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ABSTRA(il' 

. Cereal-legulll9 blends (70: }O) were prepared from roasted groundnut, 

roasted corn, rOasted cowpea, sprouted corn, fermented corn dough, steamed 

cOWpea and steamed groundnut. The blends were pre-gelatinized and dried 

on the drum drier to give read.Y-to-eat products. 

Chemical analysis such as protein, moisture, fat, calcium and crude 

fibre contmts were evaluated on the products. Functional properties 

such aa water absorption swelling properties of ingredients and the drum 

drier were found to affect chemical compositiop of the products. 

Moisture content of the products Was found to range from 2.4170 - 6.08}'o. 

High moisture was observed with the product cont aining sprouted corn and 

oa.vpea flour ( steamed). 

Protein analysis shows that the products have high protein content 

than whole cereal grain. The protein content rAllges from 16.9fo to 24-.lb. 

The protei.n content Was genE'rally found to be high in products containing 

groundnuts. 

Fat content was alsO found to be high ttnd ranges from 403~ to 16.84.%. 

The fat content waa found to be generalJ,y high in procU cts containing 

groundnut crude fibre content of the proructs W &I generalJ,y low and ranges 

from 1.U~ to 2.&;\>. Products<containing cowpea are found to have high 

fibre content. 

Calcium content Was found ta be generally lower than the recommended 

dietfll'Y allOlfanoe hsued by FAClf'IHU. The calcium content ranges from 

416.1CJ' to 39.01%. Produots containing COwpeR havo high calcium content. 

The proc ... ing treatment 01' ingredients such as drum drier gelatinization, 

t ... ntaUon, aalting eto. were Observed to influence the functional cha-
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racteriatica Qf tbe products. 'j ater Absorption of the products woro 

highor at 7uoe than at 29°e. exoept forlllOnted corn dough product. Tho 

highest water absorpbad Was found in product contf\.ining sprouted corn 

and cowPOf\. flour and corn dough (fermented). Cowpef\. flour and stl'amed 

groundnut products. Low water absorption Was generftl.l.Y fbund in products 

cont Aining rOasted corn due to the modification of proteins. 

swelling of blends was observed to oe higher at 700 e thanZ,1°e exoept 

prOduct oont aining COrn dough (fermented). cowpoa flour and st<'amed ground­

nut. But this blend had tho highest s~ elling ol'lpftcity at Z,1°C whUe thf' 

ro,atod corn blends had the highest swelling at 700 e. 

The oookod paste visoosity chArActeristios of products sh(MIg that initial 

pasting temperAture and peak viscosity decrease with increasing rOABting 

timo. NO viscosity chango was obsorved in blends cont aining SpL"outcd cOrn 

duo to 8Iqyloae activity. 

The sensory evaluation conducted on the pro<l1cts shows that the products 

are highl,y aoceptable. In terms Of colour. the panelists sb(),yed no differt.' noe 

and the treatlllOnts also did not oontrioute to acceptability Of the products. 

Thb 8p!Jl1ea to taste and flavour. Consistency sh(JWed that thor'o is 

differenoe in tho trofrt;mmt. 
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CH.AP1'ER 1 

INTROOOCTIuN 

1.1 The Protein Problem and attempts to SOl. ve it 

Protein Energy Mal.nutrition (PEM) has for a l.ong time been associated 

mainJ.y with the deve..Loping countries and starchy roots as their main suurce 

Of nourishment (Hanson 1974). 

In mOst deve..Loping countries the weaning fOOds prepared at hOme 

usually consist of' bul.k;y mono-cereal food which is inadequate in energy 

and nutrient cuntent. In u-hana, the mOst co=on traditional weaning food 

is porridge prepared by cooking a slurry of fermented corn dough into a 

porridge or pap known as "kOkO", "akasa" or "akatsa" by the different 

ethnic groups. The pap aJ.so produced from roasted cOrn is alsO cOmfIJonJ.y 

call.ed "TombrCMJl". These corn foods have l.OW protein quality and there­

fore there is the need fOr fortification with high protein sOurces. More­

Over the high starch of these fOOds allow them to bind SO much water, yieJ.d­

ing a gruel. of fl.uid consistency ruitabl.e for the del.icate mouth structures 

of infants. This dUut ion however increases bul.k and renders the food more 

difficuJ.t to consume in One sitting and thus in turn l. imits the amount of 

nutrients that CQ..ll.d have been derived from the gruel.. Therefore When these 

foods are sup...,lemented with high protein foods, their protein content wUl. 

impro ve and their buJ.k;y nature dur ing reconstitut ion wiLL not affect their 

nutritional status • 

.Animal protein rupplies all. the essential. amino acids and is the best 

source of protein to combat mal.nutrition. Unfortu nat c'..Ly, this source is 

very expensive and connot be met by th(> majority of the peopl.e in the devel.a­

ping countries. To Overcome the ever- increasing prOblem of prot ein-energy 
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2 

malnutrition in deve~op~ng countries, fortification of commonly used 

cereal products with Einexpensive pl.ant protein is needed. Most cereal. 

grain protein are l.OW in l.ysine but have adequate amounts of' sulophur 

amino acids. l.egume proteins on other hand are rich in the essential 

amino acid lysine but naturally deficient in sul.phur-cunt aining amino 

acids such as cysteine and methionine. because of' the high lysine content, 

l.egumes are capable of improving the protein value of cereals by mutual 

complementation of the limiting amino acids. 

Attempts have been made towards sOl.ving the prob~m by formul.ation 

of bl.ends of l.ocall.y available legumes (puloses and oiloseeds) and cereals 

to increase the protein cunt ent. These attempts were made based on the 

fOlo~ONing criteria: 

1. l.ocal availabil.ity of raN mater ials (l.egumes and. cereals). 

2. Abil.ity to give products similar to already known traditional 

fo Ods. 

2. SuitaJhle functional and sensory charactelristics. 

3. Nutritional advfU1tages through mutual compl.ementation. 

In l7hana, 2 main appruCiches are being used to cOmb at the prot ein-energy 

malnutrition proble~ 

a) Ca/Ilpaign for domestic preparation of !!Weaning fOods by 

mothers us ing predet ermined proport ions of availoabl.e 

l.egumes and cereals. This method has not been very 

successful. as at nON because ODviOUs shortcomings and 

potential prOblems Slch as ignorance of preparation 

techniques and seasonal avail.abiloity of' ingredients 

(P.1.aharad Hoy.1.e, 1987) 
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b) The promotion 01' semi-industriaJ. units for the 

proauction of ready-made weaning foods of high nutri-

tional quality based on local cereal and legumes. In 

(,Thana, the food research institute, the Nutrition and. 

Food Science Department of' the University of LThana, 

Ministry of Health (Nutrition Division), UNICEF, (,Thana 

National Commission on Children and vyurld Vision Inter-

national are the major organisations actively inVOlved in 

research, development and extension WurK on such formu-

l.ations (i'l.ahar and. Hoyl.e 19b7). 

In view of this, the National FOOd and l~utrition Commitii'ee (NFCC) 

of the Ministry of Heal.th (Nutrition Division) has recentl.y been promoting 
, 

a new infaut weaning product caLJ..ed "weanimix" in towns and villages. This 

is a bl.end of major cereal with one or two l.ocal legumes especia.l..l.y COlV-

peas and groundnut s. The blend is a pOWdered food prepared from a combi-

nat ion of 4- parts of cerealS with one part of legumes. The cereal used 

is mainly corn, sorghum or mi.uet with the l.egume being ca,pea s Or g round-

nuts Or a combination of both legumes. This prOduct has been fOUnd to be 

the cheapest, high quality, high protein and. energy weaning fOOd. 

In devt)loping new protein-rich cereal-based diet, it is essent ia.! 

that the criteria of qual ity, traditiona.l..l.y applied in each market or geo-

grfliJhic region be fulfUJ.ed. This require intimate, accurate knORledge 

ot' the nature (colour, texture and fl.avour) 01' the traditional food and 

tne physical and chemiCal propertios of the protein source being used in 

the neW or imitation product. Thus, i'- is not Onl.y formuJ.ating a nutritious 

food b",t alao in faoricating a protein rich food that has the identiCal 
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intrinsic or more desirable cOlour, flavour, texture and functional 

charactoristics of the traditionally accepted food at lOw cost. 

