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Abstract 

NlIIrilional composition, microbiology and sensO/y characteristics oj' germinated and 

fermented low lannin sorghum (Sorghum bicolor L. Moench) variety ("teshole ") and 

kabuli chickpea (Cicer arielinum L.,) variety ("harbu ' ) blend were invesligated. 

Traditional processing (germinat ion and jimnel1lation) methods were observed to be 

effective in reducing antimllritional facto rs. Siondard Methods o/AOAC were usedfor 

analysis o/nlltritionol compositions. Porridf!,el lI'ae evaluated/ur their acceptobilitv test 

using a nine poinl hedonic scale. Tvlal p/ole ('ollnl (lnd IOe/ic acid baclerial cOllnl Irere 

enumerated using Plate Count Agar and MRS ogCt/; re.sjJectively Fermentation for -18 

hours reduced the tOlal baclerial count from \I 57 to 3. 1610gcjil/m by reducing the pH to 

the level of <-1.5 which inhibited the gruIL th of tolal bacterial count to the level 

<410gcji.t!ml. Combined ejfect of germination ond jimnentalion increased crude protein 

from I3.55 to 15.78. total energy frum 4lU.3:! tu -115.11. colcium ji'om 51.-19 to 57. 76. 

zinc from 2.676 to 3.17 and phosphorus from 26.11 to 38.87 Ing/ fOOg, but decreased 

crude fiber/rom 3. 05 10 2.4 7, carbohydratefi'om 78. 90 to 76.74. iron ii'om 5.29 to ·128. 

phytale from 52.02 to 20.10 and tannin ji'om 38.35 10 3-1.19 mg/ IOOg of 

sorghumlchickpea blend. Over all senson ' acceptability of jermentedlf!,erminated 

sorghumk hickpel/ blended parric~f{e " 'os mo/"{' liked h,. the ponelists. ClIlI1hined etr~ct or 
germination/fermentatiun increased the energl density of sorghum/chickpea blend by 

reducing viscosity from 5122cP (cuntrol) tu 1Y86cP (acceptable value 0/ viscosity jur 

young children). II can be concluded thaI. genninu/;on Cine/fermentation were observed 

to decrease the tolal bacterial count, increase energy density by decreasing the viscosity 

of porridge and increase the sensory acceptability by improving Ihe organoleptic 

property a/porridge prepared from LOlli tannin sorghumlchickpea bLend. 

Key I\lords: Germimition, Fermentation, Complementary food, Ant inutritiol7al jilclvrs, 

Low tal7nin sorghum, Chickpea. 
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Chapter One 

1. introduction 

1.1. Background 

In many developing countri es, porridges used as complementary foods for yo ung children 

are generally prepared from cereal s or are mi xed with legumes in water. The dry matter 

concentration of traditional ly prepared complementary foods by mothers or at sma ll-scale 

in traditional producti on units is not generall y suffi cient to prov ide the energy and the 

nutrients necessary to meet the nut ritional req uirements of young children (Sanni . 

Onilude, and Ibidapo,' 1999: WHO/NUT. 19n) ,,·hi ch is be low the va lues recommended 

by Dewey and Brown (2003) for complementary foods. Consequentl y. these resul t in 

under-nutrit ion of the infant and yo ung children . 

Sorghum is an important staple food. part icul arl y in semi-arid tropical reg ions of Afri ca 

and As ia (Balole. 2005). It is commonl y known that the main nutriti onal drawback 

so rghum, is their low protein content and the limited biological quality of their prote in 

(highl y defi cient in lys ine and tryptophan) compared to animal protein . Nevertheless. the 

protein quality can be improved by combin ing it with other ri ch sources of protein 

(Joseph, 2009). The tannin content of so rghu m also affec ts its nutritional va lue. Hi gh­

and low-tannin so rghum types are di stinguish"d Hig h-tannin sorghum typc's (someti mes 

ca ll ed ' brown sorghums' , although the grain ma y also be white. ye ll ow or red) have less 

nutri ti onal value but have agronomic ad vantages. including resistance to birds. insects, 

fungi and decreased sprouting in the pan icle. -.;orghum types without a pigmented grain 

wall (, white so rghums') do not contain condensed tann ins and have a nutritional value 

similar to that of maize (USDA , 2004 ). 

Chickpeas are one of the oldest and most widely consumed legumes in the world . 

parti cularl y in tropical and subtropical areas. Chickpea has significant amounts of all the 

essential am ino ac ids except sul fu r containing types, which can be complemented by 



add ing cereals to daily diet. Lipids are present in low amo unts but chickpea is ri ch in 

nutri tionall y important unsaturated fa tty acids like lino leic and oleic ac id . 

Germination and fermentation treatments have been employed by va ri ous com muniti es to 

enhance organolepti c properti es of foods. Germi nation increases the endogenous ph ytase 

acti vity in cereal s, legumes, and oi l seeds thro ugh de Novo synthes is. act ivation of 

intrinsic phytase or both leading to reducti on of tota l phytates in the cerea ls thus 

enhancing their nutritional val ue. Another bencl icial effect of ge rmination is the increase 

in the activity of a-amylase enzyme of cerea ls, espec ia ll y in so rghum and millet. The 

complex carbohydrates are h.ydrol yzed to dextr ins and maltose, reducing the viscos ity of 

th ick cereal porridges without dilution with water while simultaneously enhancing their 

energy and nutrie nt densities (G ibson et al.. 1998) 

Fermented food has many benefi cia l product effects on food. These inc lude biomass 

proteins and amino acids, vitamins, minera ls, ca rbohydrates , fl avo r and aroma 

compounds. These alter the pH of foods to lel'cls that reduce the growth of pathoge ni c 

microorganisms. Fe rmentation therefore, not only enhances food safety and shelf li fe, 

natura ll y preserving the food, but also enhances nutri tional va lue (Gibson et aI. , 1998). 

Adequate nutrition is essentia l fo r children's hea lth and deve lopment. But. inadequate 

intake of protein in developing countri es has led to various forms of malnutrition in 

chil dren. It has been reported that in developing countries; protein malnutrition persists as 

a principal health problem among children bel\l" the age of Ji ve. Under nutrition is al so a 

major ca use of di sability preventing childr,' " \o\ho survive J'rom reachi ng the ir fu ll' 

deve lopment potenti al. Chi ld undernutrition is assoc iated with shorter adu lt height, lower 

level of academic achievement, reduced adult income. and low birth of their pregnancy 

(EHNRI , 20 I 0). The incidence of malnutri tion ri ses sharpl y during the peri od from 6 to 

18 months of age in most countri es, and the deficits acquired at thi s age are di ffi cult to 

compensate fo r later in childhood (W HO, 2002 ). 

2 



Supplementat ion of cerea ls with loca ll y available legumes rich in protein increases the 

protein content of cereal- legume blends and their protein quality through mutual 

complementation of their indiv idual amino acids (Joseph, 2009). For example. Joseph 

(2009) demonstrated that mi xing sorghum wi th Cllwpea at ratio of 70:30 (w/w) improved 

nutritional quali ty of ferm ented gruel (Ogi) suo, tantial ly. Bul. there is information gap on 

effect of germination and fermentation specili ca ll y on sorghum/chickpea blend as to 

enhance nutritional compos ition. hygienic condition and organoleptic charac teri sti cs as 

complementa ry childhood food preparation. The potential of blending sorghum with 

chickpea in Ethiopian child nutrition has general ly been underest imated and there are also 

knowledge gap to approp riate blending and process ing these gra ins to the wide use in the 

country. So that the current study focus on the effect of germ ination and fermenta tion on 

energy density, micro flora and sensory characteri stics of law tannin sorghum va ri ety 

blending with chickpea to prepare comp lementary ch ildren porridge. 

1.2. Statement ofthe problem 

Poor complementary feeding practices contri bute to malnutrition. The Ethiopian DH S 

2005 fo und that in Ethiop ia. one-fourth of child ren between 9-23months of age were not 

receiving complementary foods. Those who" ere fed complementary foods rece ived too 

few mea ls. and these foods lacked critical micronutrients. Ethiopian Demographic and 

Health Survey (2005) show that Forty-seven percent of children under five are stunted 

and 24 percent are severely stunted. Eleven percent of children under fi ve are wasted and 

2 percent are severe ly wasted. The we ight for age indicator shows that 38 percent of 

children under fi ve are underwe ight and II pe rcent are severel y underweight (EDH S. 

2005). Because of thi s. in Ethiopia it is esti mated that under-nutrition is responsible. 

directly or indirectly for 53% of all under 5 mll rtalit) (W HO. 2002). 

The main dietary sources of iron and zinc in i:.thiopia are cerea ls and legumes whi ch are 

of low energy density and contain antinutritional facto rs that reduce the bioavai lability of 

nutrients (Melaku, 2005). Sorghulll have 10" prote in content and lim ited biological 

quality of their protein (high ly deficient in lysine and tryptophan) but rich in methion ine 

and th reonine. and chickpea is defic ient in suli'ur containing amino acid (methionine and 
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cyste ine) but rich in lys ine and tryptophan. When blended, they complement the essential 

amino ac ids which are lim ited to one other. There is al so high content of antinutritional 

factors which limits the use these foods as complementary food. 

Different technologica l methods have been lested to increase the energy density and 

nutritiona l compos ition of cereal/legume based L"O mp lementary foods fo r yo ung child ren. 

Drum drying and extrusion cooki ng. are either I,)l) complicated or too expensive for 10"­

income families in Ethiopia. Th us. practica l. low-technology processes for production of 

complementary foods wi th adequate paste viscosity and nutrient density are needed. The 

present wo rk aimed to increase the energy den, ity of so rghum based complementary food 

by blending with chickpea and process ing using trad itional process ing methods 

(germi nation and fermentation) to minimize the anti -nutritonal factors and improve the 

nutritional bioavailabili ty . These processes are chosen according to the ir potent ial to 

favor partia l sta rch hydrolys is (germ inated cereal s and fermentation) and also t9 improve 

hygienic conditions (fermentat ion). 

1.3. Significance ofthe study 

The results of this study wi ll have the fo ll owing significances: 

.:. It provides necessary informati on aboul blending. germ ination and fermentation 

of law tannin sorghum/chickpea blend . resulting in improved hi gh energy density 

complementary food . 

• :. It will contributes in overcoming preva lence of malnutrition with prov iding 

nutrit ional ly rich and anti-nutritional I) low white so rghum/chickpea blended 

complementary food . 

• :. It can be used as a base line data for funher resea rch in the same area to compare 

nutritional status of white sorghum/chickpea blended flour with other varieties of 

so rghum/chickpea and also new produci ck velopment by using sorghum/chickpea 

flour. 

.:. It can be used as refe rence materi al for siudents. teachers and other researchers in 

related areas. 
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1.4. Hypothesis of the study 

Ho: - Germination and fermentation have nll effect on the sensory characteri stics. 

microfl ora and energy density of germinated and fermented porridges from low tann in 

sorghum/chickpea blend as complementary food. 

H 1:- Germinat ion and fermentation have signilicant effect on the sensory characteri sti cs. 

microflo ra and energy density of germinated and fermented porridges from law 

tannin sorghum/chickpea blend as comp lemenl nl") food. 

1.5. Objectives of the study 

1.5,1. General objectives 

The general object ive of th is study was to in vestigate the effects of germination and 

fermentation on the sensory characteristics, microfl ora and energy density of fermented 

porridge from low tann in sorghum/chickpea blend as complementary food. 

1.5.2. Specific objectives 

The spec ific object ives of th is study are: 

I. To eval uate the microbio log ical l"I1Mac te ri stics during sorghum/chickpea 

fermentation. 

2. To assess the effect of ge rminat ion and fe rmentation on nutritional composition of 

the sorghum/ch ickpea blend. 

3. To investi gate the effect of germinat ion and ferme ntation on the energy densit y of 

so rghum/chickpea blend. 

4. To anal yze the sensory characteri sti cs of the germinated and fe rmented 

sorghum/chickpea porridges. 

1.6. Limitation of the study 

The conclusion made in this study was onl y on low tannin so rghum culti va r (,Teshale") 

and Kabu li chi ckpea cult ivar (" Harbu'·). becall ~e (If ava il abi lity of only these samp les in 

the research cente r du ring sample co llec ti on. \0. thi s study needed furth er research tll I 
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make conclusions inc luding other low tann in sorghum and chickpea variety. Furthermore. 

it might be better if other important parameters including amino ac id profil es, vitamins 

complex and potenti al to fo rtify mineral we re invo lved in thi s stud y, but shortage of ti me 

and money did not pave the way to me to conduc t additional experimentation beyond the 

se lected acti vit ies. During laboratory attachment of the study, absence of some laboratory 

equipment at the Center for Food Science and Nutrition was another challenge. 
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Chapter Two 

2. Literatun' Review 

2.1. Nutrition and child health 

Adequate nutrition during infancy and ear ly chil dhood is fundamentallO the development 

of each child' s ful l human potent ial. It is well rccognized that the peri od from birth to 

two years of age is a "crit ica l window" for the promotion of optimal growth, health and 

behav iora l development. After a chi ld reaches two years of age , it is very difficult to 

reverse stunting th at has occurred ear lier (WHO. 200 I). The immediate consequences of 

poor nutrition du ring these formati ve years in l' lude signi fi cant morb idity and mortality 

and de layed mental and motor deve lopment. In the long term. ea rl y nutritional deticit s 

are linked to impairments in intell ectual per lllrlnance. wo rk capac it y. reproductive 

outcomes and overall hea lth during adolescence and adulthood. Th us. the cyc le of 

malnutrition continues , as the malnouri shed girl child faces greater odds of giv ing birth to 

a malnourished, low-birth-we ight infant when he/s he grows up . 

Poor infant feeding practices. coup led with high rates of infectious diseases are the 

principa l proximate causes of ma lnutrit ion during the first two yea rs of life. For th is 

reason, it is essential to ensure that caregivers are provided with appropriate gui da nce 

regarding optimal feeding of infants and yo ung d1ildren. Howeve r, there are a number of 

infants who will not be ab le to enjoy the benelits of breastfeeding in the ea rl y months of 

li fe or for whom breastfeeding will stop before thc recommended duration of two )ears or 

beyo nd. A group that ca ll s for particular attention is the infants of mothers who are 

known to be HI V-pos itive. To reduce the ri sk of transm iss ion, it is recommended that 

when rep lacemen t feeding is acceptab le. feasible. affordable, sustainable and safe. 

mothers shou ld avo id breastfeeding from bi rth . Otherwise, they shoul d breastfeed 

exclus ive ly and make the transition to excl usive replacement feeding as soon as 

alternati ve feed ing options become feas ible. Other circumstances that may prevent a ch ild 

from being breastfed include death or severe il lness in the mother. or inability or lack of 

desi re by the mother to breast feed (W HO, 20 I 0). 
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2.2. Nutritional status of children in Ethiopia 

The 2005 EDH S included information on the nutritional status of chi ldren under five 

years of age ror three indices , namely, weight -for-age , height- fo r-age and we ight-for­

height. taking age and sex in to conside ration. I\,co rd ing to the data. fo rty-seven percent 

of children under fi ve are stunted and 24 percent are severely stun ted. Eleven percent of 

chil dren under five are wasted and 2 percent are severely wasted. The weight fo r age 

indicator shows that 38 percent of children under I~ve are underwe ight and II pe rcent are 

severely unde rwe ight. Rural children are morc stu nted (48 pe rcen t) than urban ch ildren 

(30 pe rcent). Reg ional va ri ati on in nutritional status of children is substanti al. Stunting 

levels are above the national average in the Am hara (57 percent) and SNN P (52 percent) 

reg ions. The pro portion of children wasted is higher in rural areas ( II percent) than in 

urban areas (6 percent). The percentage of chi ldren underwe ight increases sharply from 4 

percent among chi ldren under age 6 months to 19 percent among children age 6-8 

months, doub les among children age 9-1 1 months . and peaks at 48 percent among 

child ren age 12-23 months wi th ve ry small ,kncases therea fter. This may be due to 

inapprop ri ate and/or inadeq uate feed ing practi ces because increas ing levels of children 

underwe ight by age co incides with the age at wh ich normal com plementary feeding starts 

(EDH S, 2005). 

2.3. Ge rmination 

Germination is a natural process occurred during growth pe riod of seeds in which they 

meet the minimum condition fo r growth and deve lopment. During thi s period, rese rve 

material s are degraded, commonly used for respi ration and synthes is of new ce ll s prior to 

deve loping embryo. The process starts with thc uptake of wate r by the quiescent dry seed 

and terminates with the emergence of the emhr,(lnic axis. us uall y the r~dical (Megnt 

Rusyd i, et a I. , 20 I I). Steps in seed ge rminat iun are: - (i ). The seed absorbs wate r and 

seed coat bursts. It is the fi rst sign of germinat ion. There is an act ivation of enzymes, 

increase in respiration, and plant ce lls get dup licated. A chain of chem ical changes start s 

which leads to the deve lopment of the plant embryo. (ii ). Chemica l energy sto red in the 

form of starch is converted to suga r. which se rves as food for the embryo during the 
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germination process. Soon, the embryo gets nourished and enlarged, and the seed coat 

bursts open. (iii). The growing plant emerg~s out of the seed. Tip of the root first 

emerges, growing downwards, and helps to anchor the seed in place. It a lso allows the 

embryo to absorb minera ls and water from so il. (iv). Some seeds require spec ial 

treatment of temperature, li ght or moi sture to start ge rmination (Buzzle. 20 13). 

Process ing techniques such as ge rmination and I"rmentation ha ve been found to improve 

the quality of cereal s due to chem ica l changes that ' enhance organolept ic response (Nou,t 

1992), contents of free sugars, protein and vi taill ins, as we ll as bioavailability of minerals 

(Zamora and Fi elds, 1979) and results in the breakdown of some of the anti-nutritional 

endogenous compounds (Ahmed et aI. , 2006). In many instances, usage of onl y one 

method may not impart the des ired removal of ant i-nutritional compounds and a 

combination of two or more methods is required (Hassan et aI. , 2007). 

2.3.1. Nutritional value of germ in ated foods 

Germination has profound effect on nutritional quali ty of the cerea l (Chavan and Kadam. 

1989b). During ge rmination, certain change, ()ccur in terms of quantit) and type of 

nutrients with in the seed. These changes can vary depending on the type or vegetable. the 

variety of seed and the cond ition of germination (Bau et aI. , 1997). Several studies ha ve 

shown that ge rmination improves the nutritive va lue of cerea ls and legumes. Germ ination 

has been found to decrease the levels of antilllltrients present in cerea ls and maximizes 

the levels of some of the utili za ble nutrients (In yang and Zakari, 2008). According to 

Sangronis and Machado (2007) in (Megat Rusydi. and Azrina, 20 12) germinated seeds 

are good source of ascorbic acid , riboflavin , choline, thi amine, tocophero les and 

pantothenic acid. 

2.4. Fermentation 

2.4.1. Historical perspectives of fermentation 

The process of fermentation has been practiced lor millennia resu lting in tremendous 

va riety of fermented foods ranging from tho,,' de ri ved from meat and plants to those 

derived from milk and dairy products. Traditionall y. fermented food s have contributed 
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great ly to both variety and safety of the human diet. Fermentati on can be traced back 

thousands of years and has been used as a means of improving the keep ing quality of 

food for more than 6000 years. The essential role of microorganisms in the fe rmentat ion 

process was rea li zed in 1861 A. D during development of pasteu ri zation (K lae nhammer 

and Fitzgerald, 1997). Together with dryi ng and sa lting, fermentation is one of the oldest 

methods of food prese rvat ion. Its importa nce in modern day li fe is underlined by the wide 

spectrum of fermented food s marketed both in deve loping and industri ali zed countries: 

not onl y for the benefi ts of prese rvation and " lIet\ . but also for their highly app reciated 

sensory att rib utes (Ramaite, 2004). 

