I 

Schncide, 1<. & Anderson, L.( 2010). Yield Gap and Productivity Potential in Ethiopian 

Agri cu lture: Staple Grains & Pulses Prepared/or the Farmer Productivity 

Team,o/ the Bill & Melinda Gates FOllndation, EPAR Brief No. 98. 

Singh, M. and Kirkorian, A. D. (1982). Inhibition of trypsin activity in vitro by phosphate. 

Journal 0/ Agriculture Food Chemisfly 30:700- 703. 

Shahani , K.M. (1983). Nutritional impact oflactobaci ll ic fermented foods. Nutrition and 

the Intestinal Flora . ed. B. Hallgren ISBN 91 2200593 5. 

Shimel is Kenaw. (2009). Development of rice bas~d baby foods , a thesis submitted in 

partial fulfillment of the requirements for the MSc Degree in Food Engineering, 

Department of Chemical Engieering, Faculty of Technology, and Addis Ababa 

Univers ity. 

Singh, U. , Kherdekar, M. S. and Jambunathan, R. (1982) . Studies on Desi and I<abu li 

ch ickpea (CiccI' arietinum L) cu ltivars. The levcls of amylase inhibitors,leveis of 

oligosaccharide and in vitro starch digestibility. J Food Sci. 47 : 510-512. 

Sneath, P. A. , Mail', N.S ., Sharpe, M.E. and Holt, J.G. (ed)(1986). Bergey's Manual of 

Systematic Bacteriology, Vol. 2. Williams and Wi lk ins Co Baltimore. 

Snedecor, G. W, and Cochran, W.G. (1967) . A stati stical method. Lowa State University 

Press, Ames, Lowa, USA. 

Sofi,P.A., Wani, S.A.,Rather, A. G., and Wani , S.H. (2009). Quality Protien Maize 

(QPM): Genetic manipulation for the nutritional fortification of maize, J. of Plant 

Breeding and Crop Sci. Vol. 1(1 6) .pp.244-253 . 

Solsu lski, F.W. (1962). The centrifuge method for determining flour absorptivity in hard 

red spring wheats. Cereal Chem. 39: 344-347. 

Speek, A.1. , Speek, S. S. & Schreurs, W.H. (1988). Total carotenoid and bcta-carotene 

contents of Thai vegetables and the etTect ofproccssing. Food Chel11. 27,245-257. 

Stanbury, P.F., Whitaken, A., and Hall, S..J. (2003) . Principles 0/ Fermentation 

Technology, 2nd edn, Elsevier Science Ltd. 

Tadesse, E. (1975). Tef(Eragrostis te/) cultivars. Morphological and classi fi cat ion. Part 

II. Agricultural Experimental Station /Julletien, 66, Addis Ababa Univcrsity, 

Col lege of Agriculture, Dire Dawa, Ethiopia. 

- 78 -



Tanno, K .. and Willcox, G. (2006). The origins of culti vation of Cicer arie/inllm 1. and 

Vicia jetba 1.: earl y finds from Tell el-Kerkh, north-west Syria, late 10th 

millelUliul11 B.P. Vegelalion His/DIY and Archaeobo/any 15(3), 197- 204. 

Taranto, M.P., Sesma, F. , Pesce de Ruiz, H. A. & Valdez, G.F.d. (1997). Bile salts 

hydrolase plays a key role on cholesterol removal by Lactobaci llus reuteri. 

Biolechnology Letlers 19,845-847. 

Tavasso li , A.( 1986). The cytology of Eragroslis wi th special reference to E. tef and its 

re latives. Ph.D. di ssertation, London Uni versity, London, UK. 

Udensi, E. A. , Onwuka, G. l. and Oyewer, C. R. (2005). Effect of autociaving and boiling 

on some antinutritional factors in Mucuna sloanie. Nigeria Food 1. 23:53-58. 

Ullah, U. , Muhammad, A., and Arifa, F.(020100). Chemical and Nutritional Properties of 

Some Maize, '(Zea mays 1.) Varieties Grown in NWFP, Pakista Pakistan Journal 

of Nutrition 9 (11): 111 3-1 11 7. 

Uraga, K., and Narasimha, I-l.V. (1997). Effect of natural fermentation on the HCI­

extractabi li ty of minerals from Teff(Eragros/is tefj). Bull. Chem.Soc. Ethiop. 11, 

3- 10. 

Vaintraub, l.A. , and Lapteva, N.A. (l988).Colori metric determination ofphytate in 

unpurified extracts of seeds and the products of their processing. Anal. Biochem., 

175: 227 -230. 

Vaishal i, V,A., Medha, K.G., & Shashi. A.c. (1997). Effect of natural fermentation on in 

vitro bioavailabili ty in cereal-legume mix tures. in/. 1. of Food Science and 

Technology 32, 29-32. 

Varela, G., Morei ras, 0., Carbajal, A. and Campo, M. (1995). Na/ional Study in 

Nutrition and Alimentation 1990191; Publicaciones de l Instituto Nacional de 

Estad t'sti ca: Madrid, 

Vasconce los, A. '1'. , Twiddy, D. R. , Westby, A. and Reilly, A. J.A.( 1990). Detoxification 

of Cassava during Gari Processing. international Journal of Food Science and 

Technology 25: 198-203 . 

Vavi lov, N.l. ( 195 1). The origin, vari ation, immunity and breeding ofeult ivated 

plants. Chronica Bo/anica 13: 1-366. 

Weaver. C.M. and Kanna, S. (2002). Phytate and minera l bioavai lability In: N.R. Reddy 

- 79 -



and S.K.Sathe, ed itors food phytates. CRC press boca raton. P.211-224. 

Wharton. B. (1989). Weaning and child Health . Annu. Rev. Nulr. 9: 3 77-9-1. 

World Bank (2006). Ethiopia at a glance. Retrieved from http://devdata.worldbank. 

org/AAGI eth_aag.pdf. 

World Bank (2007). Explaining Sources of Food Price Inflation in Ethiopia: A Just in 

Time Policy Note 

Yigzaw, Y. , Gorton l , L. , Aka lu, G.and Solomon, T.(2001). Fermentation oftcff 

(Eragroslis Ie!) , grass-pea (Lalhyrus salivus), and their mixtures: Aspects of 

nutrition and food safety, Lathyrus Lathyrism Newsletter 2 

Zohary, D. and Hopf, M. (1973) Domestication of pulses in the old world . Science 182 , 

887- 894. 

- 80-



Annex 

Sensory eva luation score card using ninc five point hedonic scale 

Panelist code/name: ______ sample code: ______ date: _____ _ 

Overall 
Sensory perception Sensory quality attributes 

acceptability 
(score) 

Taste Color Odor 
hedon ic scale 

I =disli ke extremely 
I =Extremely 

unacceptable 

2=clisli ke moderately 
2=moderate ly 

unacceptable 

3=neither 
3=neither like 

acccptable nor 
nor dislikc 

unacccptable 

4=like moderately 
4=moderately 

acceptable 

S=like extrcmely S=Ex tremely 

acceptable 

- 81 -