Plahar and Hoyle 19ij7 noted that to achieve the maximum benefit 

from protein supplement at ion in the cOmmon cereal diets, a careful for­

mulation and pro cessing procedures for the prOduction of the Creal/legume 

blend is required. liith regards to the PEM problems in develuping countries, 

Cereal/legume mixtures are capable 01' SOlving this widespread problem 

through cj?osely and c arefUl.LY monit ored blend formulations and contrOl led 

proce ss ing techniques. Industrial preparat ion of such bl ends for distri­

bution as against home preparations will be mOre contvenient. 

The protein Advisory (;Troup of the United Nations System (PA(;T 1972) 

alsO noted that acceptability 01' formulated foods can be enhanced by 

modern industrial processing such as pre-cooking and rOller drying extru­

sion COoking and en~me treatments. They suggested that the food mixture 

shOUld be forrwlated a1d processed so th at by the addition 01' minimal 

amounts of freshly boiled water, it is easUy and quickly preparod as a 

gruel Or porridge of the proper consistency for feeding. 

This industrial methods of preparing preCOOked fouds have advantages 

over the home preparation blends. These advantages are their convenience 

to the consumers since it is ready to eat food just after adding freshly 

bOiled water . The food WOUld be more convenient to ignorant mothers who 

kn(N{ little about forllUlation end processing of weaning foods. Another 

advAlltflge is thfit, it wOuld save time in preparing weaning foud. at home. 

This industrial preparation also enhanced nutritional value by added 

nutrients and the increase Caloric donsity. 

une o0lllp8l\Y which is actively produo ing ready to eat weaning food is 
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Nestle lZhana ldmited whO produces Cerelac. This is formulated from 

lOca.uy availaDle cereal (corn) and legume ( cO'Npea). 

In view of the above advantages of ready-to-eat food over the home 

preparation ones, this project is Deing undert aken to prepare pre-cooked 

weaning fooe! with high quality but at lON cOst. The fO.HONing objecti ves 

are therefore being set. 

1.2 ueJECTIVrs UF THE PH.uJECT 

1. To formulate cereal-legume blends from maize, cowpea and 

groundnut . 

2. To devolop products from the cereals and legumes using treatments 

such as fermentation, roasting and germination. 

3. To evaluate the effect of pregelatinization on the chemical 

composition or the forllllJJ.ated blend. 

4-. To evaluate the effect of pregelatinization, ferment at ion, 

roasting and germination (malting) on some functional characteris­

tics such as water absorption capacity, swe.uing and cookod paste 

viscosity of the prOducts. 

5. To conwct sensory evaluation on the products with reference 

to COlour, flavoW', taste, consistency and general accep-cabi.1ity 

using hedonic sCale. 
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CH.API' ER. 2 

2.1 LITERATURE REVI»'v 

.Although the production of weaning food m:ixtures has been encouraged 

at the househOld level, it is not making appreciable impact. It is 

interesting to note that appearance on you markets with processed packaged 

infants fOOds are alsO maKing us resOl.ve the problem. Mal1Y of such packaged 

weaning foods produced in several countries have fail.ed to make any impact 

on problems of in£' aI1t feeding bec ruse unless these products are SUbsidized 

the prices are not within the purchasing pO'Ner of' the majority of the 

people (urr, 1972). In viel"l of the above information it is necessary tu 

formulate ana. process weaning fOOds with gOOd qUality but lOw cust. 

The cereals mainly wheat, corn, rice and sorghum are the world diotary 

protein supplies of' about 5Oro. The remaining 5Oro is pr ovided by: 

i) vegetables (2ero) such as soy-Dean, peas and dried 

beans and 

ii) animal product (3ero) in the term milk, fish and lIe at 

( Deut scher, 191'd) 

Hopkings ana Steinke (197'd) stated that the degree to Which proteins 

are utilized is a function of the digestibility, amino acid composition 

ann amino acid requirements of the organism fed the protein. The quality 

of protein is there»ore determined by the proportion of the essential amino 

acids present. The amino acids present in the least quantity in relation 

to its relative requirements is knONn as the first limiting amino acid. 

It can be therefore be stated that the quantity of protein is not however 

the onJ,y consideration, the qUal.ity must al.SO be taken into account. 
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2.2 Proce8sing functional Characteristics of Cereal and Legume 

The Cereals - corn 

The mOst important cereal in Ghana on the bases of acreage production 

output and consumption is the corn grain. Corn has found a very wide use 

in the cereal industry. It is processed both traditionally and by modern 

technology. Corn appears to be the cheapest cereal commodity in Ghana. 

tlel<J{f is the comparison of prices of sOme cereals and .iegumes by Ministry 

of Agricu.iture. 

T ab.ie 1: Comparison or extreme prices ot' se.iected commodities 
at the who.iesale for the week-ending 1/b/91 

COMMODITY UNIT OF SALE HIGH-PRICED AREA LOW-PRICED AREA 

1 • Maize tlag 10ukg Ubuasi (j!15.50U) Tech iman (j!t5, Ouo) 

2. H.ice (.ioc al) nag 10Ukg tl Olg at ang a (j!25, 000) Tamale (.fl14.500) 

j. socghum tlag 1 09 kg Koforidua (,t19. UOo) Tamale (j!11,UuO) 

4. Mil.iet tlag 9.3 kg Cape Coast (;:20,000) tl O.ig at ang a (J!1 2, uu9» 

5. Groundnut tlag 82kg Koforisua (~27 .uuu) Tamal.e (~1f,uuO) 

b. Cowpe c( wh it e) Bag 1UJkg Makesin, sekondi! 
T akor adi (j!29. 500) 

Techiman (~20,500) 

The chemiCal compOsition Of' corn (Zea~) Ing.iett 19(u gave the 

average composition of' the corn grain as fo.i.iows: 

Stacch 

Protein - 10.}1o 

Lipid 

Sugar 
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The major compoenents of the Whole grain are therefore st arch, protein 

and lipid. The starch granule in cOrn cont ains about Z7'/o amylose and 37;0 

8JIjylopectin. Hcmever, this ratio m1lY vary depending on the variety of 

corn, soil consistuent and other factors. It is these chemiCal properties 

of the starch in the kernel which account for the textural beh aviour of 

corn during processing e.g. formation 01' gel on cOoking. 

The protein in cOrn comprises: 

i) Aloumins (w at er sOluble) 

ii) Globulins (Salt sOlubles) 

iii) Prol amines (SOluble in 70-ecro eth anOl sOlut ion) 

iv) G-lutelins (solUble in ageous sOlution). 

The properties of the proteins influence certain functional and processing 

characteristics of corn e.g. water absorption capacity. 

Dovlo (1970) reported that cOrn is the major source of calories and 

protein in Ghana. Plahat and Leung (1982 also reported that cOrn accounts 

for 90-9510 of total calories of coastal Ghanaians. 

Traditional food processing methods pl~ an import ant rOle in the 

processing and utilization of corn foods, in Ghana and in many developing 

countr ies. Much Of the corn foods availaole On the market for direct use 

arc rcad,y to eat foods or the fOOd ingredient is processed using simple 

traditional technOlogies. MOst of the technOlogies are laased on lOcal 

rff'l materialS and equipment. 
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2.3 Processing Methods of Corn 

2.3.1 i) Ferment at ion 

9 

Common products is "koko" - porridge for which corn is stf'eped in 

water for 2-3 days, wet mil.ied wet sieved and fermented for at .Least 12-48 

hours (DovlO 1970). The final product is COOked to produce a thin gr'lle.L 

(porridge) which is u~ed as weaning food for infants. 

During fermentation, the flavour and nature of the food is attered 

due to micrObia.L act ion. Cameron and Hofvande ( 1971) reported that fer­

ment at ion of who.Le grain corn in /vest Africa resu.Lt ed in an increase in 

riboflavin and niacin content. But fermented cOrn IDe81 is high in moisture 

content and therefore spoi.Ls easily (Harnod and Fie.Ld 1979) • 

.tianigo and Mu.L.Ler (1972) ident ified e.Leven carbOxy.Lic acids in cOrn 

IDeal. during ferme.otation. Uf the~e acids, .Lactic, acetic and butyric acids 

were important. p.Lahar and Leung (1982) aJ.sO found that the devG.Lopment 

of carboxy.Lic acids during corn meal fermentation was irifluence by the 

initial moisture contf'nt of' the dough. 

2-3.2 ii) ROasting 

ROasting causes: 

i) improved colour development as a r e su.Lt of formation of 

mOre melanoidins and 

ii) formation of desirab.Le flavour compounds. 