Fermentation has enabled our ancestors in temperature and cooler reg ions to survive 

winter season and those in the tropics to survi ve drought periods, by improv ing the shelf 

li fe and sa fety of foods (Campbe ll -Platt 1994). Through the age, fermentation has had a 

major impact on the nutritional habits and tradition , on culture and also on the 

commercial di stribution and storage of food. Tradi tional fe rmentation st ill serves as a 

substitute where refrigeration or other means are not avai lab le for the safe keeping of 

food. However, food technologists are convi nced that they are ab le to improve tradi ti onal 

fe rmentation processes. This is based on the ir scientifi c understand ing of the ferme ntation 

processes and thei r expertise in breeding and "' microorga ni sms for strain improvement 

and the use of pure starter culture (Ramaite. 200~ ) .. 

They have, however, proven the ab ility to influence the durat ion of fermentation 

processes and the taste and va lue of the end products. Processing usuall y in vo lves either 

soaking of the raw material s. submerged in water contained a fermenting vat (usually 

clay pots) for a length of time or an initial size reduction of the raw material by grati ng or 

mill ing in the wet form before be ing allowed to ferment without be ing soaked in water 

(Ramaite, 2004). 

2.4.2. Benefits of fermentation 

Fermented foods may be generall y described a, palatab le and wholesome foods. prepared 

fro m raw or heated material s by microbia l fermentation. Microorganisms, by virtue of 
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the ir metabo lic activ ities, con tri bute to the de ve lopment of characteristi c properti es such 

as teste, aroma. visual appearance, texture. shl' lf li fe and safety. Fermentati on is also one 

of the processes that dec reases the level of anti nu trients in food grains and increases the 

starch digesti bility, protei n digestibility and nutrit ive value. The nutritional eva luation of 

fermented grains has been examined by many wo rkers. Fermentation al so leads to an 

increase in protein content, enhancement of carbohydrate access ibility, improvement in 

amino ac id balance, decrease in antinutritional fac tors li ke tannin and phyti c ac id (A lka et 

aI. , 201 2). It is known that pathogenic microorganisms normall y found in food will not be 

able to grow in an acid environment that is at pH be low four. This ac idity is normall y 

found in lactic acid fermented food (Sahlin . 19\)<)) . 

According to NO li! ( 1994) expl ained in (Ramalte. 2(04) fe rmentation plays at least li ve 

roles in food process ing: 

v' Enrichment of the human dietary th ro ugh development of a wide diversity of 

fl avo rs, aromas and textures in food: 

v' Preservation of substant ia l amoun ts of food through lactic ac id, alcoholi c, 

aceti c acid, a lka line fe rmentat ions and high sa lt fe rmentati ons: 

v' Enrichment of food substrates biologica ll y with vitamins, protein , essential 

amino acids and essential fatty ac ids: 

v' Detox ifica tion during food fe rmentation processing and 

v' A decrease in cooking times and fu el requirement s. 

2.4.3. Nutritional value of ferm ented food s 

Generall y, a signifi cant increase in the so luble l"rac ti on of a food is observed during 

fe rmentation. The quantity as we ll as qualit y of the food prote ins as expressed by 

bio logica l value, and often the content of water so luble vitamins is generally increased, 

while the anti nutritional factors show a dec line during fermentation. Fe rmentation results 

in a lower pro portion of dry matter in the food and the concentrations of vita mins, 

minerals and protein appear to increase when measured on a dry we ight basis (Adams 

1990). According to the Wakil and Ka zeem (201 2) the analys is of the prox imate 

compos ition of all the starter fe rmented formu lated so rghum-cowpea blends indicates that 
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the protein content rose with increase in ferm entation time while the moisture content. 

ether extract. ash content , crude libe l' and t<lta l ca rbohydrate content decreased wi th 

fermentation time. Single as we ll as mi xed cul tu re fermentat ion of pea rl mi ll et nour with 

yeast and lactobac illi significant ly increased the tota l amount of so lu ble sugars, reduc ing 

and non-reducing sugar conten t, with a simultaneous decrease in its starch content. 

Combinat ion of cooking and fe rmentati on impro ved the nutrient quality of all tested 

sorghum seeds and reduced the content of flntin utritiona l factors to a safe level in 

compari son with other methods of process ing. The levels of vi tam in B 12, ribotlavin and 

fo lacin were increased by lactic ac id fe rmentation of maize nour, while the level of 

pyridox ine was decreased. A study on the erfect of ferm entation of cowpea on the 

nutritiona l quality of the cowpea meal shol\ eel that 72h fermentati on increased the 

conte nt of protein . ash and lip id leve ls while ""creas ing the leve ls of tannin and phytatc 

(Sahline. 1999). 

2.5. Complementary Foods 

2.5.1. Concepts and definitions of complementary foods 

According to current UN recommendat ions, infants should be exc lusive ly breast fed fo r 

the first six months of life. and thereafter shoul d rece ive appropriate complementary 

feed ing wi th conti nued breastfeeding up to two years or beyo nd . Comp lementary food is 

any food other than breastm ill< given in the comp lementary feedi ng per iod (6-24 months). 

Foods, given in addition to breast mil l<, are c,tlled complementary foods. The process or 

feedi ng them is ca lled complementary feeding. 

Complementary foods ca n be espec iall y preparcd for the infant or can be the same foods 

ava ilab le fo r fam il y members, modified in order to meet the eating skill s and. needs of the 

infa nt. In the fi rst case, they are ca ll ed transitional foods. and in the second case, there is 

no spec ific nomenclature. The term s weaning foods and 'supplementary feed ing, widely 

llsed for a long time, are not recommended as synonyms fo r complementary feeding, 

since their use is incorrect. giving the impression that food s are in troduced to replace 
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breastmilk, instead of complementing it. The use of the term weaning is not advisable. 

since in many countri es, it may be understood as total cessation of breastfeed ing and 

cause problems in breastfeeding promotion. The term weani ng was used to indicate the 

transition between exc lusive breastfeed ing and the cessati on of breastfeed ing. Nowadays. 

the term full weaning is used to ind icate the !cHal cessation of breast feed ing (Cr ist ina et 

aI. , 2004) . 

2.5.2. Nutritional quality of complementary food 

The latest estimated energy requirements from complementary foods, ass uming an 

average breast-milk intake, are 200 kcal /day for infa nts aged 6-8 months. 300 kcall day 

for infants' aged 9- 11 months, and 550 kca l/day for children aged 12-23 months 

(W HO/UN ICEF, 1998) . Table 2. 1 shows the WHO-recommended number of mea ls or 

snacks that children should rece ive da il y and the assoc iated amoun t of energy needed 

from complementa ry foods. depending on IIhe ther the infant is breast fed or not. 

Achiev ing these energy in ta kes requ ires that l1" th reedi ng freq uency and energy cie nsit) 

of complementa ry foods be adequate. An energy density of <0.6 kca l g- I is generall y 

considered low. 

Table 2.1 Recommendalions jor feeding frequency (meals or snacks) of complementary 

foods acc;ording 10 child's age and breastjeeding sial liS and energy needed Fom 

complemenlary foo ds jor breaslfed and non-breaslfed infanls or young children in 
developing c;ounlries (WHO and PAHO, 2009) . and eslimaled gastriC capacity 

Age of chi ld Recommended daily Energy needs from Gastric capac ity 
(mounths) feedin g frequency complementa ry foods (mLimea l) a 

6-8 
9-1 1 
12-23 

Breastfed Not Breast fed [1 Not Average Growth 
breastfed (kca l/day) breast fed child retarded 

(kcallday) Child 
2-3 4-5 200 600 249 192 
3-4 4-5 300 700 285 228 
3-4 4-5 550 900 345 273 

A. . Assli ming body weights 0/8.3. 9.5. and 11 5 kg/or well-nollrished children and 6.4. 7. 6 and 
9.1 kg for growlh retarded children among cluhlnm 6 10 8. Y 10 II . and 12 10 23 months alage. 
respec/ively. and gastric capacity oj 30 glkg boJy lveighl. 
p. Assuming average breaslmilk inlake 
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Howeve r. a comparison of average nutrient intakes of children aged 6-24 months and 

new dietary refe rence intakes published by the Institute of Med icine, USA shows that the 

diets of infants and young children in most popu lations in low- income countries are 

consistent ly defic ient in some nutr ients, including iron, zinc and vitam in B6 . Adeq uate 

energy and nutrient intakes for thi s age-group are the result of a balance between 

app ropriate breast feedin g and complementary feed ing. Support for sustained 

breastfeeding as pa rt of efforts to improve complementary feedin g is cri ti ca l. Increas ing 

comp lementary feeding frequency, for exam pic. ma y impair breast mi lk intake with the 

potent ial ri sk of reduc ing tota l energy and nu tr ie lll intake if not enough attention is pa id 

to sustaining breastfeeding. 

The amount of protein needed from comp lementary foods increases from about 2 g/ day 

at 6- 8 months to 5-6 g day-I at 12-23 months. with the pe rcentage from complementary 

foods increasing from 2 1 % to about 50% (Dewey 2008). There is uncerta inty about the 

optimal intake of fat during the first 2 years of life. Breastm il k is usual ly rich in fat 

(approx imately 30-50% of energy), so little add itional fat from comp lementary foods is 

needed while breastmilk intake is st ill hi gh. Hu\\ever. the fat content of c() mplemcntar\' 

foods becomes more important as breastmilk in take dec lines with age. To achieve at least 

30% of energy from fat in the total diet, the alilount of fat needed from complementary 

foods (assuming average breastmilk intake) is le ro at 6- 8 months, approx imately 3 g/ day 

at 9- 11 months and 9-13 g/ day at 12-23 months, or 0%, 5-8% and 15- 20% of the 

energy from complementary foods respectivel y (Dewey, 2005) (a range is given because 

of vari ability in breastmilk fat concentration) (Dewey and Adu-Afa rwuah , 2008). 

Complementary foods should be varied and include adequate quantities of meat, poultry. 

fi sh or eggs, as we ll as vitamin A-rich fruit s and vegetables every day. Where thi s is not 

possi ble , the use of fo rtified comp lementary foods and vitam in mineral sup plements may 

be necessary to ensure adequacy of particuldl' nutrient intakes. As infan ts gro\\. the 

consistency of comp lementary foods should change from semisolid to so li d foods and the 

va riety of foods offered shoul d increase. By ei ght months, infants can eat ' Finger foods' 

l-t 



and by 12 months, most children can eat the same types of food as the rest of the famil y 

(WHO, 2002). 

2.6. Sorghum (Sorghum bicolor L. Moench) 

2.6.1. Distribution of sorghum in the world 

Sorghum gra in is the fifth most important cereal in the world aft er whea t. rice. maize and 

barl ey. In Afri ca it comes second ai1 er maize in term s of production. According to FAO 

est imates, the average world productio n of snrghum grai n in 1999- 2003 amounted to 

57.7 million tons/year from 42.6 million hectare. The prod uction in sub-Saharan Africa 

was 19.0 million tons/year from 22.8 million hec tares. The main producing countri es are 

the United States, Ind ia, Nigeria, Mexico, Sudan . Austra li a, Ethiopia and Burkina Faso. 

In sub-Sa haran Africa an nual product ion increased from aro und 10 million to ns from 13 

million hecta res in the early 1960s to about 20 million (ons from 25 mi ll ion hectares in 

the ea rl y 2000s. In tropica l Africa most so rghum is grown fo r home consumption , except 

for beer prod uction (USDA , 2004). 

In terms of tonnage, sorghuill is Africa 's secund most important ce rea l. The co nt inent 

produces about 20 mi llion (o nnes of sorghu m pe r ann um . about one-th ird 01' the' wo rl d 

crop. Sorghum ori ginated in Afr ica. It is un iquel) adapted to Afr ica' s climate. being both 

drought resistant and ab le to wi thstand peri ocl s of water- logg in g. Sorghu m in Afri ca is 

processed in to a very wide va ri ety of attracti ve and nutritious traditiona l foods. such as 

semi- leavened bread, co uscous, dum plings and fermented and non-fermented porridges. 

It is generall y, although not universa ll y considered to have first been domesti cated in 

North Africa, possi bly in the Nile or Ethiopian regions as recently as 1000 Be . World 

annual sorghum production is over 60 million tonnes , of which Africa produces abo ut 20 

mill ion tonnes . Th is makes sorghum . quantit ati vely the second most im portant ce real 

grain in Africa after maize. Sorghum producti on takes places ac ross the conti nent, wi th 

the northern Afri can countries of Nigeria. Sucbn. I:lh iopia and Burkina Faso accounting 

for nea rl y 70% of Afri ca ' s production (Taylor. ~ UU2). 

I -::-



2.6.2. Production of sorghum in Ethiopia 

In Eastern Afri ca, more than 70% of so rghum is cultivated in the dry and hot lo wlands 

where se rious water defi cit is the major productio n constrai nt. In Eth iopia. sorghum is 

grown as one or the major food ce reals. Annuall) 1.3 million hectares of land is all Olled 

for so rghum product ion and 1.7 million tons of grain is produced in the country. 

Sorghum is grown in different agro-eco logical /o nes, hut predominantl y culti vated in drv 

areas that cover nearl y 66% of the total area or the country (Gebisa ct al .. 2lJO~). 

Sorghum in Ethiopia is produced both in hi ghland tempera te mi xed farming systems and 

mixed maize systems. As mentioned above. lethiop ia con tains the majority o r Sub­

Saharan Africa (SSA 's) highland temperate mi xed zones. The maize mi xed sys tem 

covers 19% of cu lti vated area and prov ides I ivc I ihoods for 15% of the popu lati on in USA 

(Wortmann et aI. , 2009). Contrary to regional tre nds, men are primarily responsible for 

sorghum production and marketing in Ethiopi a. Women are primaril y responsible for 

post-ha rvest handling. Sorghum is typica ll y planted between April and July and harvested 

from October to December (Waddington et al.. 2009). 

Ethiopian so rghum yie lds exceeded both reg ional ancl wor ld average yields in 2008. 

However. average yields sti ll remain we ll bel" ", mean U.S. yields. for exam ple. which 

average 4,300 ki lograms per hectare . Therefor,'. ,il though )ie lds are above I'::ast AI'ri can 

and world average yields, Waddington et a l. (2009) suggest there is signiticam room lor 

improvement. Expert panelist responses identi lied a smallholder so rghum yield gap in 

USA of 1,640 ki lograms per hecta re in highl nnd temperate mixed systems and 1,230 

ki lograms per hectare in mixed maize systems. The highest smal lholder yield was 3,440 

kilograms per hectare in the highlands and 2.930 in mixed maize areas. However. the 

regional average smallholder yields were onl y 1,800 and 1,130 kilograms per hectare for 

each fa rming system, respectively (Waddington et al. 2009). In 2008, Ethi opia harvested 

1,533,537 hectares of sorghum , Closi ng the yie ld gap wou ld therefore produce between 

1,886,250 and 2,5 15,000 additional tonnes of sorghum . 
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Adugna and Tesso (2006) tested the potential of 14 sorghum hybrids in di ffe rent 

enviro nments in Eth iopia. They recommend four hybrid va ri etal s (genotypes I. 2, 3 and 

5) with good stab il ity and yield as suitable for dro ught-stressed areas of Eth iopia (Adugna 

and Tesso, 2006). However, Ad ugna (2007) notes that these improved va rieti es have not 

been we ll ass imilated in Ethiopia. In addit ion to poor extension linkages limit ing farmers' 

access to informat ion abo ut improved vari eti es, the lack of widespread di sseminati on 

may result from several other factors. Firstl y, in a good season, the local culti va r is still 

higher yielding than the hybrid va ri eti es. Secondl y. the ea rl y maturing va ri eti es , 

spec ifica ll y, are more vulnerab le to bird attack. And fin all y. the ,hyb rid va riet ies have 

reduced biomass and therefore less va lue to I,"'mers as animal feed (Adugna , 2U07). 

Improved var iet ies could increase so rghum pn)ducti on in Ethiopia: however so rghum 

product ivity faces additional constrai nts that li mit thi s agronom ic potential (Sch neider 

and Le igh, 20 I 0). 

The ta nnin content of red sorghum gram is always higher than that of white so rghum 

gra ins. The high tannin content of red sorghum seeds in hibits the acti vity of some 

enzymes and therefore adversely influences protein digestib ility and ce llulose 

breakdown. Animal tests have proved that tannin inhib its protein absorption, decreases 

utilization of minera ls and results in some decrease of growth . Feeding pigs with fodde r 

contain ing 4.21 % tannin decreased protein digestibi lity by 5.6%. 

Amazing features of whi te so rghum (US DA , 2004): 

./ It has strong res istance to harsh environments such as dry weather and high 

temperat ure in compari son with other ,arid y. It is usua ll y grown as a low-level 

chem ical treatment crop with limited use of pesti cides . 

./ It has the potential to adapt itse lf to the give n natural env ironment. It can be ca ll ed 

"Nature-cared Crop" as it requi res little artificia l care such as irrigation and insect 

remova l. 

./ It can be added to a variety of foods as it IS almost taste and scent free and 

naturally white in co lor. 

./ The mate ria l advantages of other added ingredient s such as taste are not harmed . 
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Proximate 

,,/ Unlike wheat flou r, it does not ~o n tain ~I Llten. Thi s makes it a su itabk al tern" ti\e 

food for people with wheat gluten all ergies. 

2.6.3. Nutritiona l composition of sorghum 

Table 2.2 shows the composition of so rghum grain per I OOg edible portion. Sorghum 

grain is first limiting in lysine, then in tryptopha n. Much of the prote in in so rghum is 

prolamine (39-73%) and methionine which are poorly digestible. As a result, max imum 

avai lable protein in so rghum grain is usuall y 8- 9%. Sorghum grain does not contain 

gluten and cannot be used for leavened product s unless mixed with wheat Decorti cat ion. 

parboiling, malting or steeping in alka li solutions and fermentation significantly improves 

the nutritional content of so rghum gra in (USDA. 2004) .. 

Table 2.2 Nutri tiona l compositi on of sorghum grain per I OOg ed ible pon ion (USDA. 2004) 

Principal 
Minerals & Essential fatty acid 

composition vitamins Amino ac ids mg/ I OOg (FA) 
o/ IOOg m"/I 00" (AA) m"/ I 00 " 

moisture 9.2 Ca lcium 28m Trypto phan 124 Lino leic ac id 1305 

Protein 11.3 Iron 4.4 Lysine 220 Oleic ac id 964 
Fat 3.3 Phosphorus 287 Methi onine 169 Palmitic ac id 407 
Energy 339Kcal Vi tamin A OIU Phen vlalanine 546 
Carbohydrate 74.6 Th iamin 0.24 Threonine 346 

Riboflavin 0.12 Valine 561 
Niac in 2.9 LCLI lint' 1491 

iso k uc lne 433 

2.7. Chicl,pea (CiccI' arietinum L.,) 

2.7.1. Distribution of chicl{pea in the world 

Chickpea (Cicer arielinum L.), al so call ed garbanzo bean or Bengal gram , is an old wo rld 

pulse and one of the seven Neo li thic founder crops in the Ferti le Crescent of the Near 

East (Lev-Yadun , 2000). Globa ll y. chi ckpea is the third most im portant pu lse crop in 

production, nex t to dry beans and fi eld pea . During 2006-09, the global chickpea 
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production area was about 11.3 million ha. with production of 9.6 million metric tonnes 

(mm!) and average yield of 849 kg/ ha. Ind ia " the largest chickpea producing counti"' 

with an average production of 6.38 mi ll ion M I dur ing 2006-09. accou nt ing lo r 66% or 

global chickpea production. The other maj or ch ickpea producing countri es include 

Pakistan, Turkey. Australia, Mya nmar. Ethiopia, Ira n, Mexico, Canada and USA . There 

are two distinct types of culti vated chickpea, Desi and Kabuli. Desi (microsperma) types 

have pink flowers. anthocya nin pigmentati on on stems. and a co lored and thick seed coat. 