APart from p.Leasant aroma and increasing acceptability iri lJroducts, 

Mallero ~ ciU. (198b) rC'ported that stabi.Lity of cereal and .Legumes is 

imlJroved by toasting beclUse it inactivates thf' en~me that caUse the 

deve.L0pment of objectionab.Le f.Lavour during storage. Toasting also reduces 

the moisture content of the grain and can thus bo described as drying process. 
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The st ability of the grain is alsO impro ved. 

During roasting the husk cOlOUr changes and fuse to the aleurone and 

testa. The endosperm alsO undergoes a pyrolytic transformation. The 

starch undergoes partial hydrolysis and cross-linking within the granule 

resulting in nf!/{ glycosidic bonds formation. At the same time reaction 

resulting in the transformation of the starch, cell. Wall. end protein 

matrix into a homogenOUs mass which is water sOl.uble occurs. Some of the 

endosperm gluco se, is dehydrated to form 1, b anhydro-ti-glucose (laevogluco s an) 

and ultimately to 5-hydroxymethyl furfural through the MaUlard reaction 

(carbonyl-amino condensation reaction). This gives characteristics brOWn 

cOlOUr and flaoour compounds formed during roasting. 

Nutritional availabUity of some amino acids on the side chain of 

.lysin (E-NH2) is the preferred site for initiation of mailiard reaction. 

The lysine bound as a result of sugar carbonyl-amino reaction has l.ow 

nutritional value and cannot be utUized by the body. .Amino acids Slch as 

lU'gininine, tryptophan, Histidine and Threonine have also been found t o 

react with c arbony.l group of sugar during heating of the grain. Hence 

roasting of cereal and legume reSUlt in considerable damage to nutritive 

value of protein. 

In Ghana, roasted products are usually eaten as snack foods e.g. , 

./Ioelemamu (roasted corn) Or as roasted cOrn porridge pOpularly ca.l.ted 

"Tom brown" Which serves as weaning for infents as wel.l. as breakfast 

boverages for the adU.lts and children. 

20303. iii) (7erminating or Malting 

Important in breRing industries as we.ll. as traditional processes. 

It is now getting wider use in Ghana e.g. in the preparation of local malt 
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beverages such as Nmeda, Abei and Alilia. sprouting is a process that 

inVOlve the germination of seeds and can be achieved without the use of 

surujght Or soli. The reactions invOlved in sprouting include the break­

dONn of certain material in the seed transport of material from one part 

of the seed to another especially from the endosperm to the embryo or 

from the cohyledon to the growing parts. There is loss of' dry weight 

due to ox idat ion of sub st ances on one hand and le akage out of the seed on 

the other hand. Tot al lip ids decrease both in the endosperm and the 

cotyledon as germination proceeds. 

Corn lstarch has been hydrolysed to simple ~gars by aIllYlose en~mes 

during mAlting. Corn malt contains low moleCular weight compounds from 

degradation of' high mOlecular compounds in addition to en lIYme s, amino acids, 

vitamins and sugars. COrn malt has been reported to differ from the corn 

seed due to biochemical changes during steeping and germination Which 

affect the chemicru. compOsition of the grain (tlriggs et al 1971 and Plabar 

197b) • 

Plabar and Halm (197b) reported that there is gradually decrease in 

starch content with corresponding increcme in sugars as a result of 

germinat ion. 

There are enllYmes found to oe associated with malting. Those incJ!ude 

x- and tl-ruqy.l.oses Which hydrolyse starch, cyteses, protecses, phytases and 

~idases (Sv11l1berg 1985). An\Yloses catalyst the hydrolysis of X-j) (1,4-) 

linkage of starch. The x-amylases are endoglycosidases attacking glUCOse 

Wltr/ ftiom the chain and producing various type of oligOsaccharides. 

_lOpectin portion is hydro.1ysed by x-ruqylase to give x-maltose, g.l.Oco 

glucose and isomaltose. 
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In eva.l.uating nutritionally acceptable and microbiologically safe 

weaning food formulations prepared from 7u: 30, cereal: legume combination 

of germinated rice: munghean, germinated corn: cuwpea, germinated corn: 

munghean and germinated rice: cONpea, L.M. Marero et al (19tjtj) reported 

that germination reduced the dietary bul.!< or the formulations due to 

decrease in viscosity of gruels, hence, increasing their nutrient density 

compared to the ungerminated ones. They further reported that germination 

increased the content of micronutrients such as phosphorus, Fe and espe­

cially in the corn formulatiuns, B-carotene, thiamin, ribuflavin, niacin 

and ascorbic acid but decreased in calcium. Marero et al also identified 

that the germinated blends worked on had amino acid scOres that approximated 

the FAU reference pattern except for the s-cont aining amino ac ids. 

The effect of using ma.l.t for reduc ing the diet ary bulk of grue.i base 

has also been demonstrated by svanberg and Mosha (19tj3J. They showed 

that viscosities of thick gruels are affected by the addition of germinated 

cOrn when COOled down to lrOoC after cooking. 

2.3.lr iv) (Zelatinization of Starch 

,~hen starch is mixed with cOld water, nO apparent change occurs; but 

when the water is heated the viSCOsity of the mixture increases and if the 

cuncentrl1tion of' the starch is suU'iciently great, gel is formed. Often 

if the starch suspension dOes not gel at the e.ievated temperature, it will 

when the mixture is COOled. This is the ge.iatinization of starch. This 

depends on 

1. Temperature 

2. pH at which gelatinization is measured is important 
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3. Temperat ur e at wh iCh observations are made and fue length 

of he at i ng are imp or t ant 

4 . The size of the grannu.l.e . The temperature of ge.l.atinization 

decr eases as gr annule si ze decreases . 

Pr ocess of gel atinization 

This is in 3 st Hges . 

1. In cO.Ld water , there is imbibition of approximately 25 to 30 

2. 

percent of water. This is reversib.Le since the stArch can be 

dried. I n this st ~e the viscosity of the st arch-water misture 

does not ch ange. 

U t . t .L b5 0 C for starches. ccurs a approx~ma e y The granU.Les begin 

to swe.L.L rapid.iy and take up a large cmount of water. Meyer > 

and l3enfe.Lf r eported ( cited by Meyer 19b4) that CUril starch at 

bOoC takes up 30~o water , 1 0u~o at 7 UoC and at pOint of maximum 

swe.l..ling 250Lto b ased on or igin of st Arch. At th is st Arch, sOme 

of t he more SO.Lubl e starch granules l each out and the granU.Les 

change in appear ance . This stage is not reversib.Le. 

3. Mor e se .L.l.ing occur s . The granul e becomes enormous and often 

ovoid is formed. Mu ch mOre starch i s leached out and fina.LJ.Y 

the granU.Le ruptur es, sp i.l.J.i ng more starch out into the surroun-

ding flu ide The viscos i t y of the flu id incre ases mar ked.iy and 

the starch granu.Le s stick t oget her so t hat they CM no .Longer 

be picked apart. 

Chemistry of gel at inizat ion 

The swelJ.ing 01' starch, partiCularly a.!IlYlose which r esu.l.ts in an 

increase in viscosity of a starch-water mixture ana the formation under 
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proper conditions of' a gel., is nOw bel.ieved to occur through the binding 

Of water, In starch granuel.e anvl.Opectin and anvl.Ose mOl.ecul.es are cl.ose.Ly 

bound together by H2 bonds of the hydroxyls. A H2 on uH of' One mOlecul.e 

is at tract ed by the neg at i ve ch arg e of' the Q 2 of' a hydroxy l. on anoth er 

mOl.ecUl.e and this attraction forms a weak l.inkb etween the mOlecules as 

below 

These aggregate of mOlecules hel.d together weakly from micelles. J,s the 

temperature of a w ater-st arch mixture rises, H2 bonding decreases for both 

the starch-starch bonds and water-water bonds and the size of the particles 

diminishes. The tiny H2U mO.Lecules begin to freely penetrate between st arch 

mOlecules. Conversely as temperature decreases, H20 mOlecules are bound 

between the starch mOlecules and there is an increase size Or swel.ling. 

See diagram bel.em: 

~hen 2 s-&arch mOleCUl.es are origina_Uy bound together, there are now 

the 2 stE;I'ch mOl.ecul.es with H20 mOlecul.es in between. The sticking together 

of granules is bel.ieved to be the resul.t of mOl.ecules from adjacent granules 

becoming attracted and enmeshed in one another. 

lZel formation occurs through the format ion Of' a 3-dimensionaJ. networK 

Of starch mOlecules partiCUlarly the l.ong straight chain anvl.ose mOl.ocu.Les. 