The kabuli (mm;rosperma) types have whi te tlowers, lack anthocyanin pigmentation on 

stem, white or beige-co lored seeds with a ram's head shape, thin seed coat and smooth 

seed surface (Jukanti, 20 I 0). 

2.7.2 . Production of chickpea in Ethiopia 

In Ethi opia. the earliest findin g of chickpea i, repnrted in 1520 BC (Jos hi el al. , 20U I) 

Ethiop ia is the largest producer of chickpea in Africa accounting for about 46% of the 

continent ' s production during 1994-2006. It is also the seventh largest producer 

wor ldwide and contributes about 2% to the tota l wo rld ch ickpea production. Chickpea. 

locally known as shimbra, is one of the major pulse crops (i ncluding faba bean. field pea, 

haricot bean, lentil and grass pea) in Ethiopia and in terms of production it is the second 

most important legume crop after faba beans. It con tributed about 16% of the total pulse 

production du ring 1999-2008. The total annual average ( 1999-2008) ch ickpea producti on 

is estimated at about 173 thousand tonnes. Dur ing the same period. chickpea was third 

after fa ba beans and fi eld peas in term s of area coverage (Jones et al .. 2006). 

Chickpea production usi ng residua l moisture at the end or August has become an integral 

part of the teff and wheat production systems in the vertisols of the Ethiopian highlands 

where it is rotated wi th the ce rea ls for enhalKemen t of so il fe rti li ty. Chickpea genera tes 

cash income and improves food and nutritional security for smallholder farmers. In the 

past the food preparations were mai nl y by way of roast ing or boili ng but now thi s has 

included the making of fl our for preparat ion of sa Lice used in ea ting Inj era. the most 

popu lar Ethiopian soft bread made from te ff and other cerea ls. 
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Whi le Desi chickpea has been widely grown in Ethiopia for household food needs and 

domesti c markets, product io n of Kabuli types is a fa irl y recent practi ce. Lack of a viab le 

seed suppl y system has affec ted the ava il ahili t) of im proved Kabulu and Desi type 

chickpea to smallholder prod ucers. Traditionatly. the Ochre Ze it Ag ri c ultur~1 Research 

Centre (DZARC), under the Ethiopian Institute of Agri cultural Research (EIAR), has 

prov ided chickpea breeder seed to the Ethiopian Seed Enterpri se (ESE) whi ch in turn 

mUltiplies it to produce pre-basic and bas ic or foundation seed in its own fa rm s. The ESE 

then se lls the foundation seed direct ly to contracted farm ers for multiplicati on of certified 

seed that is so ld to the Agricultu ra l Extensio n Departments for distribution in the 

diffe rent reg ions (Kass ie et aI. , 2009). 

2.7.3. Nutritional composition of chickpea 

Table 2.3 shows nutritional compos ition of chickpea seeds per IOOg portion. It is we ll 

known that plant proteins are an alte rnative to proteins from an imal sources fur human 

nutrition . Legumes are recogni zed as the best source of vegetab le protein legumes. 

However. in recent years . there has been an increasing interest in other legumes such as 

chickpea (Cice r ari etinum L.). Pul ses , includi n ~ beans and chickpea are one of the mos t 

im portant crops in the world because of their nutritional quality. Due to their good 

balance of amino acid, high protein bioava il abili ty and relati ve ly low leve ls of anti ­

nutri tional factors, chickpea seed have been considered a suitable source of di eta ry 

proteins. 

Table 2.3 Nutritiona l composition of chickpea seeds per I OOg port ion (Go ni , 2003) 

Prox i mate Mineral Vitamin 

va lues gil OOg val ues mgl I UOg va lues I IOOg 

Moisture 10.35 Calciu m 105 Vitamin A 1491U 

Protein 23.50 Iron 4.~ U Vita min C 1.8 

Fat 2.20 Zinc 3 Thiamin 0.7 

Carbohyd rate 65 Phosphorus 366 ribofl av in 0.2 

Energy 395 Manganese 2.20 Niacin 2.9 
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They are rich sources of complex carbohydrates. prote in, vitamins and mineral. Chickpea 

seed has a high prote in digestib ility, con tains high levels of complex ca rbohydrates (low 

glycaemic index), is ri ch in vitam ins and mi nerals and is relati ve ly free from anti­

nutritiona l fac tors (Gon i and Va lentine- G .. 2()O~). Pulses ha ve shown numerous hea lth 

benefi ts, e.g. lower glycem ic inde.x for people \\ ith diabetes (Go ni and Vakntinc-G .. 

2003), increased satiation and cancer prCl ention as we ll as pro tection agai nst 

cardiovascular di seases due to their dietary fiber content. Chickpea seed is processed and 

cooked in a vari ety of fo rms depending upon Iraditiona l practices and ta ste prefe rences. 

Different domestic processing methods (deco rti cations, soaking, sprouting, fe rmentation , 

boiling, roasti ng. pa rching frying, and steaming) was used to obtain a sui tab le texture fo r 

the consumer, improvement in the nutritional fac tors and increase the protein digestibility 

(Esmat et ai, 20 10). 

2.8. Anti-nntritional Factors 

An antinutrient is a substance occurring in the diet which ac ts antago ni sticall y towards 

one or mu ltiple nutrients, reducing bioava il abi li l),. Thi s is usuall y do ne through complex 

format ion which reduces nutrient absol:ption «(jraham et aL. 2000). The nutritiona l value 

of cerea ls and legum es may be adve rse ly atTecl ed by the presence of anti -phys iologica I or 

toxic substances such as trypsin and chemotryps in inhibi tors, phytates. lectins. 

polyphenols. flatul ence causing agents, cyanogenic compounds. lathyrogens. esterogens. 

go iterogens, saponins, anti-vitamins and all ergens. These substances reduce the nutriti ve 

val ue of foods by in hibiting digestibili ty and utili zation of proteins. It is therefore 

necessary to eliminate these substances by processing and genetic manipulation. 

Process ing plays an important role in im prov ing nutriti ve va lue of pulses and by 

decreasing antin utritional factors up to a tole rable li mi t 

2.8.1. Ta nnins in chickpea 

Tannins are po lyp henol components prevalent in food legumes. Stud ies have shown that 

tannins in teract with prote ins, enzymes or non enzymes, and fo rm tann in-prote in 

complexes. wh ich decrease protein digestibili t\ and prote in so lu bility. Th is decrease in 

protein digestibility may be caused by ei ther the inactivation of digest ive enzyme or the 
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reduction of the susceptibility of the substrate proteins after forming the comp lex . 

Polyphenols are known to interact with proteins and cause either inact ivation of enzyme 

such as tryps in and chymotrypsin or make pro tein inso lub le. Polyp henols in hibit several 

enzymes including a -amylase, lipases, pectin e5te rases, ce llulases and ~-galac tos idase. In 

add ition to this, tann ins reduce the bioava il ability of vitamins and minerals (Cha va n et 

a l . 1986). 

Chickpea seeds (whole seed) contain 78 to 272 mg tannins per 100 g seeds: while the 

cotyledons have onl y 16 to 38 mg per 100 g seeds. Tannins are mainly loca ted in the seed 

coat. There is a considerab le variat ion in seed coat color among the various chickpeas 

cultivars. The polyphenols in culti vars, which have darker testa co lor, inhibit the 

digesti ve enzyme act ivity more than cultivars "i th lighter testa co lor. These components 

impart astringent fl avo rs, which are not always des irable. Some processing treatments 

such as dehulling and cooking considerab ly reduce the level of tannins in legumes. As 

such , chi ckpea seeds with li ght co lor are preferred fo r whole seed consumption (Chavan 

et ai , 1986). 

2.8_2 .. Tannins in sO I-ghum 

All sorghums conta in pheno li c compounds, inc luding pheno li c ac ids and fl avonoids. 

Some conta in in the layer under the seed coat condensed polyphenols ca ll ed tannins but 

most cultivated sorghums do not conta in any. These compounds can affect color, fla vor 

and nutritional qual ity of the grain and products prepared from it. Tannins protect the 

grain against insects and birds (conferring a bitter. hit ta ste). The tann in content of seeds 

inhibits the act ivity of some enzymes and therefore adverse ly influences prote in 

digesti bility and ce llulose breakdown. Ani mal tests have proved that tannin inhi bits 

prote in absorption, decreases utili zation of mine rals and results in some dec rease of 

growth . Feeding pigs with fodder containing 4 ." 1% tannin decreased prote in di gestibility 

by 5.6%. Before ripen ing the tan nin content 01 grai n is alwa)s higher than alier ripening . 

The tannin content of dark grains is al ways higher than that of pale grains. Some white 

sorghum va ri eti es have pigmentation in the pe ri ca rp and testa, due to phenoli c 

compounds (Iren Leder. 2004). 
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2.8.3. Phytntes in chickpea 

Phytate, which is also known as inositol hexakisphosphate, is a phos phorus contai ning 

compound that binds with minerals and inh ibits mineral absorption. The presence of 

phytate in foods has been assoc iated with reduced mineral absorption due to the structure 

of phyate which has high density of negatively charged phosphate groups which form 

very stable complexes with mineral ions causing non-availab ility for intest inal absorption 

(Walter et a I. , 2002). Phytates are generall y li) und in food hi gh in fiber especia ll y in 

wheat bran, who le grains and legumes (Lo ri et <II.. 200 I) . 

The major concern abo ut the presence of phytate in the human di et is its negative effect 

on minera l uptake. Minera ls of concern in thi s rega rd inc lude z inc. iron. calcium. 

magnes ium, manganese and copper (Lopez et aI. , 2002) . The formati on of inso luble 

mineral-ph ytate complexes at physiologica l pH va lues is rega rded as the major reason for 

the poor mineral bioavailability, because these complexes are essentia ll y non absorbab le 

from the human gastrointestinal tract. Furthermore. the human small intestine has onl y a 

ve ry limited capa bi lity to hydrolyse phytate due to the lack of endogenous phytate 

degrading enzymes and the limited microbial population in the up per part of the digestive 

tract. Solubility and stability of myo-inositol phosphate--mineral complexes ha ve been 

found to dec rease as the num ber of phosphate residues on the myo-inosit ol ring 

decreases. 

Therefore, removal of phosphate res idues from phytate results in a reduced impa irment of 

intestinal uptake of essential dietary minera ls (Sandberg et a I. , 1999). In isolated form 

onl y myo-inos itol pentakisphosphate suppressed abso rpt ion of iron, zinc and ca lci um in 

humans, while myo-inositol tetraki s- and tri sphosphates had no effect in the 

concentrations under investigat ion. In the presence of higher phosphorylated myo-inositol 

phosphates, however, myo-inos itol tetrakis- ancl tr isphosphates we re sho wn to con tribute 

to the negati ve effect of phytate on iron abso rption. Because a strong negative correlation 

was fo und between zinc absorption and the sum of m),o- inos itol tris- thruugh 

hexakisphosphate from cerea l and legume meab. such a contribution is probably al so true 

for z inc absorpt ion (Sandberg, 1991). 
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Phytic ac id binds trace elements and macro-elements such as zinc. calcium, magnesium 

and iron. in the gastro intesti na l tract are making di etary minerals unava ilab le for 

absorption and utili zation by the body. It ca n also form complexes with proteins, 

proteases and amylases of the intesti nal tract, th us inhib iting proteo lys is. Moreover, the 

phosphorus in phytate has been cons idered to be large ly unava ilab le to the orga ni sm 

because of t he limited capac ity of monogastric spec ies to hydrolyse phytate in the small 

intestine. Phytate is also known to form complexes with prote ins at both ac idic ancl 

alka li ne pH. This interaction may affect changes in protein structure that can dec rease 

enzymatic acti vity. prote in so lu bility ancl pruteo lyti c di gest ibilit y. However. the 

signi ficance of protei n-phytate comp lexes in nutri tion is still under sc rutin) . Strong 

ev idence ex ists that phytate-protein interacti ons negati ve ly affect protein digest ibility in 

v itro and the extent of thi s effect depends on the prote in source (Sandbe rg, 199 1) .. 

2.8.4. Phytic acid in sorghum 

Sorghum bran contains the highest levels of phytates. Forty to fift y percent of phytate and 

tota l phosphorus can be removed by abras ive clehu ll ing (Iren Leder. 2004). It is us uall y 

located in the outer layer of cerea ls where the fibe r is primaril y concentrated. Phytic ac icl 

is highest in whole-grain fl ours and can be decreased considerabl y by removi ng it s hull 

(Hurrel l, 2003). Phyti c ac id fo rm complex cornpouncls with cat ions such as zinc. iron, 

magnes ium and calc ium at phys iological pll . It is either inso luble or diffl"dt to 

hydrolyze du ring digestion. Phyti c ac id inhi bi h mi nerals (such as iron, zi nc) abso rpt ion 

by humans and other monogastric animals in a close-dependen t manner. When the mola r 

ratio of phytate: iron and phytate: z inc is above 0. 15 and 15, respec ti ve ly, phytate inhibi ts 

absorption of mineral s (Allen and Ahluwa li a, 1997; Dicko, 2005 and Me laku , 2005) . The 

an tin utriti onal effect of phytic ac id is primaril y related to its stro ng chelating ab ility with 

mi nerals and proteins. It is intern assoc iated with its six reacti ve phosphate gro ups. 

Mult ivalent cations are pa rticularl y suscept ible and fo rm inso lu ble. indigestib le 

complexes. Phytates also affect enzyme act ivit\· with a negat ive effect for key digest ive 

enzymes including am ylase, pepsin ancl trypsin (Dicko. 2005). 



2.9. Minerals 

Cerea ls and legumes are rich in minerals but the bioava il ability of these minerals is 

usua ll y low due to the presence of antinutritional fac tors such as phytate and polyphenols 

(Idris, 2005; 2007). Bioava il ab il ity is the degree to which the amount of an ingested 

nutrient is absorbed and avai lable to the body (W FP, 2006). Minera l bioavailability is 

affected by different factors including anti nutrit iona l factors. chemica l form of the 

minera l, and interaction with other mineral s. presence or absence of certain vitamins and 

the type of food from which the mineral is obtained (WFP. 2006). An adequate mineral 

absorpt ion is important espec ia ll y for infants. children, elderl y people and people in 

clini ca l si tliation ( Idri s et al. . 2005). It is ev ident tha t the nutritional importance ora give n 

food stuff depends not only on nutrient compus ition or raw lood stuff bu t also un the 

amount utili zed (Idris et aI. , 2007). 

2.9.1. Zinc 

Zinc deficiency is a pub lic hea lth prob lem. and is associated with poor growth, decreased 

immune fun ction. increased susceptibility to and severity of infections, ad verse outcomes 

of pregnancy, and neurobeha vioral abnormaliti es (Sandberg. 2002; Melaku et aI. , 2005). 

Zinc is an essential trace minera l that is a component of over 200 enzymes and is known 

to be necessary for normal co llagen synthes is and mineralization of bones, and is 

involved in vita l processes such as mitos is. " 'nthes is of DNA and protein. and gene 

express ion and acti vation (Walingo. 2009). IJelic ienc y of Zn is highl y preva lent In 

deve loping countri es. but also in vulnerable gro ups with high requi rements In 

industrialized countries, such as women of fertile age , infants and adolescents (Sandberg, 

2002). Zinc deficiency is presumed to be the underl ying cause of stunting and delayed 

sexual maturation. Zinc supplementation increases linear growth in stunted children 

whi ch suggests that these high rates of stunti ng may be due in part to zinc deficiency 

(Walingo. 2009). Zinc nutritional status intluences the absorption. transport and 

utilization of vi tamin A (Adeyeye et aI. , 2000). 

2.9.2. Iron 

Iron is a micronut rient that is most often defi cient in deve loping countries. with children 

and women of rep roductive age espec iall y at risk of such deficiencies (Melaku et al. . 
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2005) . More than half (54 percent) of Ethiop ia n childre n 6-59 months a iel are anaemi c. 

with 2 1 percent mi ldly anaemic, 28 percen t moderately anae mic. and 4 perce nt severely 

anaemic (EDH S, 2005) . Low content and bio,lva ilability of iron in the typical ce real­

based diet is a major cause of iron defi ciency (Sandberg, 2002). Thi s is due to the hi gh 

content of ant inutrients in most cereals and other plant source stap le foods and inadequate 

intake of animal foods in the diet (Sandberg, 2002 ; Melaku et al.. 2005). 

2.9.3. Calcium 

Calcium is the most abundant mineral element in the body. Ca lcium (small proportions) 

regulates cr itica l functions including nerve impu lses, muscl e contracti ons and the 

activiti es of enzymes and (more than 99%) is located in the bones, plays an important 

role for structure and strength of bones. Su ffic ient calc ium intake is essent ial fo r 

obtaining optimal peak bone mass in yo uth al ld lor minimizing bone loss lak r in li l ~ 

(Gurr, 1999). Up to about a third of ca lcium from food is absorbed, the remainder be ing 

excreted in the faeces. The proportion of ca lcium abso rbed from food depends on how 

the calcium is chemical ly bound in the food and the presence of many substances also 

present in the food, which may either enhance or inhibit. absorption. The eftic iency of 

calcium absorption decreases as the amount ingested increases (Gurr, 1999). 

2.9.4. Phosphorus 

Phosphorus is a major component of the bod) . s structural calcium-phosphate complex­

hydroxyapat ite I bone and fluorapatite in deni al enamel. Phosphate is in vo lved in the 

structure of the genetic material s DNA and RN/\. and other essential rol es of thi s mineral 

include energy transfer and storage , structure of phospholipids in ce ll members and 

maintenance of ac id base balance. Most dietar \' phosphorus is in the form of phosphates. 

Phosphorus defi ciency can result from excessi\ e use of antaacid that contain aluminum 

phosphate in the intestine. 

Defi ciency of phosphorus IS common In malnouri shed children and severe 

hypophosphatemia is associated with increased mortality in kwashiorkor. Phos phorus 

defici ency is al so likely to cause ri ckets-like bone changes in malnouri shed children. 
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Phosphorous is likely to be a limiting nutrient in treatment of ch ildren. Absorption or 

di etary phosphorus is high (55-70%). re lat ivel y ind~pendent of di etary com posi ti on. and 

does not appear to be up-regulated at low intakes. Dai ry product s, mea l. po ultry. eggs, 

fi sh, nuts, and legumes are generall y good sources of hi ghl y ava ilable phosphorus. 

However. the main form of phosphorus from plant material is phytate wh ich is res istant 

to digest ion unless enzymati ca ll y degraded by phytase. Thus. phosphorus from phytate is 

onl y absorbed to a minor degree under norma l conditions and the phytate fracti on of 

phosphorous should therefore be di scounted from the ca lculations of the tota l 

phosphorous requirements (Golden, 2009). 
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Chapter Three 

3. Materials and Methods 

3.1. Selection of sampling site and sampling method 

3.1. t. Sampling site 

Law tannin sorghum (Sorghum bicolor L. Moench) variety ("Teshale") was collected 

from Melkassa Agricultural Research Centre (Meiso) and chickpea (Cicer arietinum L.) 

variety ("Harbu") was obtained from Debre Zeit Agricultural Research Centre (DZARC) 

and stored in clear sterile polyethylene bags and kept at room temperature until use for 

three weeks. Melkassa and Debre Zeit research sites were chosen for this study for 

reasons of accessibility and potential areas of sorghum and chickpea varieties produced 

and these research sites are also working mainly in cereals and legumes, respectively. 