These mOlecules become interlaced through attractive f()rces between the 

mOleCUles and particul.arly through H2 bonding on H20 mO.leCUl.es. High.Ly 

branched gl.ycogen does not form gels Or cryst als and gel formation in 

starch cOnaequentlY believed to oe primaril.y the func"tion of amylose rather 
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than alIlYlopectin (Meyer 19b4). 

In the laooratory drum driers can oe used to gel atinize st arches. 

Legumes are recognized as important dietary source of protein and 

the ~-vitamins in develuping countries. In G-han a and most West African 

countries, cowpea is grown and consumed daily as steamed Or fieJ.d ( akara) 

fouds by a large proportion of the population (Philips et 1f!:. 19t1/j). 

sefa-Dedeh and Yiadom-F~e (198/j) reported the chemical composition 

Of cowpea as sh ONn in the t abJ.e belOW. 

Tab.1e 2: Chemical composition 01' two varieties of cONpea grown 
in LThana On dry matter bases 

Ch ar act er ist ics vvestbred Aduaayere 
(vlhite variety (red variety) 

Moisture 11. )6 13.50 

Protein (NX 5.7) 22.71 2.3. tlU 

Fat 1.81 1.55 

~oson and Ankra (1975) alsO gave the chemical composition of groundnuts 

which also consumed extensively usua.J...LY as snack in Ixhana ana. is presented 

in t ablc- below. 

Table .3: 

Composition in terms of 10ug of dible portions 

Moisture Protein (NX 5.1) Fat 

(Zroundnuts 

Dried 4-.9 c.c..7 48.1 

ROasted 2-3 21.8 50.5 

Paste 2.b 24.4- 5.u 
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Legumes cont ain ant imutrit i onal factor s such as tannins, raffinose, 

stachyose, phytic acid and trypsin i nh ibitors. 

Ugun et"al ( 1989) reported that processes .like dehu.l.ling, cO.ld c;nd 

hot-so aking , co oking have effect on ant inutrients su ch as tannins, mffinose, 

st achyose, phytic acid and. trypsin inhibitors , From the r esU.lt s, whi.1e 

.litt.le decrease in raffinose Was observed as a resu.lt of the processing 

of cClNpea, stachyose Was considerab.ly .lowered by all. processing mothods 

except cO.ld-soaking . .As stachyose p.lays a key rO.Le in the incidence of 

flatulence , the Observed re<fuction may be important. Phytic acid Was 

not affected by al"\Y of the treatments. The tannins were e.liminated by 

dehul.ling, indicating that only the testa of cowpea containod these substance. 

Trypsin inhibitor was greatly reduced by application of heat. Apparently 

heat denatu r ed the proteinaceous trypsin inhibitors which must be absent 

in the testa since dehul.ling had nO effect on the trypsin inhibitor capacity 

of COl/peas . Tannins are known to render ionizable dietary Fe unavai.Lable 

to the bo dy . 2.4-.1 Problems with G-roundnut 

2.4.1 Pr Ob.l ems with G-r ou ndnut 

The .l iteratur e r evi ew wU.l not be complete if mention is not made 

Of the prob .Lemw i th gr oundnut . Feaking (1 9b4J reported that in 19bO some 

10u, OuO young t ur key s di ed in Brit ain in the course of a fen months. After 

in vest~at ion sever al. p ossio.l. e causes , it Was realised th at a factor common 

to all. t h e ou t br e aks W'&s t he presence in the feed material. 01' groundnut 

mOal t aken by a particu .1 ar consignment. Further work indicated that a 

tox in produc ed by a micr oorganism m~ht be the Cause of the troub.le and 

this led to the discovery th at s t r a i ns of the fungus Aspergi.l..l.us f.1avus 

were responsible for t he .P!'oducing of t he t Oxin fac"bor whiCh was named 

University of Ghana http://ugspace.ug.edu.gh



' Aflatoxin' • 

17 
u 

It further reported that li. flavus gr<ms best between 10 

and 45°C at relative humidity of' 75';0 or more, although the optilwm con­

ditions for aflatoxin prodUction are between 25 and 300C at 85';0 relativo 

humidity. The equilibrium mOisture content of' groundnut at 75';0 relative 

humidity is 9;'0 and th is f act is ot' co nsider able pr actic aL import ance in the 

search for effective ways or control.ling im'ection. This shOWs that 1. 

flavus grONs Only wnen the moisture content of the groundnut exceeds 9;'0. 

Hence there is need to keep the moisture 01' groundnut belOW 9;'0. 
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CHAPTER 3 

3.1 MATERIJt~ 

3.1 a EQUIPMENT 

a) 

b) 
b) 

C) 

d) 

f) 

g) 

h) 

Christy and Moris .Lao or at ory Mill. 
(Christy and Morris Ltd., Chemsford, E~.L and) 

Henley e.S. 40U centrifuge 

(7a.L.Lenkamp stove 

Visco-AIDY.Lograph (jjrabender Instruments Co. USA) 

Laboratory Mill. (Straud Co., Phila pa 1 2U201, USA) 

Sd.LaI' Drier 

Thermoregu.Lated Vi ater !:lath 

Drum Drier 

a) Gorn (Zea~) - ootained from the market, Accra) 

b) Cowpea (white type) - Vigna unguicu.Lata - ootained from market, j,ccra. 

C) lrroundnut (Arachis Hypogea) oo"Cained from Accra. 

1. ROASTED CORN 

The grains were c.Leaned to remove dirt, stones etc., divided 

into 3 batches and roasted on the stove at medium heating for 10, 

15 and 25 minutes respectively. The rOasted corn were then 

bagged in a polythene bag and stored in a cO.Ld rOOm. 

3.1 d FliRMliNl'ED CUM M"&/il. 

Traditional method described by Mul.Ler and Nyarko-Mensah ( 1912) 

The COrn grains were cl.eaned, washed and steeped for 20-~ hours. 

It Was then mil.l.ed in a disc attrition mil..l to ootain a fine mea.l. The 

_&1 • as kneaded with water ( approx imatel.y 1: 3 cOrn-water rat io) to form 
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a smooth dough. The pl'lepared dough sample was packed into large rect an­

gular plastic bONl with cOver and the surface smoothened to seal any visible 

opening. The container Was then covered and left to ferment at 29°C (room 

temper ature) for 3 days. Aft er ferment at ion, the dough Was packed int 0 

p olythene bags and kept in a deep free zer. 

3.1 e CORN MALT (SPRUUTED CORN) 

The corn was c.Leaned, washed thoroughly and steeped for 24 hours. 

The so aked seeds were then spread in a previous.Ly steri.Lised sack (in basket) 

and covered with a sterUised moist sack for 3 days. The sack was kept wet 

throughout the 3-day germinat ion period by regul ar sprink.Ling of water. 

The sprouted seeds were sO.Lar dried for 12-18 hours, sealed in pO.Lythene 

b11gs and stored in cO.Ld room (50C). 

3.1 f RO PST ED COviPEA 

The cowpeas were then cleaned by screening for dirt, pieces of stalk, 

stones, etc. The grains wer e then rOasted on l1-al.Lenkamp stove put at 

medium heating for 15 minutes. The cowpeas wert: then dehaulled by coarse 

grinding using the disc attrition mil.L, hand-rubb ing to remove loose.Ly 

held husks and winnowed. The cOl'lpe as were then se a.l.ed in pOlythene b 11gS 

and stored in a cold room. 

3.1g STEAMED CU'/PI!- FLUUR 

C.Leanod cowpeas Wer( dehaul.Led by steaming for 1u minutes in an exhaust 

btU and thon iumediately cracked into fairly larger particles using the 

disc attrition mlll.. The grain were then rubbed in the hands to remove 

loose.l.y adherring husks and then dried in a sO.Lflr drier. p.fter about 2 

hours of drying the cowpeas were then winn()ved Rnd milled into f .LOUr. The 

flour Was then steamed for 20 minutes in a steam exhrust box and dried for 
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o 
2 hQ.1rs in a sO.Lar drier and stored in the cO.Ld room (4 G). 

3.1h RUASTED GRUUNDNUTS 

Groundnuts were c.Leaned by screening for chaff, pices of' sack etc. 

The nuts were then roasted on ga.i.Lenkamp stove at medium heating for 15 

minutes, dehulled by hand, winnowed tv separate the huLLs. The roasted 

dehau.L.Led nuts were stored in cO.Ld room. 

3.1 j STEAMED GRUUNDNUTS 

G.Leaned groundnuts were steamed in a steam exhaust bOX for 20 minutes 

and immediate.Ly dehau.L.Led by hand and dried in the sO.L ar drier for 2 hours. 