Kabuli chickpea variety ("Harbu") 

Germinated sorghum ("Teshale") Sorghum ("Teshale") variety 

Figure 3.1 sorghum and chickpea samples variety used in the study. 

l 
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3.1.2. Samplin g method 

Law tannin sorghum va ri ety ("Teshale") and kabul i chi ckpea vari ety (" Harbu") we re 

used thro ughout thi s stud y (Figure 3. 1). The sampling technique used was conve nience 

(Avai lab il ity) sampling method; sorghum from sorghum ex tension department under 

Me lkassa research site ("Meisso") and chi ckpea from chickpea ex tension department in 

Debre Ze it research center. In addition , samples were checked not damaged during 

harvest and not attacked by pests. About 4.0 kilogram s of sorghum and 1. 5 kilograms of 

chi ckpea samples were co ll ected from each va ri ety. 

3.2. Sa mple preparation 

The smghum and chi ckpea sampl es co ll ected fo r thi s stud y were manuall y cleaneel tn 

remove stones, dust and light material s, stalks, and broken unders ized and immature 

gra in s. Cleani ng was done by win nowing and hand sorting. Afte r c leaning sorghum 

grains "ere d ivided into two portions: 

./ One part (ungerminated); used as control was dri ed , milled. 

sieved/kneaded and ready for ana lys is . 

./ The second part ; soaked for 22 hours, germinated fo r 2 days (Sh imel is, 

2009), dried, milled, sieved and rea cty for fermentati on. 

The chickpea was blanched for 20 minutes, dehulled manua ll y. dri ed by dryi ng oven. 

milled. sieved and ready for blending proportion and ferme ntation. Ungerminated 

chickpea was used throughout th is stud y to blend with ge rm inated and unge rminfltecl 

so rghum . Rail' so rghum (100%) and ra w sorghum/chickpea blend (70 :30) we re u,cd ru,' 
compa ri son with the treated samples . For drying pu rpose. drying oven (Memmer! . 

Germa ny) was adjusted at 55 °C for abo ut 24 hours. The dri ed samples (4000g sorghum 

and 1500g chickpea) were mi ll ed into flour using Tecator Cyclotec I 093 sample mill er 

(Swede n) and passed through a I mm aperture size laboratory test sieve (Endecotts Ltd. , 

London England). Sieved samples were then packed in airtight polyethylene plastic bags 

un ti l further anal ys is (Figure 3.2). 
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Figure 3.2 Flow chart of sample preparat ion 

3.3. Description of the P"occssing conditions 

3.3.1. Ger mination 

CHICKPEA 

Clean 
t 

Blant hed 

Dehulled 

Dr ed 

Milled 
I 

I 
I 
.w 

Sieved 

Sorghum grains were washed and soaked for 22 hours then washed twice using deionized 

water. The soaked and washed sorghum grains were again divided into two portions. The 

first portio n was ge rminated fo r 22 hours (S himelis. 2007) and the second portion 

remaineciungerminated. During ge rmination seeds were covered with we t c lean cloth and 

placed in a clean bamboo-made basket. Then kft in ambient condition s and wa tered ~ - .1 

times a day to enhance the germinat ion process. 

3.3.2. Fermentatio n 

Blended so rghum and chickpea fl our with the blending ratio of so rghum to chi ckpea: 

70:30 and 100:00 were used and prepared in de-ioni zed water at a concentrat ion or 1:3 

dilutions (w/v) in plastic conta iners . The prepared slu rry of sorgh um and chickpea were 

all owed to ferm ent in two ways: -
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./ Naturally with onl y the microorgani sm s borne on or inside the seeds 

(endogenous microilora on the seeds) and 

./ Us ing germinated so rghum ilour at room temperature (25 ± 2 0c) fo r 72 

hrs. 

During the i'ermentation process samples we re withdrawn wi th in 24 hI'S interval. and pH . 

titratabk ac idity and microbial analysis we re performed to determ ine appropriate phys ic­

chemi cal and microbiological properties of complementary foods. After pH and tota l 

bacterial count were performed, it was approved 48 hI'S fermentation was op timal fo r the 

lower limit of recommended microbia l load of comp lementary food. So, 48hrs fermented 

samples we re transferred to aluminium di shes and dri ed in a freeze drier fo r further 

analys is. Dri ed samples were milled with a miller (IKA -Werke. M 20) to pass a I mm 

sieve and stored for analysis. Dried samples were ana lyzed for pH , titratable acid ity, bulk 

density. microbial , proximate analysis, mineral (In, Fe. Ca and P) tannins. phytate. 

vi scos it y and sensory characteri stics. 

3.4. Experimental design for preparation of porr'idge 

At a low ilour content (S- ISg dry matter/ IOO ml). the gruel has a free-ilowing 

consistenc y and is easy to swa llow but its energy density (20--40 kca llJ 00 g) is lower 

than rhe minimum value of 84 kcal/IOO g of gruel recommended for children aged 9- 23 

months fed at a rate of 2 mea ls/day in addition to ave ra ge breast milk intake (Dewey & 

Brown. ~003 ) . so that 17% and 25% dry matter (DM) was selected for preparation of 

porridge. Raw, germinated and fermented sorghum/chickpea ilours were mi xed with 

water in the proport ion of sample to water (17%: 83%) and (25%: 75%). Then. porridges 

we re prepared by mixing ilour and water in a 200ml glass beaker at 92 °c fo r 15 minutes. 

Eight porridges were prepared at dry matter ( 17% and 25%) contents and with 70: ] 0 and 

100:IUO (so rghum: chickpea) blending proportions (Figure 3.3). Thi s bknLiing 

proportion. which corresponds to the energy and macronutrient requirements of young 

child ren. "as used based on the material balance method to target 18% protein and 59% 

ca rboh,,1rate in the complementary food formulation (Amankwah. 2009). The dry matter 
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content of porridges was determined by oven-drying at 105 u(' to constant weight (fo r 6 

hours). 

Raw flour (control) 

70:30/100:00 
I 

Unfermented flour 

porridge 

Sorghum/Chickpea blended flour 

Germinat ed flour Fermented flour 

Germinated f 

porridge 

:00 

lour 

Naturally Fermented 

Porridge 

70:30/100:00 

I 

J 
Germ/Ferme 

Porridge 

70:30/100:00 

nted 

Figure 3.3 Experimental design showing the germination and fermentation processes to 

prepare porridge . 

3.5. Laboratory analysis 

3.5.1. PH and titratable acidity determination 

The pH and titratab le ac idity of the samples were determ ined according to the method of 

Pearson ( 1971). 109 of the sample was added to 100 ml of di still ed wa ter and stirred Il) r 

30 min . The pH of the s lurry was determined by dipping the elec trode of the pH meter 
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(Hanna Inst rument- pH 30 I) in the mixture and the result was recorded. Triplicate 

determinations were made in al l cases. The pH meter was cal ibrated using pH 4.U and 7.U 

buffers. Titrata bl e acid ity expressed as percentage of lact ic acid , was determined by 

titrating 10 ml of the homogenate samples used for pH determinat ion agai nst 0.1 N 

NaOH using phenolphtha lain indicator. The vo lume of 0.1 N NaOH used fo r titration of 

the samp le was recorded. 

% Lactic Acid =V x 0.009008 x l OO/W 

Where: V=Vol ul11 e of 0. 1 N NaO H used for sample titration; 0.009008=Factor equ iva lent 

in which Iml ofO. IN NaO H =0.009008g C3 H605; W=Weight in gram of sample in the 

mixture (Pearson, 1971). 

3.5.2. Methods for determination of microorga nisms 

Total plate counts and lactic acid bacter ia counts were iso lated within 24 ho urs in terval 

from samples taken during the fermentation step (from 0 to72 h) after se rial dec imal 

dilutions in 9 (w/v) sodium chloride so lutions. Total plate co un t and lactic acid bacteria 

(LAB) were enumerated using Plate Count Agar (PCA, Difco. France) and de Man. 

Ragosa and Sharp (M RS, Difco, France). MRS plates we re incubated at 30°C fo r 48 h, 

PC A plates at 37 °C for 48h. The plates conta ini ng 30 to 300 co lonies were counted using 

a colony counter. Results are means of duplicate enumerations of microflora in samples 

of each experiment. 

3.5.3. Bulk density 

Bulk density was determined by using the method desc ribed bv Naraya na and Narasinga 

( 1984). Ten gra ms of each sample was we ighed (W I) into a 25 ml graduated measuring 

cy linder. The sample was gentl y tapped to eliminate spaces between the flour samples 

and re'Aeighed (W2). The stud y was conducted in duplicate. 

(
9) WI -W2 Bulk density - = ----,-------
ml Vo lu me of sa m ple befo r e tapping 

Where: WI = we ight of sample before tapp ing 

W2= weight of sample after tapping 



3.6. PI'oximate Analysis 

3.6.1. Det.ermination of moisture content 

The di shes used for the mo isture determ ination were dri ed at 130 "C for I hr in Memmen 

drving oven of mode l 40050 and placed in des iccators fo r abo ut 30 min . The mass 01' 

each dishes wa9 measured (M I) and about 5 g of the sam ple was we ighed in to each ur 
the di shes (M2). The sample was then mi xed thorough ly and dried at 100 Uc for 6 hr. 

Afier drying is completed, the mass was measured (M3). The moisture conten t was 

ca lculated from the equat ion: 

( W) M2 - M3 
Moisture content % - = 2 * 100 

W M -M1 

Where : M I =mass of the dish, M2=mass of the dish and the sample before drying, and 

M3=mass of the dish and the sample after dry ing (AOAC 2000, 925.05). 

3.6.2. Determination of crude protein content 

Protein conten t was determi ned according to AOAC (2000) using the offici al method 

979.09. Abo ut 0.5g samples were taken in a digesti on flask and 6m l 01' concentrated 

sulfu ri c ac id was added and left overnight. Then 3.S ml of 30% hydrogen perox ide alld 315 

of the cata lyst mixture (7Sg of copper sul fate and 0.7g of po tassium sulfate) we re added 

in to digestion flask. The mixture was then exposed to a temperature of about 370 "c for 

four hours in order to all ow digestion. Then di still ation was took place by add ing 2Sm l of 

40% sodium hydroxide to the digestion fla sk and using 25m l of 4% boric ac id so lution 

and three drops of methyl red so lution as indicator into a 250ml conical fl ask. The 

di stil lati on was continued until a total vo lume of I SO-200m I is co llected in con ica l fl ask. 

Final ly. the distillated so lution was titrated with standard ized 0.1 N hyd rochlori c ac id to a 

pink color and the amo unt of hydrochloric ac id was reco rd ed. The crude protein content 

was es timated using the formula: 

(A - 8) * N * 14.007 
Crude nitrogen content (%) = w * 100 

Where: A= vo lume (m l) of hydrochloric acid used in titrat ion for the test sample 
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B = vo lume (ml) of hyd rochloric ac id used in titration of the blank 

N = no rmal ity of hyd rochlor ic ac iclusecl (0.1 N) 

14.007= Eq ui valent weight of nitrogen 

W= weight in gram of a test sample 

The prote in content was ca lculated from the fo ll owing equation: 

Crude prote in (%) = %Total nitrogen x 6.25 

3.6.3. Dete rmin at ion of crude fiber content 

Crude tiber content was determined accord ing to AOAC (2000) using onicial method 

962.09. Abo ut 1.5g weighed sample was placed into a 600ml beaker and abo ut 200m l of 

1.25% H2S04 was added and boi led for 30 minutes. Record ing was taken place by 

placing il watch glass over the mouth of the beaker. After 30 minutes hea ting by gentl y 

keeping the leve l constant with distilled water, 20m l of 28% KOH was added and again 

boi led gently for a further 30 minutes. Subsequently washing was conducted with 1% 

sulfuri c ac id and NaO H solution and filtering was foll owed. After filtering the sample 

was dri ed in an electric oven at 130 °C for 2 hours and coo led for 30 minutes in the 

desicca tors and we ighed . Then it was ashed in a muffle furnace ashing for 30 minutes at 

550 °C and coo led in the des iccators and then re-we ighed. Finall y. the crude fiber content 

'MIS calculated by us ing the fo ll owing formu la: 

. Wl-W2 
Crude fiber (%) = * 100 

W3 

Where: W I =weight of crucible and sample after drying 

W2=weigh t of cruc ible and sample after ashing, 

W3=we ight of sample 

3.6.4. Determination of total ash contcnt 

Total ash content was determ ined accord ing to AOAC (2000) using the official method 

923.03. The porcela in di sh used for the ana lysi; was cleaned by drying oven at 105 Uc for 

30 mi nutes and coo led in desiccators for 30 minutes was measured us ing anal ytical 

balance (M I). Abo ut 2.5g of the samp le was we ighed in to porcelain di sh (M2). rhe 
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di;hes and their content we re placed on a hot plate unde r a fume hood and the 

temperatu re was slowly increased un ti l smoking ceases and the samp les become 

thoroughl y charred. The charred samp les were placed inside the muftle fu rn ace 

(Carbolite CS F 1200) at about 550 °C fo r six hours until free from carbon and the 

res idues appear whiti sh color. The samp le was then removed from the furnace and if the 

ashing was incomplete ( traces of ca rbon are still ev ident ) it was mo istened by the few 

drops of de- ioni zed water and conc. HN03 added, dri ed and return to the furnace and re­

ash at 550 °C until white ash co lor was obtained. It was removed from the furnace and 

coo led in the des iccators and finally the mass was weighed (M3). The amount of total ash 

was calcu lated by lls ing the foll owing formul,a: 

Total ash C%) 

Where: M I =Weight of the di sh 

M2= Weight of fresh sample and di sh 

M3 = Weight of ash and dish 

3.6.5. Determination of crude fat content 

W 3 -Wl * 100 
W 2-Wl 

The crude fat content was determined acco rding to AOAC (2000) using offi cial method 

4.5.0 I. The cleaned ex traction nasks we re dri ed by drying oven at 105°c for 30 minutes 

and then cooled for 30 minutes in desiccators and we ighed, A clean. dried ex traction 

thimble containing about 2g of dri ed sample and covered with fat free cotton at the 

bottom and to p was placed into Soxhlet (Shangha i Qianjian Instrument CO .. LTD) 

extract ion cham ber. Coo ling water was switched on and a 50m l of Diethyl Ether was 

added to the ex trac tion flask through the condenser, The extract ion was conducted for 

about four hours. Fina ll y, extract ion flasks were dried in oven at 105 °C for 30 minutes 

and coo led in the desiccators for } O minutes and we ighed, The crude fat content was 

determined as fo ll ows: 

W2-W1 
Crude fat (%) = w * 100 



Where: W2 = Weight in gram of extraction flask and dried crude fat 

W I =Weight in gram of ex traction flask 

W=We ight in gram of test sample 

3.6.6. Determination of total carbohydrate 

Tota l carbohydrate content was ca lculated by di ffe rence using the formu la as follows: 

Carbohydrate (%) = 100 - (% crude protein + % crude fiber + % tota l ash + % crude fat) 

3.6.7. Determination of total energy 

Total energy content was obta ined using Atwater conve rsion factors 4, 9 and 4 for each 

gram of crude protein, crude fat and ca rbohydrate and expressed in ca lor ies, respec ti ve ly 

(Guyot e/ al., 2007). 

( 
Kca ) 

Tota l energy 100g = (9 * %Fat) + (4 * %Prote in ) + (4 * % Carbohydrate) 

3.7. Mineral analysis 

3.7.1. Calcium, iron and zinc determination 

Ca lcium . iron and zinc were determined according to the standard method of AOAC 

(2000) using an Atomic Absorption Spectrophotometer (Varian SAA-20 Plus). Ashing of 

the samples were fo llowed by digestion and absorption. Ashing: carefull y washed sili ca 

di shes were dr ied in oven at 105 °C for 15 minutes and coo led in desiccators about 30 

minutes at room temperature and we ighed. About I.OOg of sample was transferred into 

each di sh and placed on a hot plate under a fume-hood in slowly inc reas ing temperat ure 

until smoking ceases. The charred sample was placed in a muffle furnace at about 550 Uc 
unt il free from ca rbon and the residues appear white in co lor. The samples were th en 

removed from the muffle furn ace and if the ashing was incomplete it was further 

moistened by a few drops of de- ionized water and concentrated nitri c acid and dri ed on a 

hot plate and re-ashed in the furnace at 550 °C until white ash co lor was obtained. 
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Digest ion: the ash was digested with 5ml of 6N I-ICI to wet it completely and ca refull y 

dried on a low temperature hot plate. Seven ml of 3N I-ICI was added on each di sh and 

heated on a hot plate unt il the so lution just boi ls. Then the so lution was coo led to room 

temperatu re and fi ltered th rough a fi lter paper (Whatman) into 50ml vo lumetric fl ask 

retain ing as much of the so lids as poss ible in the di sh. Aga in 5ml 3N I-I CI was added to 

the di sh to di sso lve the res idue and it was hea ted unt il the so lution just boiled. Then the 

so lution was cooled and fi ltered in to the same 50inl vo lumetric fl ask. The di sh was then 

washed with water and fi ltered in to the vo lumetri c Il ask. Since calc ium is 10 b~ 

determined 2.5 ml of 10% Lanthanum chlor ide so lution was added in 50ml vo lumetri c 

flask thai contained the fi ltrate. Final ly, the flask was fill ed with fres hl y de- ioni zed water 

up to the marie Blank was al so prepared in pa ra ll el with the sample using the same 

amount of reagents that were used fo r the sample through all steps. 

Standard so lutions : Five series of working standard so lutions for Ca, Fe and Zn we re 

prepa red from 1000ppm meta ls stock so lutions with de- ionized water containing 2.4ml 

3N I-I CI and 0.5ml Lanthanum chloride in I Oml vo lumetri c flask used to make the sample 

and standard matrix similar. The stock standard so lutions of minerals (zinc, calcium and 

iron) "ere diluted with 0.3N He l to concentrat ions that Iil il within the wo rki ng ra n !!~ 

(0.5. 1. 5. 2.0. 2.5 and 3.0 (~g1ml ) for calcium ana lys is: 2. 6. 10 and 12 (pg/ml) fo r iron 

analysis ; 0.5, 1.0, 1.5 and 2.0 (~g1m l ) for zinc analys is. 

The ap paratus were set according to the instructions and a calibration curve was prepared 

by plotting the absorption va lues aga inst the metal concentration in (flg/ml). The Fe, Zn 

and e a content 111 the samp le was determ ined uSing Atomic Abso rpt ion 

Spectrophotometer at 248 .3nm, 2 13.9nm and 422. 7nm wavelengths. respectively. Three 

read ing were taken from the graph for each metal which depicted the metal 

concentrations thai co rrespond to the absorption values of the samples and the blank. The 

metal contents we re ca lculated by using the foll owing formul a: 

Metal contents ( mg ) 
100g 

Where: W=Wei ght of the sample in gram 

(A - B) * V 

10 * W 
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A=Concentration (pg/ml) of sample so lution V = Volume orthe ex tract (50ml ) 

B=Concentrat ion (pg/ml) of blank so lu tion 

3.7.2. Phosphorus determination 

The samp le so lutions prepared for mineral determ inat ion was used for phosphorous 

dete rmination. Abo ut Iml of the clear ex trac t was diluted into 50ml with de- ioni zed wa ter 

in a 100mi vo lumetri c flask. Five ml of the sample dilution was added into test tubes. A 

0.5m l of molybdate and a 0.2ml am inonaphtholsulphonic ac id were added into the test 

tubes (sample so lution) and mixed thoroughly step by step. Again 0.2ml 

aminonaphtholsu lphon ic acid was added into the test tubes repeatedl y until the so lution 

becomes clear and then the so lut ion was all owed to stand for 10 minutes. Standa rd and 

blank so lutions were prepared as above but 5m l of working standard and 5ml of de­

ioni zed water in place of the sample dilu tion we re used, respecti ve ly. Six seri es of 

working standard phosphorus sol utions (0, 0.2, 0.4, 0.6, 0.8 and 1.0~lg/ml ) were prepa red 

by di sso lving 438.8mg of KHP20 4 in some water in a 100mi volumet ri c fla sk and added 

I ml of concentrated l-hS04 and dilute to the mark with de-ionized water. After setting the 

instrum en t operation process, the absorbance (A) of the sample so lution was measured at 

660nm against disti ll ed water using UV-VIS spectrometer. The standard and sample 

blank so luti on ana lysis was carried out simultaneous ly wi th sample so lution. Ca libration 

curve (concentrat ion versus absorbance) prepared and used to measure the amount of 

phosphorus in the test sample as foll ows: 

( 
mg ) (A - B) * dilution factor * extt-acted vol um e 

Phosph orus -- = * lUO 
100g Slope * Weight of sample * 1000 

Where: A= absorbance of sample, B=absorbance of blan k, Slope= obtained from the 

cal ibrati un 

3.7.3. Determination of phytatc and non-phytate phosphorus 

Phylate and phosphorous were determined by the above methods. Phylate phosphorus 

was ca lculated with the follow ing formula (Khetarpaul and Sharma, 1997). 

Phytate phosphorous (mg/ IOOg) = (A x28.18)/IOO 



Where: A = phytate content (mg/ I OOg) 

Non-phytate phosphorus was ca lcul ated as a difference between the tota l 

phosphorus and phytate phosphoru s. 

3.8. Ana lys is of antinutritional factors 

3.8.1. Determinat ion of phytate 

Phytate content was determined using method descri bed by Latta and Eskin (1980) and 

later mod ified by Vaintraub and Lapteva (1988). About O. lg of dr ied s ample was 

extracted with 10mi 0.2N HCI in a mechan ica l shaker for one hour at an ambient 

temperature and centrifuged at 3000rpm for 30 minutes. About 3ml of the clea r 

supernatant (sample so lution) was transferred into test tube for phytate estimation. About 

2ml of wade reagent (0.03% solution of FeC13.6H20 and 0.3% of sulfosalic il ic ac id in 

water) was added to sample so lution and mi xed with a vortex (Thermolyne mi xer) for 5 

seconds and centrifuged. Standard blank so lution was prepared as above but 3ml 01' 

standard in place of the sample d ilution was used. 

Six seri es of working standard phytic ac id so lutions (0, 4.5. 9.0, 18. 27 and 36flg/ml) 

were prepared by dis'so lvi ng 0. 18 14g ofph yti c ac id in 100m i of O.2N HCI. After sett ing 

the instru ment operation process, the absorba nce (A) of the sample so lution was 

measured at 500n m aga inst de ioni zed water using UY-YI S spectrometer (Model CEC IC. 

CE I 02 1). The standard and sample blank so lution ana lys is was ca rried ou t 

simultaneously with sample so lution. Ca li bration curve (concentrat ion versus 

absorbance) prepared and used to measure the amount of phyti c acid in the test samp le as 

fo II 01' s: 

Phytic acid C~~g) = 

Where: A= abso rbance of sample 

B = absorba nce of blank 

{(A - B) - Intercept} 10 

(S lope * Weight of sa mple) * ( h) 

.to 



Slope and Intercept = obta ined from the ca libration curve 

3.8.2. Phytate mineral molar ratio ca lcu lation: 

Phytate ca lcium molar ratio was obtained (mg of phytate/molecular we ight of phytate 

div ided by mg of ca lcium/molec-u lar we ight of ca lcium) . 

Phytate iron molar ratio was obtained (mg of phytate/molecular we ight of phytate: mg of 

iron/molecu lar we ight of iron). 

Phytate zinc molar ratio was obta ined (mg of phytate/molec ular weig ht of' phytate: mg of' 

z inc /molecular we ight of zinc). 

Phytate x ca lcium/zinc milli molar ratio was obta ined (mg of phytate/molecular weight of 

ph ytate) (mg 0 f ca lci um/mo lecular we ight 0 I' ca Ici um)/ (mg 0 f zi nc/molec ular we i gh t 0 f 

zinc) div ided by 100. 

3.8.3 . Determination of condensed tannin 

Tannin content was determined using the method of Burns ( 1971) as mod ified by 

Maxson and Rooney (1972). About I g we ighed sample was transferred into a sc rew cap 

test tu be and I Oml of 1% HCI in methanol was added to extract and then the test tube was 

placed on mechanical shaker for 24 hours at room temperature. Then the sample so lut ion 

was centrifuged (Adam smith) at 1000rpm for fi ve minutes. About I ml 01' supernatant 

was taken from sample so lut ion and mixed (Vortex mixer) with 5ml of va nillin-Hel 

reagent (m ixture of 4% van il lin in methanol and 8%HCI in methanol) in another test tube 

and then the mixture was left for 20 minutes to complete the reaction. Standard and blan k 

so lut ions were prepared as above but (0.2-1.0) ml of stock so lution and empty test tube 

were used in place of the sample so lution, respectively. 

Preparation of the standard curve: D-catech in was used as standard va lue for condensed 

tannin determination (tannin in mg D-Catechin/g of samp le). Six seri es of stock so lutions 

(0 , 0.2. 0.4. 0.6 , 0.8 and I.flg/mll were prepared by di ssolv ing 40mg of 0- catechin in 

IOOOml uf 1% HCI in methanol. Then the vo lume or each test tube was adjusted to Iml 

with 1% HCI in methanol and Sml of va nillin-H CI reagent was added into each tes t tube 

and the test tube was kept fo r 20 minutes to comp lete the reaction. Finally. the 
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absorbance of sam ple solutions and the standard so lution were measured at 500nm using 

U V-V I S spect rophotometer (model CE I 02 1) and the standard curve was made from 

absorbance versus concentrat ion. The slope and intercept were used fo r ca lcu lation. The 

condensed tan ni n content in the sample was ca lculated using fo rmu la: 

C d d . (mg ) (A-B)- In tercept on ense tannm -- = -'-----'----'-
lOOg SIope*W 

Where: A = Sample abso rbance, d = Density of so lution (0 .79I g/ml) 

B = Blank absorbance, W = Weight of sam ple in gram 

3.9. Viscosity determination 

The porridges were prepared by mi xing raw, germinated and ferm ented 

sorghum/chickpea fl our and water in a 200m l glass beaker at a concentration of 17% and 

25% dilutions (w/v). The mixture of water and fl our were cooked at 92 °c for IS minutes. 

The porr idges were placed in a water bath mai ntained at 45°C (heating temperatu re) and 

its viscos ity was measured using a Brookfield Viscometer (Model DV II Rheometer V2.0 

R V; Midd leboro. Massachusetts, USA) at I-Iawassa Uni ve rsity. The cooked porridges 

were poured into the viscometer beaker, cooled to 4S °c and viscos ity was measured in 

centipoises (cP) , using sp indle number 7 at a shear rate of 50 re vo luti on per minute 

(RPM ). After 10 minutes of revo lut ion , the average of the maximum and minimum 

viscos ity reading was recorded accord ing to the speed. 

3.10. Sensory evaluation of porridges 

The sensory eva luation was carried out for consumer acceptance to eva luate the attributes 

such as color, aroma, ta ste, text ure and overall acceptab ili ty of the porridge, prepa red 

from raw (control), germinated and fermented sorghum/chickpea blend. Twenty two 

semi-trained panel ists comprising of first yea r M.Sc. students from AAU Center for Food 

Science and Nutr ition were randomly se lected to perform the evaluation. Nine-point 

hedonic category scales was used to rate the attr ibutes rang ing from like extremel y to 

di sli ke extreme ly as used by (Mepba el al., 2007). Sam ples we re eva luated on a desk 
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placed an open well illuminated room, which provided a quiet and comfortab le 

en vironment. 

In the sensory eva luati on sess ion, the porridge samples we re prepared in the labora tll ry o r 

Center for Food Science and Nutrition of Addis Ababa University. in the same cond iti on 

that mothers used to prepare porridges at home. The paneli sts were seated individual ly in 

order to avo id dependency of one panel on the other. The coded samples were presented 

in random to each panelist on identica l white transparent plastic tray at ambient 

temperature . Panelists were asked to ind icate their degree of liking for each attributes of 

the coded samples by choosing the appro priate category. Panelists were provided with 

palatable water to rinse their mouth before and after evaluating each sample in order to 

eliminate bias between evaluations. 

3.11. Design and Data Analysis 

The Complete l) Randomized Design (CRD) was used in evaluation. The drect ur 

ferm entation and germination on the complementary blend was eva luated by comparing 

them to a control. The controls were formulated from 100% ungerminated sorghum (US ) 

fl our and 70% ungerminated sorghum fl our with 30% chickpea (USC) blended fl ollr. 

Data we re submitted to anal ys is of variance (A NOYA) and subjected to SPSS package. 

ve rsion 20. Duncan's mUltiple range tests was used to separate means. Sign ificance was 

accepted at the probability P :s 0.05. Results were reported ± standard dev iati on (SO) of 

duplicate and tripl icate treatment and were averaged. 

'-
I 
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Chapter Four 

4. Results and Discussions 

4.1. Changes in pH during fermentation 

The changes in pH during fermentation of sorghum/chickpea blend were illustrated in 

Figure 4.1. At the beginning of fermentation pH value of ungerminated sorghum (FUS), 

germinated/fermented sorghum (FGS), ungerminated/fermented sorghum/chickpea 

(UFSC) and germinated/fermented sorghum/chickpea (GFSC) were 6.56, 6.160, 6.55 and 

6.29, respectively. 

Figure 4.1 Changes in PH of sorghum/chickpea mixture during fermentation periods 
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During fermentation step (from 0 to 24h), acidification increased and resulted in a pH 

drop from an initial value of around 6.56 to a final value about 4.3 and followed by a 
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phase of slow ac idification (from 24hrs to 48 hrs). that resulted in a further dec rease in 

pH to abo ut 4.04. Except in the fe rmentation of 100% ge rmi nated so rghum (G S). pH 

drop of all other combinat ion of fermentation fo ll owed a simi lar and class ica l pattern as 

shown in (Figure 4.1 ). Afte r 72 hours of fermentation the pH of most of the samp les fl our 

decreased steadily' during fermentation and ranged between 2.98 (lowest va lue for 

germinated sorghum) and 4.09 (highest va lue for un-germinated so rghum). 

The effect of fermentation on pH was signifi cantl y influenced by the presence of 

germinated sorghum that was mixed dur in g fermentation . These result s agreed with 

Firibu (20 12) who reported that when low or no malt was added to the fermenting do ugh 

system. higher amounts of titratab le acids we re formed. and higher pH observed than 

when higher amounts of malt we re ·added. The lowest pH and hi ghest TA we re recorded 

after 72 hou rs fe rmentation of germinated so rghum was due to the high amount of malt in 

the sample and the enzyme (a-amylase) were avai lab le for starch hyd rolys is into 

fermentab le suga rs. A decrease in pH with a corresponding increase in titratable acidity 

has been re ported in fermentati on of vari ous food grains (Abdel haleem el ui. , 2008 ; 

Shimel is and Raks hi t, 2008). Accord ing to these authors, the production of lactic ac id 

bacteri a during fermentation has attributed to the decrease in pH. 

4.2. Change in titratable acidity during fermentation 

The changes in titratab le ac idity (TA) during fe rmentation of so rghum/chic kpea blend 

we re presented in Figure 4.2 . At the beginning of the fermentation step (0 holll's ) TA 

ranged from 0.045% to 0.073% fo r fe rmented/ungerminated sorghum (FUS) and 

fermented/germinated sorghum (FGS). respecti ve ly. After 72 hours of ferm entation TA 

increased ra nging from 0.108% to 0.153% for fermented/unferminated so rghum/chickpea 

(FUSe) and ferm ented/ungerminated sorghum (FGS), respectively. Dur ing the 

fermentation step stating from 0 hours to 72hours TA of all the samples were 

signifi cantly (P<0.05) increased (Figure 4.2). PH decrease and TA increase are an 

important parameter for assess ing how fa st the process will reach conditions (pH lo wer 

than 4.5) which can hinder or inhi bit the growth of food-borne pathogens. The produced 

acid dur ing fe rmentation helps to preserve the products. Ferm entat ion has also been 
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strongly suggested to have inhibitory effects on the groups of micro-organisms that can 

cause spoilage or food poisoning (Odumodu and [nyang, 2006). 

Figure 4.2 Changes in TA of the sorghum/chickpea mixture during fermentation periods 
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Reported values are the mean ± (SE) (n=3). Sample codes are as stated in Figure 4.1. 

The pH drop and rise of TA in the present study is attributed to the microbial activity on 

sorghum (both germinated and non-germinated) and chickpea flour converting some of 

the carbohydrates in to organic acids such as lactic acid, citric acid, acetic acids and other 

volatile short chain fatty acids. 

4.3. Microbiological analysis 

4.3.1. Total plate counts 

To assess the effect of germination and fermentation on microflora (total plate count and 

lactic acid bacteria (LAB) microbiological analyses were performed during different 

fermentation steps and the results are presented in (Figure 4.3). The total plate count was 
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significantly highest (P<0.05) at the beginning of fermentation time; 8.958 logcfu/ml, 

9.349 logcfu/ml, 9.570 logcfu/ml and 9.4310gcfu/ml for fermented/ungerminated 

sorghum (FUS), fermented/germinated sorghum (FGS), ungerminated/fermented 

sorghum/chickpea (UFSC) and germinated/fermented sorghum/chickpea (GFSC), 

respectively. Within 24hrs hours of fermentation the total plate count drop significantly 

reaching a maximum of3.47610gcfu/ml after 72 hours of fermentation . The drop of total 

plate counts were 8.958-3.225 for FUS, 9.349-3 .1 60 for FGS, 9.570-3.476 for UFSC and 

9.434-3.32210g cfu/ml after 72hrs offermentation. 

Figure 4.3 Total plate count of sorghum/chickpea blend during fermentation 
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Reported values are the mean ± Standard Error SE (n:2). Sample codes are as stated in 

Figure 4.1. 

After 48 hours of fermentation the total plate count for all the study samples reached to 

below an acceptable li mit to the preparation of complementary food (~ 410gcfu/ml) 

(Jacqueline et a I. , 2009) with the result 3.913, 3.55, 3.572 and 3.711 for FUS, FGS, 

UFSC and GFSC, respectively. Similar observation was made by Nout (1991) on 

fermented sorghum-based infant food , where the microbes fell from 2.5 to 1.7 log cfu/g 

after 60 h of natural fermentation. The high initial bacterial count was in the same range 

as those measured by Sanni et al. (1994) on traditional ogi sorghum. The increased l 
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microbial flora may have developed during the malting process and contamination of the 

samples during milling, thus resulting in the higher initial count at the beginning of 

fermentation. 

4.3.2. Lactic acid bacterial counts 

Lactic acid bacteria count on MRS agar ranged trom 4.72410gcfu/ml (minimum value) 

scored for fermentation of non-germinated sorghum flour at Ohrs to IO .90910gcfu/ml 

(highest value) scored at 72hrs of fermentation of germinated sorghum blended with 

chickpea (Figure 4.4). 

Figure 4.4 LAB count of sorghum/chickpea blend during fermentation 
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Reported values are the mean ± (SE) (n=2). Sample codes are as stated in Figure 4.1. 

The highest LAB count of IO.90910gcfu/ml was recorded for sample GFSC at the end of 

72hrs fermentation while sample UFSC had the lowest LAB count of 9.042±O. 73110gcfu 

Iml at the same time. The percent of increase of LAB count after 72 hours of 

fermentation was 31.84%, 33.7%, 41.9% and 44.27% for FUS, FGS, UFSC and GFSC, 

respectively. Lactic acid bacteria (LAB) population increased during all fermentation 

steps of sorghum and chickpea blend. Throughout the fermentation process, the 

predominant microorganisms were lactic acid bacteria with increasing in numbers from 
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the onset of fermen tat ion to the end of fermentation when compared with total bacte ri al 

co lonies. Th is might be due to the ability of the LAB iso lates to predominate and 

suppress the growth of other undes irable microorga ni sms. Odunfa and Adeye le (1985) 

al so reported dominati on of lacti c ac id bacteria in some trad itional fe rmen ted foods in 

Nigeria. The predominance of LAB in thi s study may be due to secret ion of lactic ac ids 

which inhibits greater growth of other pathogenic bacteria and yeasts in the fermenting 

medium . Fermentation has also been strongly suggested to have in hibitory effec ts on the 

groups of micro-organ isms that can cause spoil age or food poiso·ning. For examp le. the 

mean number of diarrhea epi sodes in preschoo l children over 9 month per iod was 2. 1 pCI' 

chi ld us ing fe rm en ted gruels compared with 3.5 per child using non-fermented gruels 

(Od unfa and Inya ng, 2006). 

4.4. Proximate composition of germinated an d fermented 

sorghum/chickpea flour 

The mean values for proximate compos itions such as moisture. crude protein. crude fal. 

tota l ash. crude fiber, total carbohyd rate and total energy of raw, germinated and 

fermented states of sorghum/chickpea samp les we re in ves ti gated and the effec ts of result s 

are presented in Table 4. I. 

4.4.1. Moisture content 

The proxi mate composition of so rghum/ch ickpea fl our samples processed by ge rminati on 

and fe rmentation are presented in Tab le I. The mean mo isture conten t of raw. ge rminated 

and fermented nour ranged from 5.80-7.90g/ I ~Og Cfable 4.5). Germ ina ted sorghum (GS) 

had the highest mean moisture va lue (7. 90gl 1 ~Og) and fermented/ungerm inated sorghum 

(FUS) had the least va lue (5.40g/l ~Og). Stat istica l ana lys is showed that germination and 

fe rmentat ion had sign ifi cant effect (p<0.05) on the moisture content of so rghum and 

so rghum/chickpea blend. As shown in Table I. moisture content was signifi cantl y (p < 

0.05) increased after germination in both fe rmented and unfermented sam ples. During 

fermenta tion. also the moisture content of the sam ples shuwed signilicant (p <. 0.05) 

Increase . 
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The increase in water uptake during germ inat ion is due to the increasing number of cells 

within the seed becoming hydrated (Oyenuga, 1968) .. Low mois ture content or lood 

samples is a desi rab le phenomenon, since the microbial act ivity is reduced (Oyenuga, 

1968). Low moisture content in food samples increase the sto rage periods of the food 

products (A lozie et aI. , 2009); wh il e high moisture content in foods encourage microbial 

growth: then, food spoilage (Temple et aI., 1996). 

4.4.2. C rude protein content 

The mean protein content of all the study samples of so rghum and sorghum/chickpea 

blend ranged from 11 .42mg/ 100g fo r US to IS.787g/100g for GFSC. The mean prote in 

contents of raw sorgh um (US) 11.42mg/ I ~Og was significantly (P<O.OS) decreased with 

va lue of 12.S24mg1l00g for germi nated so rghum (GS). Also the protei n content or ra\\ 

so rghum/chickpea (USC) blend 13.S52mgll ~Og was significantly lower than 

14. 912mgll ~Og germinated sorghum/chickpea blend (GSC). But, germ inated sorghum 

/chi ckpea (GSC), ugerminated/fermcnted so rghum/chickpea (UFSC) and ge rminated 

/fe rmented sorghum/chickpea (GFSC) blends had comparable protein contents with the 

results 14.912, 14.725 and 15.785mgIl00g, respectively (Table 4.1). 