The nuts weI'< stored in pO.Lythene b Ilgs and kept in cO.Ld rvom. 

3.1 j MIXIl'l7 

The raft materiaLs were' mixed and ground using the disc attrition mill 

at the ratio of 70: 30 corn: legume or 70: 15: 15 cOrn: legumes: legume. 

3.1 k DRUM DRITJIG 

.hpproximate.LY 1:4- o.Lend: water ratio s.Lurry Was prepared. The S.Lurry 

Was then put on the drum drier for 50 to 7U secunds to prege.Latinize and 

dry the b.Lends. (Marer o ..£!.!!:!: 19ti9). 

3.2 PRUXIMJ{l'E ANALYSIS 

3.2.1 MUISTURE GUNTENr 

MOisture was de~ermined using the air-oven method (American Association 

of Cereal Chemists (Mee) method 44--4-0, MeG approved methods (19 b9). 

2.0 gr aIDS of' s ampl e Was us ed. 
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3.2.2. PROTEIN CONTENT 

The protein content was determined by analysing for tot al nitrogen 

using the mackro-kjeldahls method ( Association of Official Analytical 

Chemists (AOP,C) method 4-7-021. Official methods of Analysis of AOAC ( 1975). 

The nitrogen determined Was converted to protein using the conversion 

factor of 6.25. 

3.2.3 FAT CONl'ENT 

The method used is termed Dry extraction method and is based UPO!} 

the extract ion and subsequent weighing of' all ether sOluble material from 

!l weighed sample. Association of official Analytical. Chemist (j,uP,C) 

method 7-000 (1975). 

2g of sample w IlS us ed in the det erminat ion. 

3.244 CRUDE FItlRE 

Crude fibre Was determined from the samples using the methOd of crude 

i'iore determinat ion from the As sociat ion of 0 ffici al AnalytiCal Chemists 

methOd 22.'42 (AuAC 1975). 

5.2.4 CALCIUM CUNTENT 

Calcium Was determliqed us ing the EI1l'.A titrat ion method, Pearson, 1976. 

2g 0[' samples each were used. 

5.2.5 SENSORY EVAUJATION (Organoleptic Analysis) 

Sensory eVfluation is a part of fOOd analysis, where the senses of 

human beings are u$ed to evaluate a product. TllSte panels Wer~ conducted 

for the samples using hedonic sc!lle. Tho taste panelS were conducted Over 

a one-dl\Y period ( in the morning and afternoon). Panelists were made 

~p of 1C st.udents from Nutrition and Food Science Department, tef,ching 

aasiatanta and techniciRllS, all in University Of Ghana, Legon. The taste 
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pane.lS were conducted in the main laboratory of the Nutrition and Food 

Science Department. 

Pane.lists were asked to assess their liking for qual ity attributes 

of cO.lour, i1 avour, taste consistency and overall. acceptabi.lity of the 

cereal.-.legume pre-ge.latinized products deve.lOped. A 1 to 9 numerical. 

hedonic scale Was used. The panelists were asked to indicate their degree 

of .likeness or dislikeness of the product. 8 saJl!lles were used and 4-

were present ed on one bench to avoid OvercrCJlil mg. 

3.2.b sTATISTICAL AN;,.LYSIS 

For sensory attribute 'therefore, a two-way analysis of variance (ANVVA) 

Was carried out to determine significance of vRI'iations among sensory scores. 

Vl1I'ience ratios (F-val.ues) were obtained for 

a) Effect of pretreatment process 

b) Effect of variation due to pane.lists. 

Ihereever there Was significance of the observed difference as given 

by l"-val.ue, the .least significance Differr-nce tests (LSD) were us ed fOr 

lJairuise comparison of means sensory scores (Stee.l and Torrie, 191::10). 

3.3.1 FUNCTIVNAL PROFFl{TIES 

j.}.1 ,Ij.T:1t ~SClR.PTIVN: (by method of F.leming et al 1974-) 

5g of each sample was mixed with 15m.l of water in a centrifuge tube 

and .left to st and for 30 minutes. The samp.les were then centri!'uged at 

3, uuu rmp for 30 minutes in Ben.iey 4-0v centrifuge. The sUpernat ant Was 

poured out and the samp.le weighed. The amount of water retained in the 

sample Was reported as water absorption per 10vg of s8mp.le (dry weight 

basis). The procedure was rC'peatod for each sample at 7uoC. 
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3.3.2 SI'; ILLnG (BY moth od of Floming .2!.!h 1974 with modific at ion) 

10g of sample Was weighed and put into a 100ml graduated cylinger. 

The dry bulk volume Was noted. 100ml of water was added and allowed to 

stand. The volulOO of the sEmple Was read out at 1, 5, 10, 15, 30 and 60 

minutes inter.als. The procedure Was repeated for each saaple at 70
0

C 

in the water bath. 

Pasting properties of cooked viscosities of samples were determined 

by AAeC (American Association Of Cereal Chemist) method ('22.10 1962) in a 

Brl!bendor Viscoamylograph (Brabender Instrumont Inc.) equipped with a 

500cmg 8£>nsitivity cartridge. 

FOr the cereal legume blends 1 ~ Of the ~ample8 wore prep ared in 500ml 

of distUled water Md poured into the aaulography bo~l. The tempora:ture 

Of the slurry was raised iniformly from 25 0 
- 95 0 C, held at 95°C for i­

hour and then cooled uniformly to 50Ge and held for 30 minutes. 

The heating _and cooling rate increased 1.5°e per minute. 
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FLOW CHART eN PRE- TREATMENT GIVEN TO M MATERIALS 
• 

ROASTED CORN SPROUTEP CORN 

cor 
Clean 

steeJ ( 24 hours) 

I I Roasted Com Sprout (36 hours) 

Cor 
Clean 

Roast (110,15, 25 minuties 

I ~ther comD(.p . +-< 5 II d 
---=:-__ .:> nen~s ° ar ry 

I :tied and milled I I Radicle removed . 

J-tydrated I other com 00-

I 
~ nem;s 

Milling together 

I 
lfydrated( 1: 4 blend; H

2
0) 

! 

Drum dried( 1: 4 blend: water) 

I 
PrOduct 

Drum dried 

i 
Product 

FF.RMENTfl) 
CORN DOUGH 

cor 
Steep (24 hours 

Mi~l 
I 

Dough 

Fermented 
Com dough 

I~ther comuo­V nents 

Mixed 

I I\Ydrated{ 1: 4 blend: H20 

I 
Drum dried 

I 
Product 

COWPEA 
ROASTFl) 

Cowpea 

I Clean 

Roast (10 Minutes) 

Coarse grind 

Delun 

RoLted 
Cowpea 

k other comuo­nen'ts 

Mi I iDg 

I-lYdrated{ 1: 4 .lend: 
f water) 

Drum dried 

r 
Product 
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Costing of Product ( Approximateh 

This was an approximation because only the raw material was 

taken into consideration leaving out other services like water, steam 

electrioi~, labour and transport. 

Cost of Corn . = t A/kg 
Cost of Cowpea = t B/kg 

Cost of groundnut = t c/kg 

1000g corn cost t A. 

Therefore Dg of corn cost D x A l:I t]l 
1000 

1000g cowpea cost t B 

Therefore Gg cost GxB = tH 
"1'000 

1000g groundnut cost t C 

Therefore Jg groundnut cost J x C = t K 
1000 

Therefore cost of product :: t (F ~ H) or t (F + H • K) 

Since Lg of dry product was obtained f'rom 100g composite, 

then Lg would cost t (F + H). 

Hence 1kg dry product would cost 1000 x (F + H) 
L 

=..u.. 
This ratio was also used for costing of corn, cowpea and 

groundnut prodUct. 
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CHAPl'm 4-

RESULTS AND DISCUSSIUN 

Evl11uation of Bl ends 

The proximate analys is Was dOne on the bl ends in order to ascer­

tain certain chemical indices and evaluate the protein supplementing 

effect and how the chemic al compOsition may be affected by process ing 

treatments or affect specific functional properties. 

: I , \ Moisture Cont ent of Blends 

The results of the moisture content of the cereal-legume pregela­

tin ized products prepared are given in Tpble 4. lZeneral.l.y the results 

show that processing treatment Or pretreatment of the ingredient prior 

to blending determines the moisture content of the blends. 

For blends c.ontaining roasted corn, rOasted groundnuts and cowpea f 

flour i n which corn Was rOasted for 10, 15, 25 minutes, .moisture content 

decr eases with increasing roasting time. Small difr'erences in the moisture 

c ontemt were Observed. The cOrn roasted for 25 minutes gave the lowest 

mo i stur e . This observation is due to the Ability of tho macrO-mOle·cules 

to r el ease moisture during the drum drying process. The 10" ering of the 

moisture cont e nt with increasing roasting time can be attributed to the 

phys ico- chemical changes which take place in the cOrn during rOasting 

wh i ch r esul t in expulsion of water trapped in the rain. ':'h-ls roasting 

i n addition to causing development desiraole cOlour M.d fl'lvOUr is alsO 

a dr.Ying process . 

Init ially , I Vias (",<,t.,ecting all tIle 01t'll.1., t) hevc the f<m(' moisture 

content since they were exposed to the srill( ~ond t '0'1 luring ~t dr'.lm 

drying. But it s e('ms tho pre- treatlL n+- proce ef ct on f~nal moicturc 

content of the product . 
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4: 1 PROXIMATE ANALYSIS OF PRODUCTS 

TABEL 4 

MOISTURE PROTEIN FIBRE FAT CALCIUM 
PRODUCTS '% '% % % % 

Roasted: Roasted: Cowpea 
corn ( steamed) 4.0 .± 0.12 24. 3 .±. 0.51 2.53 ,:!; 0.03 10.92 31.32 
( 10 minutes~oundnut flour - - -
Roasted: Roasted: Cowpea 

3.96.± 0.08 2307 0.05 2. 61 .±. 0.011 10.70 30.80 
corn flour ( steamed) .± 

(15 minutesl Groundnut 
Roasted : Roastedfi C~Rta d) 3.75 ± 0.04 corn ou eame 
( 25 minutes) Groundnut 

2305 ..±. 0.3 2. 70 ,:!; 0.09 10.64 31.19 

Sprouted : Cowpea flour 
corn : (s~eamed) . 60 08 + 0.20 16. 9 .± 0.1 2 2. 8 ;t 0.50 4.32 39.01 -
Sprouted : steaJ}led!'Cowpea, flour ' -, I 

Corn Groundnut ( steamedl J.62 + 0.11 18. 5 .t 0 0 07 2. 43 ;t 0.44 I 11.55 30.66 
rpasted: Roasted: Roasted 

f01finutes Groundnut Cowpea 3.19 ± 0.14 23.4 ± 0. 21 2. 56 .±. 0.33 14.55 30.86 

Corn dough: Sprouted. Cowpea 
3.10.±. 0.09 2O.6.±. 0.32 2. 58 ,:!; 0.18 4.92 35.22 ~Fermented) corn flour 

Corn dough : Steamed : Cowpea 
2.41 ± 0.31 20.9 ± 0.18 1. 02,:!; O.20 16.84 26.10 (fermented) Groundnut flour 

• Mean of two.±. standard deviation 

Protein, Fat, Calcium, Fibre contents are g iven on dry matter bas 
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The bLend cont aining corn dough ( fermented) , steamed groundnut 

and steamed cowpea fLour has t h e lowest moisture of 2.4-170. This can be 

attributed to the action microorganisms in the dough which might have 

exp osed the macro-mOLeCULes hOlding water hence the moisture was .lOst 

easi.ly during the drying. This expLanation becOmes Ob vious becruse the 

blend containing corn dough (fermented) sprouted corn and cowpea f.lour 

(steamed) is next in moisture content of 3.10J'0. 

The blends cunt Rining sprouted COrn have the highest moisture content 

Of o. otlj'o 

storage and preservRtion play import ant rOles in securing food mpplies 

frum one seaSon to the next and distribut iOn from LOC Rtiun to location. 

These usually depend On the lOwering water activity in the fOod product. 

The moisture content of the blends after<hlm dried r8nges from 2.4-170 

to o.U8yo. This is an indication of' gOOd storage stability of the blends 

when pRckeged properly. Hence, 1<>N moisture contont of' tho prOducts 

implies decreased fOOd loss through pest and micrObiaL att Rck. 

Thus Rpart from making the prOdUct more easi.ly digested and utiLised 

in human body the processing treatment given to the blend is a form of pre­

servative method. This impLies thRt drum drying is good method of ensuring 

increase in sheLf-Life of products . It pr ovides ready-to-e[Jt fOOd Wh ich 

will. hOLp nursing mothers eS!Jocial.ly the il.litorate ones. 

'/1.. Protein anaLysis of vroducts. 

The resuLts EU'e on Tab.le 4-. 

'i'he results show that tho protein content of tno bJ.ends were gf'nerally 

high ranging from 1b.9 to :4.);0 

The high protein cunt ent of the b lend.s sUt-ports the vi(W hold by many 
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researchers th at cereal d i et low in protein could be supplemented with 

inexpensive legume to augment the protein content of the diet and mOre 

importantly to increase the protein quality. 

ROasting of corn at different times slightly affected the protein 

content of the blends. ALthough protein content of' the bl.ends may not be 

significantly affected, lOss in biol.ogiic al Val.ue of the protein may in­

crease rOast ing time as a r€'sUl.t of increased formation of br::own pigment 

(melanvidins) wh ich involves the util. ization of the amino acids in carbonyl­

amino reaction in Arginine, through the browning reactions and therefore 

unavailabl.e to tht! bOdy. 

It is alsO known that drum drying resul.ts in lOss of' the amino- acid 

lysine. This aminO acid is the limiting amino acid of cereaJ.s. During 

drum drying of sprouted corll blends, ly~ine wOU.l.a freely react with the 

sugClI'S, and other proructs form from the action of the amylases gi ving 

rise to lOss or this ess€'nt ial amino a.cid. The endogenous enzymes don't 

hydrol.yse the carbonyl.- amino bonds hence the protein is not ut il. ized. 

: ',3 F,.t Analysis 

The fat ana.l.ys1s resul.t is on Ta.ol.e 4. 

Process ing treatments such as roasting, sprout ing, st eaming and fer­

menting af"1'ected the fat cont ent 01' the blends. High fat cOnt ents were 

associated with blends cont aining gruunanuts due to the high fat cvntent 

in groundnuts. The fat cont ent ranges from 4..32 to 1b.54. The lowest value 

is givvn by sprouted corn ana steamed cONpea bl.end whilv tho highest was 

given by COrll dough steamed groundnut and steamed cowpva. The high fAt 

contvnt of this blend mEf{ be -Iue to the action of microorganisms on the corn 

which make nutrivnts more ava il.abJ.v. 
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with the b.Wllds cont aining roasted corn at different temperatures 

the highest fat content is realised on the one roasted at 10 minutes. 

The fat content slightly decrease with increasing roasting time. 

Implication of Protein and Fat t~eaning foods 

The blends may perfectly serve as high protein-energy food forrrula 

for children and nursing mothers who are regarded as vulnerable group that 

is those exposed to protein deficiency. The implication is thAt the blends 

'Kith high protein wi1.l provide adequate amount of protein in suitable form 

When used as weaning food to substitut e whOle corn porridge. 

The high fat content in the blends may also contribute significantly 

to the energy Or calorie requirement of the consumer. MOst fats give 

9kcal/g of the fat while carbohydrates give 4kcal/g of sample. The also 

seeves as vehicle for absorption, transport ation and u"tilization of fat 

sOlUble vit amins. As salad Oils, they contrioute to mouth-f€'ed and carrier 

of' flavours. These fats as short€'nings impact tend€'r quality to baked 

bOOC1s through combination of lubrication and anility to alt er interaction 

among other constituonts. The protein Advisory Group 01' the United l~ atiuns 

(19/5) stated that the protein content for fortified fOOd formula should 

not be less than 2C¥o. Hence, the bl (>Dds prepared Can successfullY be 

intrOduced as high-protein-energy rich formUla to reC1uce the incidence 

of protein-energy malnutrition preVailing in developine countries. 

: 1,4 Calcium analysis Of' product 

'l'h€' re::u lt s on calc ium analysis is in Table 4. 

Tho Calcium cont€'nt ranees from 20.10 to 39.v1. Those blends with 

high Calcium contain cONpea in large proportion. 

Marero!! 1:!: (198b) recorded that the daily r€'cournended calcium al.lOW-
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ance of weaning foods is 60umg of infants between b to 11 months and 

501mg for chil.dren between 1 to 3 years. This reports indicated that, the 

total calcium of the products devo.l0ped Ilre ilbout 4- to bJ'o of' the daily 

al.lONance. It is not possiole for the infflllts to cunsume aoout 10vg of 

the weaning food a d~ hence there is ne€'d to supplent the products 

furmu.lated with calcium. 