According to present study germination and fermentation showed significant (p<0.05) 

increase in the protein content of sorghum and chickpea blend, and also fe rmentation of 

malted sorghum fl our for 22 hI's caused additional increase in crude. protein content. 

Cha va n and Kadam (1989) and Ahmed et al. (199 1) reported that the observed increase 

in protein content after processing of samples (germinati on and fermentati on) "as 

probably due to the shift in dry matter content through dep let ion of ca rbohydrates; du ring 

both ge rmination and fermentation by act ion of fermenting microorgani sms. The increase 

in protein cou ld be attributed to a net synthes is of enzymic protein by germinating seeds 

(W HO. 1998); wh ile Tsaio el at. (1975) stated that the increase in protein on germination 

or corn seed was due to mobilization of storage nitrogen producing the nu tritiona ll y high 

quality proteins which the young plant needs for its deve lopment. Accord ing to Monte et 

al. (2004) the recommended prote in content (grams of protein per 100 kcal of food) for 

complementary foods is of 0.7 g/ IOO kcal , from 5 to 24 months. In most countri es. the 
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prote in requ irements of infants are met when the energy intake is appropriate. except if 

there is a predominant intake of low protein foods (e .g. : sweet po tato and cassava). In the 

preset study al l the study samples fulfi lled the recommended nutritional intake (RNI) of 

prote in content of complementary foods per da y. Bu t, ce rea ls (so rghum ) are lack of 

essentia l amino acid (lysi ne. tryptophan). so blending chickpea", hich is rich sourc,' or 

lys ine inc reased the protein quali ty of the fo rmu lated complementary food. 

4.4.3 . C rude fat contents 

The mean fa t content of all the study samples ranged from 3.25 gil OOg fo r 

germ inated/ferm ented sorghum (FGS) and 5.00 mg/ I OOg reco rded fo r both 

ge rm ina ted/fermented sorghum/chickpea (G FSC) blend and ungerm ina ted/ferm en ted 

sorghu m/chickpea (FUSC) blend (Table 4.1 ). Ge rminat ion decreased fat content 

signi ficantly (P<O. OS) III so rghum samples from the 3.5 to 2. 7Sg11 OOg and 

surghum/chickpea mixture from 4.5 to 4.125g/ I OOg, however. afte r 48hrs of ferme11lation 

the fat content was increased signi fica ntl y (P<0.05) or comparable for both germinated 

and unge rminated sorghum and so rghu m/chickpea blend. Fermentat ion or germinated 

and un ge rminated sorghum/chickpea blends was compa rable on mean crude fat con tent 

after 48hrs of fermen tation. 

The observed decrease fat content during germ ination might be due to the increased 

activit ies of the lipolyti c enzymes during germination, which hydrolyse fats to fatty acids 

and glyce rol (O nwe luzo. 2009). On the other ha nd, increase of fa t duri ng ferme ntation 

may be because of additional release of some li pid ether extractable materi als released by 

fermenting micro-orga ni sms which might contribute to the observed increase in cru de 

ether ex tract of the samples (Onwe luzo and Nwa bugwu. 2009). Because of the fat content 

of ge rminated/fermented so rghum/ch ickpea blend is low to fullill the recommended need 

of fa t rrom complementa ry food (15-20%). small amo unt uf oi l should incorporated tu 

enhance the fa t conte nt of thi s product. 
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4.4.4. Crude tiber content 

The mean fiber content of ungerminated sorghum (US). ge rminated sorghum (GS), 

ungerm i nated so rghum/c hickpea (U SC) and ge rm inated so rghum/chickpea (GSC) of non­

fermented sample were 7.292. 2.626, 3.046 and 2.442g / 1 OOg, respect ively. The mean 

fi ber content for 48 hours fermented samples were 2.455, 2.55 1.2.74 1 and 2.47 1 for non­

germinated so rghum (FUS), germinated sorghum (FGS), unge rminated 

sorghum/chickpea (UFSC) and germinated sorghum /chickpea (GFSC), re spect ive ly. The 

mean crude fiber content of unge rm inated so rghum was significantl y ( f> <0. 05) higher 

than ge rminated so rghu m. Also the mean crude tiber content of USC was significantly 

(P<0.05) higher than the GSC blend. On the other hand. the mea n crude fiber content of 

FUS was higher but not signili cantl y (P>O.OS) different from FGS , thi s was al so the same 

for fermented sample of both UFSC and GFSC blend. 

Accordi ng to this study, ge rmination had significantl y (P <0 .05) decreased the crude fiber 

content of the samples. Dicko et al. (2006) suggested that germination ma y increase 

acti vity of p-amylase enzyme wh ich hydrolyzes ce ll wa ll of ca rbohydrates du ring 

ge rmination. The increase in the acti vity of p-glucanase enzyme ca n reduce the fiber 

content of sorghum . It is reported that dur in g the Ilrst stage of barley seed ge rm ination 

process. 13-glucanase enzymes degrades the endosperm ce ll wa ll s and a-amylase degrades 

starch. Present results in the crude fiber are in agreement with works of Narsih et al. 

(2012) on the study of germination and soaki ng tim e to improve nutritiona l quali ty of 

sorghum seed. 

4.4.5. Total ash content 

Ash content in a food item shows inorganic residues after the organic substance has been 

burnt away and it gives clue of the total mineral content of a food. The studied so rghum 

and sorghum/chickpea blend did not sign ificantl y va ry (P>O.OS) in the ir total ash content 

during both germination and fe rmentat ion (Table 4.1). The mean total as h content ranged 

from 1.6 to 1.8% for unfermented samples o r both ungerminated and germinated 

samples. and 1.6 to 2.00mg/ 100g for unge rminated/ fermented and ge rminated/fermented 

Sa tilp les. The present finding is in agreement with the work of (Ramai te. 2004) on the 
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· study or effect of process ing (sprout ing and ferm entati on) or five loca l va ri et ie , or 

so rghum on some biochemical parameters. Whi le. Mubarak (2005) reported that 

germination and cooking processes caused sign ificant dec reases in ash content. Alemu 

(2009) observed that sorghum ash was sign ificantly decreased after fermentation. 

4.4.6. Uti lizable carbohydrate content 

The mean utili zab le ca rbohydrate content of germinated sorghum (82. 105) had 

significantl y higher va lue than germinated/fermented sorghum/chickpea blend (GFSC) 

(76.746mgl I00g) significantly lower (P<0.05) va lue. A signi ficant decreased (p<0.05 ) in 

ca rbohydrate leve ls of the samples was observed with ge rminati on and fe rmentati on . This 

find ing was in agreement with the resu lts of Egoun lety (2002) wh ich ranged li'om 71.11-

8J.39g/ 100g for nutriti ve va lue or high-protein-energy legume lo rtil ied Ilours. The 

decrease mi ght be due to increase in alpha-amylase act ivity. The alpha-amylase breaks 

down complex carbohydrates to simpler and more absorbable sugars which are utili zed 

by the growing seedlings during the ea rl y stages of germination. 
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Ta ble 4.1 Effect of germination and fe rm enta ti on on proximate Ana lysis of raw, germi nated and fermented 

so rghum/chickpea blend (g/lOOg) 

Sample I Moisture Energy 

code content Crude Protein Crude Fat Crude fiber Total ash CHO% (Kcal/ I ~Og) 

US S.800±0.707 i I I A62±O.284 i 3.50±0.14 Ica 7.292±0.507 • 1.600±0.000 b 77.746±O.O 16 d 388.332±Ll90"" 
GS 7.900±O.282 ' 12.524±0.371 e 3.7S±O.284' 2.626±0046 be 1.690±O.282 ·b 82. 1 OO±O.595 · 403.246±O.890 ' 
USC 6.800±0.000 e 13.SS2±0.000 c 4.50±0.353'b 3.046±0.110 b J.660±0.141 cd 78 .902±0.130 cd 4 1 O.3 16±O.523 ab 

GSC 7.200±O.1 4 1 b 14.912±O. 124 b 4.125±0. 14I 'be 2A43±O.OOO c 1.800±O.282 ·b 78.520±O.1 96 cd 4 1 O.8S3±OA73 abe 

FUS SAOO±O.OOO g 12.745±O.120 e 3.75±0.37S c 2.SSI±O.239 c 2.000±O.OOO a 80.964±O.26I 408 .586±O.562 c 
FGS 7. IOO±O. 14 1 c 13. 135±O.063 d 3.2S±0.353 cd 2AS5±0092 c J.600±O.OOO c 80.06S±O.234 b 402 .0S0±2.723 d 

UFSC 6.856±O.14 1 J 14.725±O.247 b 5.00±O.OOO ' 2.741 ±O.003 be 1.6S0±O.282 c 77.534±O.171 J 4 14.036± I. 182 ab 

GFSC 6.900±O.14 1 d IS. 787±O.124 · 5.00±O.OOO ' 2A7 1±O.OO7 c 1.550±O.282 c 76.742±O.035 d 4 IS.1 16±1.l31 ' 

Reported values are the mean ±SE (n=2). Means with diffe rent supersc ripts in the same column are sign ifica nt ly d ifferent 

(P<O.05). 

US: - ungerminated sorghum fl our 
GS : - germ inated sorghum flou r 
USC:-ungerminated sorghu m/Chickpea flou r 
GSC: - ge rm inated sorghum/chickpea flour 
FUS : - fe rmented/ungermi nated sorghu m tl our 
FGS: - fe rmented/germi nated sorghum fl our 
UFSC: - ungerm inated/fe rmented sorghu m/chickpea tlo ur 
GFSC:-ge rminated/ fermented sorghum/chickpea tl 
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4.4.7. Gross energy 

The mean gross energy content of germinated/fermented so rghum/chickpea blend 

(GFSC) (4I S. 116lccall I ~Og) was signifi cant ly higher when compared to ungerminated 

so rghum (3 88. 332kcalll ~Og) which had signifi cant ly lower (P<O.OS) va lue. The energy 

va lue of ge rminated/fermented so rghum/c hickpea (GFSC) blended sa mple (4 15. 11 6 

kca lll OOg) was significantl y (P<O.OS) hi gher than un ge rminated sorghum/ chickpea 

(41 0.3 16Kcal/ 1 OOg) and ge rmi nated so rghum/chickpea (408.S86KcaIl IOOg). So 

combined process ing of germination and fe rmentation signifi cantl y (P<O.05) increased 

the energy conte nt of so rghum/c hickpea blend . The va lue is agreed wi th the findin g of 

(Oyetoro A. , 20 12) in hi s work of prod uction and quali ty eva luation of complemen tary 

food fo rmulated from fe rmented sorghum, wa lnut and ginger wo rk . 

Germinated/fermented sorghum/chickpea (G FSC) had gross energy of 415. 11 6 

Kcall iOOg (Table 4.1) and with appropriate viscosity of2S% dry matter (DM) content in 

prepared porridge for yo ung children (Table 4.S). Ungerminated/un fe rme nted ' 

sorghum/chickpea (USC) had gross energy of 4 10.3 16 Kca l/ I OOg (Table 45) and with 

vi scosity of 17% DM content (Tab le 4.8). Tak ing into account the grnss energ\ anci 

viscosity of porridges fo r Germinated/fe rmented sorghum/chickpea (GFSC) and 

ungerm inated/unfe rmented sorghum/chickpea (USC), the energy de nsity (ED) of these 

samples using convers ion factor will be 25/ 1 00*4IS.1 16kcalll OOg~ I 03.779kcalll OOg for 

GFSC and 1711 00*4 10.3 16 kcal/ 100g~69 . 7S3 kcall lOOg fo r USc. res pect ive ly. It can 

be concluded from th is study that the processes that include combined fe rme ntation and 

germination in the case of sorghum /chickpea blend were close to or higher than the 

min imum energy value of 84 kca lll OOg recommended energy density of complementary 

foods at a rate of 2-4 mea ls/day added to ave rage breast milk in take (Dewey & Brown. 

2003). 
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4.5. Mincral Analysis of germinated and fermented sorghum/chickpea 

blcnd 

Because of the rap id rate of growth and development in infants and young children , 

mineral nu trien t has become very essential. For instance. ca lcifi ca ti on of bone is needed 

in ea rl y infancy to support the we ight of the body by the time the baby walks. Also the 

avai labi lity and utili zation of ca lcium in the postnata l pe ri od is a crucial factor in 

adequate tooth formation. Iron is needed espec ially in the first year of li fe to prevent iron­

deficiency anemia. Zinc is critica l during the deve lopmenta l period because of its ro le in 

normal brain deve lopment and immune sys tem. 

4.5.1. Calcium content 

Germ ination and fermentat ion were obse rved to improve the calcium contents of the 

samples (Table 4.2). In combined form of germ inated/fermented sorghum (GFS) and 

fermented sorghum (FUS), the highest significant (P<0.05) calc ium level s of 76.155 and 

75.855 mg/ I OOg we re recorded and in un ge rminated/unfermented sorghum/chickpea 

(USC) blend the lowest 5 1.495m l/ I OOg significantly va lue was recorded. Germ ination 

alone had also significant (P<0.05) effect on the improvement of ca lcium content of 

so rghu m, but the increase was not signifi can t (P>0.05) when germinated so rghum was 

blend with chickpea. This va lue is in agreement with the va lue of (In ya ng and Zakari. 

2008) in the stud y of the effect of germi nation and ferme ntation or Pearimillel. 

The mean calcium content of germinated/fermented so rghum/ch ickpea (GFSC) IS 

57.767mg/lOOg (Table 4.2). According to FAO/WHO, (1988) the estimated need or 

ca lcium for young children from complementary food is 353 mg of calcium /day. Gastri c 

capac ity of young children ( 12-24 months) is 345 ml/meal. If a child feed 345 ml of 

form ulated complementary porridge prepared from GFSC; according to FAO/WHO this 

chi ldren gate only about 50% of the needed ca lcium level from formu lated 

complementary foods. So. ca lcium from other source (animal source) should be 

incorporated or supplemented with thi s formulated porridges. 
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4.5.2. Phosphorus 

During germination and fermentation the mean total phosphorus contents of 

un germinated sorgh um (22.32mgl IOOg) was sign i II,antl) (1) <0.05) lower and 

germ inated/ferm ented sorghum/ chcickpea (G FSC) had sign ifi cantl y (P<0.05) higher 

(38.87mgl I00g). The mean phosphorus content of all study samples were significantly 

(1)<0.05) increased during germinat ion, fermentation and combined 

ge rmination/fermentat ion processes. This result is in agreement wi th Ijarotimi (20 12) in 

the study of mineral and nutritional quali ty of raw, germinated and fermented african 

locust bean (p3l'kia biglobosa) flour. 

TableA.2 . Mineral com positio n (mg/100g) of the sorghum/ch ickpea blend 

Sample Code Iron Calcium Zinc Phosphorus 

US 5.527 ±0.226" 65.455±0.446 ' 2.323±004 5 ' 22.321.0.24 5' 

GS 4.870±O.043b 67.694±0.4 1 I b 2.507±O.10'" 25.34±0.098" 

USC 5 .289±0. 195" 51.495±0. 134 r 2.676±0.026'" 26. 11 ±0. 168" 

GSe 4.60 I ±O. I 03be 53 .534±0.333 " 2.608±0. 1 I I "I 28.78±0.208' 

FUS 5.469±0.228' 75.855±0.737 " 2.822±0. 185°C 33.84±0.325 n 

FGS 4.393±0.0 18e 76. I 55±0.4 12 a 2.975±0.000'b 38.33±O.028" 

FUSe 3.727±0.289d 53.869±0.809 c 3.059 ±0.O67" 34.85±0. 141 b 

GFSe 4.285±0.024c 57.767±0.897 d 3. 171 ±0.007" 38.87±0.28 1 a 

Reported values are the mean ± (SE) (n=2). Means with different superscripts in the same colum l1 

are significant ly different (P<O.05). Sample codes are as stated Table 4.1 

4.5.3. Iron content 

Iron is needed especial ly in the fi rst yea r of lire to prewnt irun-dell,icnc) anemia . I'he 

iron level in the present study was significant ly (P<0.05) decreased in the combined 

ge rminated/fermented process with the decreased va lue rangeci from 5.527 to 

4.393mg/ 100g, for so rghum and 5.289 to 4.285mg/ 100g for sorghum/chickpea blend, 

respective ly. Germi nat ion of sorghum (GS) and so rghum/chickpea (GSC) blend had also 

decreased signifi cantly (P<0.05) compared with un-germinated sorghum (US) and 

so rghum/chi ckpea blend (USC) with the result ranged from 5.527-4.87 and 5.289-4.60 I, 
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respective ly. These res ults are in contrast to the study of sprouted hungry ri ce (N nam. 

2000). This is may be due to the difference in the sample. On the other hand fermentation 

had also dec reased iron content of so rghum/chickpea blend. but the decrease was nOI 

statisti ca ll y significant (P>O.OS). The reducti on of total mineral s in some of the samples 

after fe rmentation may be attributed due to the microbes utili zed some of the hydrolyzed 

mineral elements fo r their metabolic aCl iviti es and los l Ihruligh decan talion and lur Ihe 

mineral s could ha ve been lost in the fe rmentati on medium and decant of fermenlati on 

water during the drying process ( In yang and Zaka ri . 2008). 

Estimated need from complementary food for iron is ( 10.8 mg/d) for intermediate (10%) 

bioavailabi lity: 20.8mg Fe/d when bioava il ability is low (S%) and 6.8 mg h /d when high 

(15%) bioavailability based on the basa l req ui rement est imate and (FAO/WHO. 1988). 

Assum ing intermediate bioava il abil ity, the iron content of porridge prepared from GFSC 

(4.28Smgll OOg) and gastri c capacity for 12-23 months child ren (34Sm l/mea l) dail y iron 

content of GFSC could be = 4.28S mg/ 100g • 34S ml/mea l * 2serving • 27% DM = 

8mg/da y. Thi s shows that GFSC meets 74.07% of da ily RNI (I O. Smg/day) iron as 

complementa ry food for breast feed child aged 12-23months. So. it should be 

recommended to fort ify thi s product for enric hment of iron to sati sfy the RNI pe r day of 

iron from comp lementary food . 

4.5.4. Zinc content 

The mean zinc content of US, GS, USC and GSC were 2.323. 2.507, 2.676 and 

2.60Smgll OOg for unfermented and 2.S22, 2.97S, 3.0S9 and 3.171mgl 100g fo r FUS. 

FGS, UFSC and GFSC fermented sam ples, respective ly. The value for 

geminated/fermented sorghum/chickpea blend we re significantl y (P<O.OS) hi ghes t with 

except ion of UFSC which was not signi fica ntl y (P>O.OS) different. Zinc content was 

signi fican tl y affec ted (P<O.OS) by ge rmination and fermentation. hut nut signilica nlh 

affec ted (P>O.OS) by combined form of germination/fe rmentat ion. fhe tind ing is similar 

to Abdel-Rahaman el ai. (2008) except in the case of iron . in which they obse rved an 

increase in both total and avai lab le amou nts of ca lci um , iron. zinc and phosphorous after 

14 hr of pea rl millet lacti c ac id fe rmentation. Zinc is criti cal during the del' elopmental 
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period because of its ro le in normal brain deve lopment and immune system. According to 

the WHO/FAO (1988) recommended nutri tiona l intake (RN I) of zinc from 

comp lementary food is 2.66 mg/d ass uming moderate bioava il abi lity of zinc. If we take 

zinc con tent of GFSC (3. 17I mgl I00g), da il y z inc content from porr idge prepared from 

GFSC wo uld be 6mglday (> I 00%) of RNI of zinc for yo ung child ren. 

4.6. Antinutritional factors of germinated and fermented 

sorghum/chickpea blend 

4.6.1. Phytate and phytate mineral molar ratio 

The mea n va lues for phytate content among sorghum and sorghum/chickpea blend with 

different process ing methods indicated stat isti ca ll y signitican t va riations. The va lues 

ranged from 127.434 to 52.0 19m9l l OOg in unfermented samples and 48.233 to 

20.096mg/l ~Og in fe rmented and combined form of ge rminated/fermented samples. 

Germinati on of sorghum for 22hrs significant ly (P<0.05) decreased the va lue of phytate 

from 127 .434 to 88 .540mgl 100g but, signifi cant change was not observed in germinated 

sorghum/chickpea blend compared with un-germinated so rghum/ch ickpea blend. 

Fermentation of germ ina ted so rghu m had further s igni fica nt Iy (P<O.05) decreased phytate 

contents to the leve l from 88.54 to 40.840mg/ I OOg (i.e. I'rom 49% IlJ I 10% ,kc rement) vI' 

the phytate in the samp les. Combination of ge rmination and fe rmentat ion also had 

significant effect on the mean phytate contents over fermentatio n. wi th va lue ranging 

from 4~ .23 3 to 40.840mg/l OOg and from 26.206 to 20.097mg/l OOg of UFSC and GFSC 

samp les, respectively. The same reports on phytic acid reduction due to ge rmination 

and/or fe rmentation of cerea ls have been documented (Nkama and Gbenyi. 200 I; Sutardi 

and Buckle , 1985). Enzymatic hydrolys is of phytic acid by endogenous phytase of 

sorghum and/or by phytase which was produced by the microorganism. may acco unt fo r 

most of the reduction of phyti c ac ids du ring fermentation. The low pH of fermented 

product and temperature of fermentat ion may also prov ide favorable conditions for 

phytase activ ity (Abdel Rahman and Osman, 20 I I). 

59 



The mean va lue of phytate: iron molar ratio in the present stud ) "as 1.951. 1.5., g. ().8~6 

and 0.956 for un fe rmented samples of US. GS. USC and GSc. and 0.746. 0.n6. 0.595 

and 0.3 97 for fermented samples of PUS, FGS, UFSC and GFSC, respec ti ve ly (Tab le 

4.3). In the present study all the study sampl es had higher val ue than the reported 

phytate: iron criti ca l molar ratio (0. 15), indicating that absorption of iron was adve rse ly 

affected by phytate in both germinated ( 1.538) and ungerminated sorghum ( 1.95 1). But in 

al l other cases the results were fo und to be lower than the reported crit ica l molar rat io of 

phytate : iron, indicati ng that absorpt ion of iron was not adverse ly affected by phytate in 

fermentation and combined form of germination and fe rmentation . However. all other 

ca lculated mo lar ratios in thi s study such as; Phytate: ca lc ium (>0.24). phytate: zinc (> 15) 

and [phytate x ca lcium]: z inc (>0.5) molar rati os for all ra w. ge rminated and fe rmented 

conditions were found to be less Cfab le 4.3) than their reported criti ca l value,, : thi s 

ind icates that absorption of iron and z inc were not in hi bited by phylate and as a result 

these mine rals in all samples are bioavai lab le. Diets wi th a phytate: zinc molar ratio 

greater than 15 ha ve re lati ve ly low zinc bioava il abili ty, those with phytate: z inc molar 

ratio between 5 and 15 have medium zinc bioavailab ili ty and those with a phytate-zinc 

molar ratio less than 5 ha ve relat ive ly good zinc bioavai lability (Walingo, 2009). 

4.6.2. Phytate phosphorus and nonphytate phosphorus analys is 

During germination and fermentat ion nonph ytate Phosphorus significantly (P<0.05) 

increased from 3.03 for raw (control) sample to 33. 20 mg/ IOOg fo r GFSC. Phytate 

phosphorus was significant ly (P<0.05) higher in nongcrminated/fermcnted sam ples 

compared with germinated/ferm ented sam ples. In the present stud y com bined process ing 

of germinat ion/fermentation increased the non phytate phosphorus with corresponding 

decrease in phytate phosphorus. The percentage of phytate P /total P was 42.90, 26.89 

and 17.05% fo r GFS. UFSC and GFSC samples, respecti ve ly. Hence, the lower the 
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Table 4.3 Anti-nutritional factors anal ys is (mg/IOOg) and phytate mineral molar ratios 

Samp le 

code 

US 

GS 

USC 

GSe 

FUS 

FGS 

FUSe 

GFSe 

Phytate Tannin Phy: Fe Phy: Ca Phy:Zn Phytate P Nonp hytate [PhyxCa 1 :Zn 

P 

127A3±1.104' 38A67±0.S04 ' 1.95 1 ±O.OO 1 ' 0.1141-0.041 ' SA35±0.095 ' 19.28±0.09' 3.03±0.02" 0.0040±0.00 I ' 

88.54± 1.270 32.S74±0.73Sd< 1.538±0.042 b 0.082±0.028 ' 3A98±0.520 b 19.03±0.24' 6.30±OA7' 0.0031±0.091 b 

52 .91 ± 1.170' 38.354±0.735' . 0.846±0.090' O.062±0.041 a 1.958±0.622 ' 14.9 1 ±O.OOb 11I9±0.0 I" 0.0025±0.00 I b 

52.02±0.952' 36. 128±0.586b 
0.956±0.061 d 0.059±0.081 a 1.976±0.24I ' 14.65±0. 14b 14.12±0.14" 0.0023 ±0.009 b 

48 .23±0.00 I d 33.380±0.844,d< 0.746±0.301 f 0.038±0.029 ' 1.693±0.361 d 13.59±O.28' 20.24±O.28' 0.00 16±0.1 09 ' 

40.84±0.810< 3 1.857±0.827< 0.786±0.141 e O.032±0.028 ' 1.360±0.684 e I 1.50±0.19d 26.82±0.20bc 0.00 I 5±0.09 I e 

26.21 ±0297' 34.694±0. 10 I be 0.595±0.283 g 0.027±0.021 ' 0.848±0.814 f 7.385±OASd 27A6±OA9ba 0.00 12±0.028 ' 

20. 1 O±O. 19S9 34. 197±0.121 cd 0.397±0.0 14 h 0.022±0.OO 1 a 0.627±OA58 g 5.66±O AOd 33.20±O.38j 0.00 I 0±0.028 ' 

Reported values are the mean ± (SE) (n=2) . Means with different superscripts in the same co lumn are significantly 
different (P <O.OS). Samp le codes are as stated in Table 4.5. 
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phytate phosphorus. the more bioavai lab le was phosphorus in the ge rminated/fermen ted 

samp les. Generall y. diets wi th phosphorus as phytate (%) <60 % are regarded as being 

adequate in bioavailable phosphate (Melaku el a/. , 2005). Thus, the hydrolyt ic reduction 

of phyti c acid during fermentat ion may have contributed the bioavai labi li ty of 

phosphorus. In raw (controlled) sample there were phytate which lay on the total 

phosphorus (>60%). thi s showed poor bioava ilabil ity of phosphorus of both so rghum and 

chi ckpea in the ir raw state. The reduction in phytat" phosphoru; du ring i'ermen tation ma\ 

be due to the phytate hydrolys is by phytase elaborated by fe rmenting micronora 

. (Sandberg and Andlid , 2002; Hurrel l el ,,/ .. 2003). Cleavage of phosphorus from phyti c 

acid may exp lain the improved avai labi lity of phosphorus in ge rminated/fermented 

sorghum/chickpea blends. 

4.6.3. Ta nnins 

The mean values for tann in content of US, GS, USC and GSC were 38.467. 32.574, 

38.354 and 36. 128mgll OOg. and 33.38. 31.857. 34.694 and 34. I 97mgll OOg for FUS. 

FGS. FUSC and GFSC. respecti ve ly. These va lues show that germination and 

fe rmentation signifi cantl y (P<0.05) dec reased the tan nin conte nt s or so rghum and 

sorghum/chickpea blends. Germinated so rghum wit h the mean content o r tannin 

32.574mgll OOg we re significantly decreased to va lue of 38.467mgll DOg of unge rminated 

one. Also fe rmented sorghum (FUS) and combined fo rm of germ inated/fermented 

so rghum (FGS) ex ihbited significantl y (1'<0.05) lower tannin value of ra w and onl y 

germinated so rghum (Table 4.3) In a similar manner blend ing of sorghum and chickpea 

dur ing ge rmination and fermentation showed signifi ca nt (P<0.05) decrease of the mean 

tannin content. These results agree with the study of Abdel Haleem et al (2008), who 

repol1ed that natu ral fermentation of high tannin culti var (Karamaka) and low tannin 

culti var (Mugud ) decreased their tannin content by 68.0% and 74.5%, respecti ve ly. The 

reduction in tannins can be attributed to the microbia l degradation of pol yphenoli c 

compounds during fermentation or due to less ex tractable tannin-protein comple" 

(Emmambux and Taylor, 2003). The observed reduction in tan nin content afte r 

ge rmination was a resul t of fo rmation of hydrophobic assoc iation of tann ins with seed 

prote ins and enzymes. In add it ion. loss of tannins during germination also may be due to 
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the leaching of tannins into the water (Sh imel is and Raks hi t. 2007) and bindi ng of 

polypheno ls with other organic substances such as ca rbohydrate or protein (Saharan et al. 

2002). In add ition during soaking period of germination, the enzyme polyp henol oxidase 

may be act ivated, resulting in degradation and consequent losses of polyp henols (Saxena 

et aI., 2003; Khandelwal et aI. , 20 I 0). 

4.7. Viscosity of porridges 

At a low flour content (5- ISg dry matter/ IOO ml). the grue l has a free-flowing 

consistency and is easy to swa ll ow but it s energy density (20--40 kcalllOO g) is 10IYer 

than the minimum va lue of 84 kcalll 00 g of gruel recommended ror children aged \i- n 

months fed at a rate of 2 meals/day in addition to average breast mi lk intake (Dewey & 

Brown. 2003). so that to obta in spoon ab le (I 000-3000cP viscos) porridge for young 

ch il dren. 17% and 25% dry matter (OM) was se lected for prepa rati on of porridge. The 

resu lt for 17% OM concentration showed that, 3438, 808, 3 120 and 1605cl' for US, GS, 

USC and GSC of unfermented samples, and 3335, 792, 1958 and 973cl' for FUS, FGS, 

FUSC and GFSC of fermented samples, respecti vely (Table.4). The viscos ity for 25% 

OM concentration ranged from 6476cP maximum to I 025cP minimum for FUS and FGS, 

respectively. These result showed that germination had high viscos ity red ucing effect 

compared with both fermented and raw samples. The combined form of germinati on and 

fe rmentati on showed additional viscosity reducing effect compared with germ ination. 

This study result s agreed with Firibu (2012) a drasti c reduc ti on in peak viscos ity ,,·as 

observed as malt concentrations increased. This was probably due to increased starch 

hydrolys is by the inc reased enzyme (Cl-amylase) concentration (Fi ribu. 2012). 
-, 

The recommended viscosity of complementary food is in the range of 1-3 p.a.s (1000-

3000cl'). The viscos ity read ing range are cal led drinkab le if> IOOOcP. spoonab le if 1000-

3000c l' and thi ck if >3000cl', respecti ve ly (Mouquet and Treche. 200 1). In the present 

study porridges had an app ropriate consistency with the OM content of 25% for the 

samples, GS (1436cP), GSC (2445Cp), FGS (1225cP) and GFSC (1986cP) to the yo ung 

children of 12-23 months age group. 
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Table 4.4 Viscometer read ing of ra w. ge rmina ted and fe rmented sorghum/chickpea 
prepared porridges 

Sample code 

US 
GS 
USC 
GSC 

FUS 
FGS 
UFSC 
GFSC 

Viscometer reading at 17% 
DM (cP) at 45 °c 

3438 
808 
3120 
1605 
3335 
792 
1958 
973 

Sampl e codes are as stated in Table 4.1 

V iscometer reading at 
25% DM (cP) at 45 (. c 

6489 
1436 
5122 
2445 
6476 
1025 
4608 
1986 

4.8. Bull{ density of raw, germinated and fermented sorghum/chickpea 

flour 

The bulk density was not sign ificantly different in ungerminated sorghum (0.904g/ml). 

ge rminated sorghu m (0.9 12g/m I), un ge rm inated sorghum/c hickpea blend (0 .9 I Og/m I) and 

ge rminated sorgh um/chi ckpea (0.888g1m l) fl our (Table 4.S). These resu lts show that 

ge rmination had no effect on bulk density of the study samples. Fermentation was 

significant ly (P<O.OS) decreased the bulk density with the resul t ranging from 0.904 g/ml 

for (US) to O.72Sg/m l fo r (FUS) and 0.9 1 Oglml (USC) to 0.678g/ml (UFSC). Combined 

effect of germinati on and fermentat ion had addit iona l bulk density reducing effec t from 

0.9 10g/ml (USC) to 0.639g/ml (GFSC). 

The bulk densit y is a refl ection of the load the fl our sample's can carry. if allolVed to re Sl 

direc tl y on one another. The densi ty of processed products dic tate the characteristics of 

its container or package product density infl uences the amount and strength or packaging 

material. texture or mouth feel (W ilhelm . 2004) . Values obtained from thi s stud y were 

comparab le with the va lues reported by Okaka and Potter ( 1979). The decrease in bu lk 

density of fermented would be an adva ntage in the prepa rat ion of infant foods. 

Fermentation has been reported as a useful and traditional method for the preparation of 

low bulk weaning foods (Des ikachar, 1980). 
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Table 4.5 Bulk Density of raw, germinated and fermented so rghum/chickpea nou r 

Sample Code Bulk Density (g/ml ) 

US 0.904±0.003" 
GS 0.9 12±0.OOO" 
USC 0.9 I O±O. 002" 
GSC 0.88 8±0. 002" 
FU S O. 72 8±0.00 I n 

FGS 0.658±0.0 14'" 
UFSC O.678±0.009' 
GFSC 0.639±0.00 I" 

Reported va lues are the mean ± (SE) (n- 2). Means with different superscri pts in the same 

co lumn are signifi cantly di fferent (P<0.05). Sample codes are as stated in Table 4. 1 

4.9. Sensory analysis of the sorghum/chickpea porridges 

The sensory attributes of porridges made from sorghum/chickpea blends using different 

processing methods including germination, fermcntati on and combined fo rms of 

ge rminat ion/fermentat ion we re in vesti gated using lJ-po int hedonic sca le at Addi s Ababa 

University; Center fo r Food Science and Nut riti on by semi-trained paneli sts ur lirst )ear 

M .Sc. program students of Food Science and Nutrition stream and the mean sco res of 

eva luated sensory attributes we re presented in Ta ble 4.6. 

4.9.1. Taste 

Taste is an important parameter when eva luating sensory attribute of food. The product 

might be appea ling and having high energy density but wi thout good taste, such a product 

is likel y to be unacceptable. The observed mean score of taste in experimenta l porridges 

ranged from 3.25- 7.80 (Table 4.6) . No n-germinated/fe rmented so rghu m/chickpea 

(UFSC) blend had the highest mean score in taste (7.80) and had signifi can t difference 

(p<0.05) with US (3.25 ). USC (3.40) and GSC (4.00) non-fermen ted porridges but not 

significant (P>0.05) from GFSC (6.80) . According to out ( 1994) li sted in Rama ite 

(2004) fermentation plays a signiticalll ro le in enrichment of the human dietary through 

deve lopment of a wide di versity ofn avo rs, aromas and tex tu res in food. With exception 

of unfermented porridges, both fer men ted/non-germinated so rghum/chi ckpea blend and 
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germinated sorghum/chickpea blend scored >6.0 indicating that most of the porridges 

prepared on average li keable by most of the paneli sts (Tab le). 

4.9.2. Co lor 

The visual appea rance of any food is the first organolept ic sense of a consumer 

ex perience. If supp lemented food product has any change in appea rance, consumers wi ll 

more likely rejec t the product due to familiar iza ti on of the normal product (O la o),e el 0/., 

2006). Regarding co lor of the porridges. most of the sam pks were sim ilar in appearance 

while onl y one US (3.75) signiti cantl y (P<O.O S) decreased (Table 4.6). Although . the 

mean co lor score results of most of the samples showed non-significant difference. onl y 

two of them UFSC and GFSC we re in acceptable range (above 5.75) b)' paneli sts. 

Ta ble 4.6 Sensory characteri sti cs of po rridges 

Over all 

Code Taste Co lor Aroma Texture acceptability 

US 3.25±0.957' 3.75±0.957b 3.24±0.816' 3.00±0.820 3.00±0.816d 

USC 3.40±1.140' 5 AO±0.54 7' 4.20±0.836' 4AO±0.890' 4.50±OA47' 

GSC 4.00±0. ?lObe 5.60±2.073' 6.24±1.000b 6.80±0.836b 5.80±0836b 

UFSC 7.800±1.30· 6.00±0.707· 7.00±1.581· 7.60±1.140· b 6.90±0.836ob 

GFSC 6.80±1.303· 6.20±O.836' 6.60±1.140· 8.20±0.836' 7.20±0.836· 

Reported values are the mean ± (SE) (n- 22). Means with different superscripts in the 

same col umn are signifi cantl y different (P<O.OS). Samp le codes are as stated in Table 4.1 

4.9.3. Aroma 

Smell is an in tegra l part of taste and general acceptance of the food before it is put in the 

mouth. It is therefore an important parameter when testing acceptab ili ty of fo rmu lated 

foods. The mean score of aroma of porridges ranged from 3.24-7 .00 (Table 4.6). UFSC 

had sign ificantly (P<O.OS) higher mean score in aroma (7.58) while US scored the least 

mean aroma (3.24). Amo ng the non-fermented sampk; onl \ GSC (6.24) had >cored 

above 6 (li ke s li gh tly) suggesting that they are acceptabk range by consumers. 
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Ferm enled porridges of bOlh non-germin aled so rghllm h: h il:kp~Cl and gl'fminakd 

so rghum/chickpea scored above 6 which we re 7.00 ane! 6.60. respecti ve ly. Thus. 

combined form of germination and fe rmentation hae! signi fican t (P<0.05) effect on the 

aroma of so rghum/c hickpea blend . 

4.9.4. Texture 

The resu lts revealed that no significant differences (P > 0.05) were observed by paneli st 

between UFSC and GFSC in terms of texture and both were highly liked by paneli sts as 

indicated by higher scores of 7.00. Except GSC among the non-fermented samples. all 

others were signi ficantl y (P<0.05) dec reased in their mean tex ture score of fermented and 

comb ined germinated/fermented samp les. The mean sco re of tex ture for the non­

fe rmented samples. US and USC had the ave rage score below « 6) ind icat ing that based 

on thi s test parameter these samples we re not li ked by the paneli sts. 