The supplementation of the products with calc ium is important beciluse 

of the ro.l€'s ca.Lcium play in the body. Calcium and phosphorus make up 

our bones and teeth. Hence th€'re wi.l.l 0 e mal-formation of bOnes resu.lting 

to rickets. 'l'he supp.lem€'ntation of the blends can o€' done during the 

b.lending of the compon€'nts in the form of CaCU 3. 

I I r Crude fibre analysis of products 
• I ~ 

The resu.J..ts of' crude fior€, analYsis is in Tabl€' 4. The r€'su.J..t 

indicated that pretreatment processes aff€'ct lIhe crUJe fibre levc.l. l~.L. 

Kent ( 1900) reported that crude fibre is mainlY ce.l.Lulose, hE'mice.llu.lOse 

and sOme materials that encrust the CeLl. wal.l. such as lignins and p€'ctic 

substances. These ceil Wal.l. compon€'nt of plants are not broken down by 

endogenous fibre in diet can cause discomfort in childr€'n oy its high 

water absorption prOperty which can dehydrate the infant. 

The highest fibre concent Ilre realised with products wh i ch have 

high amount of cowpea. Co.vpea has high fibre content. 

R.oasted cOrn at differE'nt roasting times &lowed different fibre con-

tl'nt. Fibre content increase with increasing roasting time. The high€'st 

fibre content is found in product made up of' sprouted corn and cowpea 

flour (steamed) and the l(),yest is found in c ern dough (fermvnted) blend. 

The microoq;anisms associat€'d with fermentation might have had ability to 
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digest the cell wclil components to monosaccheride, dissaccharides, 

ol.igosacchCU'ides etc. The highest crude fibre from sprouted cOrn and 

cowpea bl. end maY be due to high cowpea in the bl.end and alsO inabUity 

of the en~mes (x-t5-anvloses) to breakdO"Nn the ( 1 4) linkages in the 

cellulose while starch was broken down into .lower mOlecular components. 

This action increases the fi!:lre since it b('come irru::linent. 

FUNCTIURAL PROPE..'i.TIES OF t5LEND 

'11 Water absorption of IHends 
, I -

The result is tabulated on Tabl.e 5. 

HOl.IDes et al (19tl2) reported that the type of heat tre fl tment and 

duration significantly im~luence percentage water absorption. Sefa-Dedeh 

and Faleye (19tltl) al SO reported that proteins CU'e the primary sites of water 

absorption . ~hi.Lips et i!!:.. (19tltl) wvrKing on the effect of pretreatment 

On functiOnal and nutritional properties of cowpea meCil reported that 

water absurption increase with mild heat treatment and then decline as 

he at b ec Ome se vore. 

NCU'l\Yana and Narasinga (19tl2) also reported th at carouhydrates play 

impol'tant rOle in water absorption. 

Tho water absorptiun prOduced interestine results. ALL the bl.ends 

sh OV/('d high WAter absorption. The lowest water absOrbod is about 4-.50.1;0. 

Tho high water absorption of' all. the blends is due to the hent treatment 

( drum dryer gel.atinization an,l arJing). oyer and J:lenfeJ.d cited by 

Meyer (1 964) said that corn sil1l"ch at 60
0

..; takes up .3U~o water, 10ulfo 

at luoC. Hence trw high water absorpt ion of tho proaUcts is r ignificftIlt. 
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Genera .l.ly the water absorbed at tuOe is higher thant that at 29°e 

apart from corn dough (fermented) steamed cONpea flour and steamed 

groundnut blend. The decline in water absorption of this b.lend at 7u oe 

is dUe to increase he at tre atment at 7uoe. The he at introduced by drum 

dryer might bE' enough to increase water absorption and as the heat becomes 

severe , water absorption decreases. The starch granules might have expanded 

to their limit hence take less water. There is lesser water binding sites 

of' carbohydrates for water. 

At 29 °e, the blends cont aining ro asted cOrn at different rOast ing 

times shONed interesting results . As roasting time increa..qe from 10 minutes 

to 15 minut es, the water absorbed increased, but doc.lined considerElb.ly at 

25 minutes ro asting time. This ouservation CM be due to the fact that w 

water absorption increases with increase mi.ld heat but decline with sevore 

heRt treatment. Hence the 25 minutes rOasting time might havo made con­

ditions unfavourab.le for water absorption. 

At 7uoe the water absorption of the blends containing roasted cOrn 

at different rOasting times shol'led decrellSe water absorption as ruasting 

time increases . It is pOssiJ.le that the docrease in water absorption capa­

city with incroasing roasting time of the corn CM bp attributE'd to increase 

uti.lis Cltion 01' the water binding site in protein which are pO.lar amino acids 

in mail.lard reactions. The pOlar amino acids such as lysine are invo.led 

in carbonyl-amino condensation reaction leadine to the formation of orown 

pigmC'nt, h~mce lesser binding sites for water on the protein. 

The blends cont aining sprout ed corn and cowpea t'.lour (steamed) and 

spr~ted corn, cowpea flo uur and steamed groundnut sh ON ed difference in 

water absorption. It is mORn that fats and surfactants sJIlON dOwn water 
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WATER ABSORPrION OF PRODUCTS AT 29°C AND 70':£ 

TABLE S 

WATER ABSORBED 
91100g SAMPLE 

PRODUCTS 29°C 70°C 

Roasted: Roasted: Cowpea flour 
Corn ~)undnut ( steamed) 460.0 528.0 
( 10 minutes 

Roasted: Roasted : Cowpea flour 

Com (11~ Groundnut ( steamed) 476.1 484.0 
minutes 

Roasted: Roasted : Cowpea flour 
Corn ( 25 Groundnut ( Steamed) 436.7 466.3 
minutes) 

Sprouted : cr-pea f~)ur 
Corn Steamed 5_16.0 5~6.2 

Sprouted : Steamed : Cowpea flour 
Corn Groundnut ( Steamed) 460.8 50406 

Roasted : Roasted : ~oasted 
Corn ( 15 
minute~) 

Groundnut Cowpea 4.88.5 520.0 

Corn dough: Sprouted: Cowpea flour 
( fermented) corn ( steamed) 508.3 520.4 

Corn dough: Steamed: Cowpea flour 
( fermented) Groundnut ( Steamed) 568.4 556.0 

Student T-test TabUlated Value ~erimental Value 

2.9155 Water abaorption of 1.895 
»roduota at · ~oC and 70°C 

• The tabUlated value is given at ~ level (to-OS ,7) 
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uptake hence the high fat content of the groundnut contributed to its lON 

water uptake. The high protein and .LOw fat in cowpea contributed to the 

high water absorption of the blend cont aining sprouted cOrn and cowpea. 

G-enerally, from the reSU.Lts it can be said that high degree of fat 

component and high roasting time and enzyme activity in sprouted corn 

as wel.l. as micrObial action on cOrn dough significantly affect water absorp-

tion characteristics. 

Comparing the water absorption of the products to similar blends for-

rnulated but not pre-gelatinized done by Ampadu ( 19t19), the prOducts wh icch 

are pre-gelatinized sho,.red water absorption 4 times (about 25;'0) that of 

the non-gelatinized b.Lends. This shows th at the pre-gel at inizat ion increa-

sed the water absorption cRPacity of the b.Lends. This is signific Ant with 

what Phi.Lips et ~ 19(:)tl reported that increase in mUd heat treatment 

increases the water absorption capacity of products. 

The student T-t est COnducted on the water absorption at 2} °c and 7UoC 

shows that there is significant difference in water absorption at the 

two temperatl4'es. The T-test is at 5;'0 level.. Hov<r('ver, at 1;0 leve.L, the 

T-test Was t abu.Lated value Was 2.99ti wh ile c alcu.Lated Was 2.9155. There-

fore at 17< level, there is no difference in absorpt ion at 29 °c and (UoC. 

" 1 SwELLIN.;- PROPF.RTIES OF BL)q\!DS 
.Jot 

Dat a On swel.Ling is on Table b. 

Swell.ing is due to the expansion of the cells upon imbibing water i.e. 

the w01C'cu.Les of sOL vedt mt or the su tl st anee wn bh is slVC'l.Ling causing 

sOL vat ~on Of' the macro-mole~ule ADd in addition occupying the read capil.Lary 

space and intermoleC~lAr spaces 01' the mO.LccJle (Sei a-Deueh, 13 78 cited by 

Amp adu 19tj9). 
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In exception of Curn d()ugh (fermented) cowpe a flour and steamed 

groundnut blends, the sweLling at 7 UoC is mOre than at 29 °c. This is due 

to the increased swelling of the starch granules. 

swelling was alsu found. to De higher for each of the blends at 7u oC 

than at 29 °c due to increaso in imbibition of water by the st arch granules 

with tornperature (Doghpande, 19b2). 