4.9.5. Over all acceptability 

Generall y, among the processed porridge products of the sorghum/ch ickpea, 

ungerminted/fenllented sorghum/chickpea blend (UFSC) and comb ined form of 

germinated/ferm ented so rghum/chickpea (GFSC) were highl y acceptab le by panelists 

with mean scores (6.9 and 7.2), respective ly. Their acceptabi lity levels we re significantly 

higher ( I' < 0.05) than all of the rest samples. The products of US, USC and GSC we re 

significantly dis li ked by panel ist as compared to the rest of samples. and they scored 

be low the ave ra ge « 6). 
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Cha pter Five 

5. Conclusions and Recommendations 

5.1. Conclusions 

This study attempted to in vestigate the effect 61' ge rm inat ion and fermentation on low 

tannin sorghum/chickpea blend to prepare hyg ienic, senso ri al acceptab le and energy 

dense comp lementary food. It has covered in ves ti gation regarding pH, Titratable ac idi ty, 

micronora, nutritional compos ition, antinutritional fa cto rs, viscos ity and bulk density 

analys is of complementary food s produced from sorghum/chickpea blend. 

The result showed that fe rmentation for 48hrs signifi cantly reduced the total bacterial 

count to <410gcfu/ml and pH to the level <4.5 which inhibits the growth of food born 

microorganisms to the level acceptab le to preparation of comp lementary food. Lacti c acid 

bacteria (LAB) production was significantly increased with l'ermentation time b\ 

dominating the production of other microorga nisms. 

Fermenta tion increased crude protein . crude fat and tota l energy. whereas decreased 

crude fiber and moisture, but comparable result in total ash and crude fat. Enriching 

so rghu m with chickpea increased the crude protein , crude fat and total energy contents of 

thi s so rghum/c hickpea based complementary food s. 

Combined effect of germinated and fermented sorghum/chickpea (G FSC) has 

signifi cantl y higher va lues of crude protein , crude fat and total energy: but comparable 

va lue of total ash. Decreased moisture and crude I~be r content gives additional 

adva ntages for porridge prepared 11'0111 GFS, blended sample. Ge rmination and 

fe rmentat ion were also observed to improve calciu l11. zinc and phosphorus. whereas iron 

contents we re decreased or comparab le with row (contro l) sample. 

Th is work establi shed that germinat ion and t'ermentation increased the nutritional 

bioava ilability of the product by signi ficantly decreasing antinutritional facto rs (phyt ic 
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acid and tannins) . Moreover, the phytate content and phytate mineral molar ratios of 

samples we re al so signitlcant ly decreased than raw sample. Thus , ge rminati on and 

fermentation of sorghum/chickpea reduced phytate leve l, enhance mineral bioavai lability 

and improve nutritional compos ition of th e products. 

Combined effect of germinati on and fermc'ntation had signifi cant viscos ity red ucing 

effect on sorghum/chick pea mi xture. Fermentati on of' germinated S0 rghum /chic kpea 

bl end was s ignitl cantl y decreased the viscos it y of' the porridge from 5 122cP lo r 

un ge rminated/unfermented so rgh um/chickpea (USC) blended porridge to 1965Cp for 

ge rminated/fermented sorghum/chickpea (GFSC) blended porridge (dropped to 

acceptable limit of appropriate consistency IOOO-3000c r for yo ung child ren). Among the 

prepared porridges by germination and fermentation. ungerminted/ fe rmented 

sorghum/ch ickpea blend (U FSC) and combined process ing of ge rminated/ferm ented 

so rghum/chickpea (GFSC) was highl y accepted by panel ists. 

5,2, Recommendations 

r At the household leve t. germinat ion and fermenta ti on shou ld be practi ced. 

which Increases sensory accer tabilit)'. energ\' densit\ and nutritional 

composition by decreasing food born microorgani sms and antinu trtiona l 

factors of sorghum/ch ickpea blended complementary foods. 

» Because of limited access to nutrient-dense and anti-nutrit ionall y law 

complementary foods in Ethiopia. this traditionally formu lated procluct should 

be consumed wide ly to owrcome both acute and chronic mal -nutritional 

problem in Ethiopia. Stakeholders and government should encourage fo r 

further in vestigat ion of such a product. 

r Comprehensive anal ys is including amino acid. I(; t\ \ acid prtlfik". vitamin 

complexes and minera l fo rtifi catiuns arc requi red. 

69 



6. References 

AbdelHaleem , W. H., EI Tina y, A. I-I. . Mustafa. A. I.. & Babiker, E. E. (2008). Effect or 

fermen tation. malt-pretreatment and cook ing on anti nutritional factors and prote in 

digest ibi I ity of sorghum culti vars. Pokislan J Null'. 7. 35-3 .J I. 

Abdel, R. S. , Babiker, E.E. , & Tinay, A. H. (2005) . Effect of fermentation on An tinutri tio­

nal fac tors and Hcl ex tractability of mine rals of pear l millet culti vars. J ,1 Food 

Technology, 3:516-522. 

Abegaz, K" Beye ne. F .. Langsrud , T. & .J udith. A .. (2002) Indigenous process ing 

methods and ra w material s or borck. (Ill Ethiupian traditional fermented bevt:Ta gL'. 

The J01lrnal of Food Technolo,!{v in A(rim: Vol. 7. Apr-Jun, 2002 pp. 5Y-6.J. 

Adesokan I. A. , Fawole A.O. , Ekanola Y.A., Ockjayi D.O., & Olanipekun O.K . (20 I I). 

Nutritional and sensory propert ies of soybean forti ri eel composite ogi- A Nige ri an 

fermented cereal gruel. African Journal ofJ'vlicrobiology Research Vo/. 5(20), pp. 

31.J . .J. 

Adeyeye, E.I. . Arogundade , L. A., Akintayo. E.T.. Aisiela. O.A .. & Alao. P.A. (2000). 

Calcium, zinc and phytate interrelat ionships in some foods of major consumption 

in Nigeria. Foud Chemis!r),. 71 . .J35-.J.J I. 

Adllgna , A., & Tesso, T. (2006). Genotype of Environment Interacti on in Exo ti c 

Sorghum Hybrids In the L.owlands of Ethiopia. bilSlr~am, I 23.J56 -,W 

I 6821111S.11N .J 7 55 -57. 

Ah med, M.B. , Hamed, R.A. Ali. M.E .. Hassan. A. B .. & Babiker. E.E. (2006). Prox imate 

composit ion, antinutr iti onal factors and protei n frac tion ofguar gum seeds as 

influenced by process ing trea tment s. /'uk. J NUlI'. 5(5):4 ~ 1-484. 

Alemll , M.K . (2009) . Effect of at ural fe rmentation on Some anti nutritional fac tors, 

fine ral s, prox imate Compos ition and sensory charac teri stics in so rghum Based 

weani ng food. M.Sc. Thesis , Addis Aboba, Univ., Ethiopia, pp 83. 

Alka, A. , Nee lam, Y. , & Shruti , S. (2012). Effect of ferme ntation on phys icochemica l 

properties and in vitro starch ancl prote in digestibil ity of se lected cereals. 

in! journal u/Aricul!lIre omi Fuudscience. 2(3): 66-70. 

Allen. L. .H .. 8:: Ah lu wa lia. N. ( 1997). Improv ing iwn stalUS through diet: The "ppli c<l li on 

70 



of knowledge concernin g dietary iron hil':Ivaiiabilit)' in human population s: USA . 

Alozie. Y.E .. Iya m. M.A .. LawaI. 0 .. Udo li a. I ' . ,1/1 d .I\ni. 1.1 '. (2009). Ulili/"lion el l' 

Bambara ground fl our blends in bread production . .J. FuuLl Technul. -(-I): 1/1-11-1. 

Amankwah, E.A .. Barimah, J. , Ac heampong, R. Adda i L.O and Nnaji , e.0. (2009). 

Effect or Fermentati on and Malting on the' Vi scos ity of Ma ize-Soya bean Weaning 

Bl ends. Pakislon Journa / ajNulrilion 8 (10). 1671-1675. 

AOAC (2000). Association of Offi cial Anal yti ca l Chem ists. Offi cial Methods of 

Analys is. 17th ed ition. Washington. DC. 

Ba lole, T. V. & Legwa il a, G.M. , 2005. Sorghum bico lor (L.) Moench [Internet] Recorcl 

from Protabase. Jansen. P.C.M . & Cardon. D. (Ed itors). PR OTA (Plant Res(\urces 

of Tropica l Africa I Ressources vegetaks de l'Ati' ique tro pica le). Wage ni nge n, 

Netherlands. < http ://database. prota. l/ rt! lsearch .htm>. Accessed 29 September 

2005. 

Bau. H .. Vi ll aume. e.. N icolas. J .. & Mejean. I . ( 1997). Errec t of ge rm ination on Ivs ine 

inhibiter activity in lent il and pigeon pea . .J. Fuut! Sci. Tech. 23.26U-263 . 

Buzz le (20 13). Steps in Seed Germinat ion. Bu::/e.co ln" 2UOU-2UI2. 2U13. All rights 

reserved. 

Campbe ll -Pla lt. G. ( 1994). Fermented foods n- \\ orld perspect ive. Food Res. Inl. : 253 -

257. 

Chava n, J.K. , Kada m S.S. , & Sa lun kh e, D. K. ( 1986). Biotechno logy and techno logy 

ch ickpea (C ice r ar ieti num L.) seeeb. (' RC Criliw/ Reviews in F""d Science 

(lndN lIlril iun 25: IU7-158. Cheryan .M .. ( 1980) . Ph ytic ac id interacti ons in food 

syste ms, Cril. Rev . Food Sci. N u/r 13 _, tJ7 355 

CODEX ( 1991). The Guideli nes on Form ulat ed ')upplementary Foods for Older In ran ts 
Ih 

and Young Chi ldren adopted by COIlI ·. X Alime nrari us Comm iss ion at its 19 

sess ion 1991 . 

('SA (2 ()tJ 5). Report () n area and production MCt'(l p'. SllIlis/it' II /Uu/le/in 33/ Addi s 

Aba ba: Cen tral Stati st ic Autho rit ). 

Des ikacha r. H. S. R. ( 1980). Deve lopment or 1·1 ca ning food with hi gh ca lor ies density 

and low hot pas te viscos ity using tradit ional technolog ies. Food N llir. Bull. 2 

( 1980) 21-23. 

71 



Dewey, K.G. , & Adu-Afarwuah, S. (2008). Systematic rev iew of the effi cacy and Effecti­

veness of complementary feeding interventions in developing countri es. Progrom 

in Inlernolionol on" Communily NII/rilion. Universily of Coli/ornia. Davis. 

California. U!)'A :-1. pp. 7-1- 85. 

Dewey, K.G., & Brown, K.I-I. , (2003). Updatl' un I cc hni ca l Issues CUIKerning Cumple­

mentary Feedi ng of Young Children in Developing Countri es and Im pli cations for 

Intervention Programs. Food Nulr. Blill. . 2-1: 5-211. 

Diaz-Ruiz, G. , Guyot, J.P., Rui z-Teran , F .. Morlon-Guyo t. J .. & Wacher, C. (2003). 

Microbia I and phys iologica l characteriza tion of weak amylo lytic but fast growing 

lactic ac id bacteri a: a fun cti onal role in supporting microbial di ve rsity in pozol , a 

Mex ican maize sour dough. 

Dicko, M.H. (2005). Endogenous pheno li cs and starch modifying enzymes as 

determi nants of sorghum for food use in Burkina Faso. PhD Thes is: Wageningen 

Un iversi ty: The Netherlands. 

EDNS (2{){)5). Central Stati sti ca l Agenc y [Eth iopia] and ORC Macro 2006. Add is Ababa. 

Ethiop ia and Ca lve rton. Mary land . l ' '-; I\: ( 'en/ral Sio/ islical Agenl'" (lnd ORe 

Macro. 

EHNRI (20 I 0). Process ing. 3rcl Annual Conk r~n ce of Food and Nutrition Su~kty uf 

Ethiopia: Pp: 4. 

E.ieta, (J., Tadesse. T .. & Tesso. T. (2008). Comb ini ng ab ility of introduced so rghum 

parenta l lines l'o r ma.ior morpho-agronomic traits . .J ournal of SAT Agric ultural 

Research 6. 

Elkhahalifa, A.E.O., Schiffler, B., & Bernhardt , R. (2005). Effect of fermentat ion on the 

functional properti es of so rghum nour Food Chem. 1)2 (2 ()05) 1-5. 

Emmambux. M.N .. & Taylor. J. R. N. (2003). Sorghum kafirin interaction with va ri ous 

phenolic compounds. Journal or the Scicnce or Food and Agr iculture 83 (5):402-

407. Journal u/Fuud, . Igrintl/l 're & t .II, ·imnlJlen/ Vul .1) (3&-1): 163-166. l Ull 

Esmat, A. , Abou Amb, I. , Helm y, M. F., & Bareh. G. F. (2010). Nutrit ional eva luati on 

and functional properti es of chickpea, tC icer ari etinum L.) flo ur and the 

improvement of spaghetti prod uced from it. Journal afAmerican Science : 6(/{)). 

FAO/WHO ( 1988): Report or a Join t Food and Agri culture Organization/ Worl d Hea lth 

72 



Consultation. Requirement, of \itamin A. iron. fo late and vitamin B-12. FAO 

Food and Nutrition Series NO.n. Rome: rood and Agri culture Organizat ion of 

the United Nati ons. 

Firibu , K.S., Sarah, A. , Bernard, 0 ., Nu na , K.B . and Kwa ku T. (201 2). Development and 

Characterization of Low Viscos ity Porridge (Koko) Flour by Co-Fermenting with 

Mi ll et Malt. 1: 55 1 doi: IO.4172/sc ientilic repo rts.55 1. 

Ghavidel. R. A. & Davoodi. M. G. (20 1 I). l)rul"C>, ing and Assessment orQualit)' 

Characte ristic or COI11PU~IIL' Bdh~ hl\l ~I..,. /I ,rId )Jew/em,.!" ( ~r.)'l; iel7ce . I:'ngineerin,~ 

(Inc! Technu!ugl' 59. 

Gibson , R.S. Ferguson E. L. . & LehrJ'e ld . .I. (199X). Complementary foods for infant 

feed ing in developing coun trie s: th" ir nU lrient adeq uacy and improvement 

European. Journa! o/Clinical Nul!'iliun (IVY8) 52. 76-1±77U. 

Go lden. M. (2009) .N utrient requi reme nts of moderate ly malnou ri shed populations of 

children. Food Nutr Bull . 

Go ni , I. , & Va lent in , G.C. (2003). Chic kpea fl our ingredie nt slows glyce mic response to 

pasta in hea lth y vo lunteers. Fuud (,hemi,,'!' \'. Vul. X I (-I). 5!1-515. 

Graham, R.D., Humphries, .I.M . & Kit chen . .IL (2000). Nutritionall y en hanced cerea l. A 

sustai nable foundation rnr a balanc\.:'d diL't. .~hi(f Puc{jic.i Clin Nutr : <) :S91 - 5;Y6 

Gre iner. R .. & Konietzn). U. (::>tJllllj . 1'11\1",,· 1,,,. I""d app li ca ti on. /-(wd l echnul 

Biolechnul. -14 (2): 125- 1-111. 

Happiness, S. M .. Issa-Zacharia. A .. & I( ina bo I . .I . (20 I I ). Fo rmulati on and sensory 

eva luati on of complementarv I"ocb l'rum loca l. cheap and readil y ava ila ble 

ce rea ls and legumes in Iringa. ranza ni a. Africon JOllrna! 0/ Food Science Va!. 

5(1) , pp. 26 - 31. 

Hassan , E.E. , Babiker, A. H .. & Tinay. E.I. (2007). Content of an ti nutritional factors 

and HCI-Ex tractabilit y of minerals Ii-olll white bean (Phaseo lus vul ga ri s) 

culti vars: Influence of soak ing and 'm cuoking. Fuud Chell/.IUU: 362-36/i. 

Hounhouigan , D . Nou t, M .. Nago. C .. Houoen . .I.. &. ROlllbout s. F. ( 1993c). 

Microbio logica l change , in rna" c' dll ri n!! natural fe rmentati on. World J 

Microbia!. Biolechnul. I (I -II () -113 

Idri s. W.H .. Hassan. A.B .. Babi ker. E.F .. &. l in"l. \. H. (2005). Effect of malt Pretreat-

73 



ment on ant inutritional t'lCtors and HCI ex tractab il ity of minerals of sorghum 

cultivars. Pakis/nn J()lIrnal o( ,VlIIri/i()n. ·/.J<J6- .JUI. 

In yang, C.U., & Zakari , U.M. (2008) . Effec t 01' Germination and Fermentati on of Pearl 

Millet on Proximate. Chemical and Sensory Properties of Instant "Fura"- A 

Nigeri an Cereal Food. Pakis/un Jour17111 o/Nu/ri/ion 7 (I): 9-1 2. 

Iren, L. (2004). Sorghum and Millets. in ClIlliva/eel Plan/s, Primarily as Fooel Sources; 

Developed under the Auspices of the UNESCO. Eolss Publishers, Oxford .UK , 

[http://www.eo lsws. net ]. 

Jacqueline K. , Kung, u., Kathryn . .I .. Shaa li . M .. Nacl ra. S. A .. & An na. E. (2009). 

Bacterial Popu lati nns In COll1l'km~nlar\ Foods ancl Drin ki n ~ -wa te r "' 

Households with Children A~ed I() - I ~ Months in Zanzibar. Tanzania. J /-Ieul/h 

Popul Nu/r 2009 Feh.:2 /( / ) . .JI-jJ. 

Jones, R .. Audi , P .• Shiferaw. 13 .. & Gwata. F. (2 0U(,). Production and Marketing of 

Kabu li Chickpea Seeds in Ethiopia: E,\periences from Ada Di strict. In/ernu/ional 

Crops Research Ins/i/u/e)l}/" /he Semi-Arid 7i-upics: Pp, 4-6. 

Joseph , O.A. (2009) . Improv ing protei n quality or the African sorghum 'food through 

composit ing with cowpea. Ul1il'ersi/1' ()/Pre/oria: Pp. 28-3 I. 

Joshi, P. K. , Parthasarathy IU) . Gowda. C. 1,. I ... .i ones. R. B .. Sil im . S. N .. Saxena 

K.B. , & Jagdish, K. (200 I) . The world c h i c" p~a and pigeonpea Economies: Facts, 

Trends, and Outlook . Patanche ru -;02 32-1. Anclhra Pa rdesh, India: Imerna/ional 

Crops Research InS/llille fu r IfI" S. ' /I·/I -. I, i./ li·o/)ies. 611 pp. ISBII' Y2- YU66-NJ-6 

Order code BO E 030. 

Jukanti , A. K. , Gaur. P. M .. Gowda. C. I. . l. .. & Chibbar. R. N. (20 12) . Nutritional 

quality ane! hea lth benefit s 01' chickpea . Hrilish Journal ofNulri/ion: Vol. 108, S I . 

Pages S I I -S26. 

Kass ie, M. , Bekele, S. , Solol11 on. A . Tsedeke. A .. Geoffrey, M. , Setotaw, F .. et al. 

(2009) . Currenl Silua/ion and Fullire Olil /aaks of Ihe Chickpea Sub-sec/or /n 

Elhiopia: (I): 8-9. 

Kha ndelwa l. S. , Udipi . S.A. & Ghu~re . P. (2 0 I 0). Polyphenols and tannins in Ind ian 

74 

f 
I 



Declaration 

I. the undersigned. dec lare that this is my orig inal work and that all sources of material s 

used for rhe thesis have been correct ly acknowledged. 

Name: Tsion Markos: -----------------------

The thesis has been submitted with our approval as a supervisor. 

Mr, Kclbessa Urga: ____________ _ 

M,', rilahufll Bekcle: _____________ _ 

Place ,md date oJ' submittion: School of Graduate Stud ies, Addis Ababa Unive rsity, Addis 

Ababa. Ethiopia. July 201 3 


	MX-M464N_20211213_163538
	MX-M464N_20211213_164414