It i s aL so g ener ru..Ly Ub ser ved th at SN ell ing or the bl ends remained 

constant after 1u minutes at Doth 23 °c and 7UoC. At high tempeL"atures 

stflI"ch lOsos its glandular structure faster than would rfIN starch 

(Deshpande 19b2) resu.Lting in .Lessened sweLling capacity. This can.1!l» 

account for the swe .Lli ng of the b.H'uas remaining constant after 10 minutes. 

Swelling of the blends cont aining roasted corn, roasted groundnut 

and steamed cowpea flour decrease as the roasting time of the corn increases 

at both 29°C and fUo C. Deshpande et a1 19b2 reported that sweHing capacity 

of st arch is a funct ion of modif'ic at iOn proceeding such treat ment. This 

effect results in increase in swelling characteristics of the starch, but 

he alsO stated that at high temperatures, st<lrch lOses its glandular 

structure foster than woul d rctll st<lrch resu.JI.ting in lessoned swelling 

capacity. It may be p ossible that this effect may have been fAcUitatod 

by tho high rOast ing time treRtment as well <IS high temperature drum drying 

giv('n to the corn leading to d~creased sweLLing. However the increase 

swellinc of the blends at 7U
o

iJ than C3 °c m<\)' be due to increase iff,bibition 

of water by the starch granulos with increase tompc'rature. 

For tho bJ.wds containing sprouted corn, it has b('on observed that 

the blend cont aining sprouted corn rod ccmpea f .J..our (ste[:IIled) has higher 

swelling CAPacity both at 29°C and 7uoC than the blenj cOnt aining sprout('d 
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TABLE· 6a 

BULK TIME 
PRODUCTS VOLUME 0 1 5 10 15 30 60 

i( cm3) MINS. --
Roasted: Roasted : Cowpea flour 
Com (10 Groundnut ( Steamed) 15.0 39.0 341.0 42.5 43.0 43.0 43.0 43.0 
minutes) 

Roasted : Roasted : Cowpea flour 

~~rnt~a~ Groundnut (Steamed) 15.0 30.5 32.5 35.0 35~5 35.5 35.0 35.5 

Roasted: Roasted: Cowpea flour 
~~t~l~ Groundnut ( Steamed) 13.5 30.0 I 32.0 34.5 35.0 35.0 35.0 35.0 

.. 
Sprouted : ~owpea flour 14.0 36.0 38.0 41.0 42.0 42.0 42.0 42.0 
Com : (Steamed) 
Sprouted: Steamed : Cowpea flour 12.5 214.0 36.0 38.0 38.5 39.0 39.0 39.0 
Com Groundnut 1 Steamed1 
!oasted : Roasted: Roasted 14.0 30.0 32.0 33.0 34.0 34.0 34.0 34.0 om 
( 10 mins. Groundnut Cowpea - -Com dOll8h : Sprounted : r~R~a 14.0 '36.0 38.0 39.0 40.5 4.0 41.0 41.0 
( fermented) Com (Setemed) 

Com dough: steamed : Cowpea :R~i'£ 17.5 43.0 45.0 47.0 47.0 48.0 is. 0 48.0 
flour 

(fermented) Groundnut ( Steamed) 

I 
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TABLE 6b 

BULK TIME 
PRODUCTS VOL~ 0 1 5 10 15 30 60 

Lcm3 fUNS. 

Roasted : Roasted : Cowpea flour 
Con( 10 Groundnut ( Steamed) 17.0 42.0 44..0 4.5.0 46.0 4..0 46.0 46.0 

minutes) 
-

Roasted : Roasted : Cowpea flour -con( 10 Groundnut ( Steame4) 17.0 40.0 42.0 43~0 44.0 44..5 44..5 44..5 
~iD.Jtes) 

Roasted : Roasted: Cowpea flour 
Con( 15 Groundnut 

- minutes} 
( Steamed) 17.0 36.0 38.0 38.5 4v.0 41.0 41.0 41.0 

Sporuted : Cowpea flour 16.0 45.0 47.0 41.5 48.0 48.9 48.0 48.0 
Corn ( Steamed) 

Sprouted : Steamed : Cowpea flour 12.5 35.0 37.0 38.5 39 39.5 39.5 39.5 
Corn Groundnut ( Stodllled) --Routed: Roasted: Roasted 
ittIt\lgs) Groundnut Cowpea 14."0 32.0 34.0 35.0 35.0 36.0 36.0 36.0 

Corn dOU8h : Sprouted : j~llea 
-'-fermented) Com ( e2mid) 13.0 37.0 39.0 40.5 41.0 41.5 41.5 41.5 

Corn dough: St._eel : Cowpea 
flour 16.5 43.0 45.0 

(feJ'lD8Dted) Groundnut ( steamed) 
44..0 43.0 43.0 43.0 43.0 

, -

-
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cor n, c ONpe a f 1.OUr and steamed gr oundnut . This difference is Clue to ground­

nut wh i ch h as high fat . Fp..ts and surf8ctants are knONn to s1. OW down the 

uptake of water by st arches . Fats and fatty ac i ds are knONn to aff ect 

g el atini zat i on of starch . Heckman 1971 (cited by Deshpande 19152) r eported 

th at slOW r ate of water penetration into starch grRI1ulo. may b e due to 

the f ormation of a fatty layer around the starch granule le ading to the 

form at ion of 8lI1.Ylo se-f atty acid complex which is ins01.Ub1.e and restrict 

swe1.1.ing of s tarch by stabi1.izing the granuLe structure. This may account 

fo r t he l ow swe1.1. ing of' sprouted corn, st e amed cO/fpea RI1d ste-amed groundnut . 

The swe1.1.ing of' the blend cont aining roasted corn, ro 8sted groundnut 

and r Oast ed cowpea i s lower than th"t of roasted cOrn at 1 C minutes , roasted 

g r oundnut and steamed co~pea. Here the cowpea is roasted. The roasting of 

t he CONpe a m&]' have result ed in decrease swe1.1.ing of this bl e-nd. The cONep 

cowp e a starch might have 1.0st its glandUlar structure than the rf.fl'/ starch 

in s t eRllled CONpea. Increase imbibition of water by the stC1I'ch granules 

may ac c ount f Or th e i ncrease swe1.1.ing at 7uoe than ;eoG for this b1.end. 

The high heat treatment by using drum dryer maY further account fOr the 

le ss swelling of t h e bl end . 

It is int er est ing that the s~e1.1.ing of the bl end cont aining corn 

do~gh (fermented), c ONpea flour and steRilled groundnut has it swel1.ing at 

;eoG higher than at 7uoC. :- Th ~ mj,crobial action. on starch. during , fermentat i on 

rosillts in formation of cert ai n cOUlVounds as carboxylic acids . Ther e is 

also lC1>Vering of'1JH uSl al1.y belO.v 4. U f or j:J n ours fermentation. These 

can expose the starch granules and t hey Can readUy bc- affect ed by heat . 

Ueshpande (19t12) Jt.oported that at high temper "tures , st "r ch lO ses its 

&J..anduJ.ar.structure rC'sU.iting in lessened s\ e1.1.ing cRP acity . This may 
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prObab.Ly account for the slow swe.L.Li.ng capacity of cOrn dough, steamed 

. cowpea and steamed groundnut b.Lend at 7UoC than at 29°e. At 29°e the 

mOdification by the drum dryer might have favoured the water imbibition 

capacity of the starch. Further modification of the starch by heat treat­

ment at 7uoe resuJ.ts in the .LOsS of gJ.andu.Lar structure of the starch. 

This is significant becuase when we take a C.Lose J.oOk at the sweJ..Ling 

curve at 7u oe, it increases initia.L.Ly and started decreasing. The decreacing 

swe.L.Ling time is When the starch lOst its glanduJ.ar structure. 

G-enerRl.Ly, the blend containing corn dough, steamed cowpea and strea 

steamed groundnut has the highest swelling CapRCity. This can be due to 

the faVOurab.Le mOdific ation of the starch granuJ.es during the drum drying. 

The 10#est sweJ.J.ing Was ~bserved in b.Lend containing roasted corn roasted 

groLlndnut and roasted cO#pea. 

P ASTINlX PROPEttTHS OF BLt:NDS 

The result is given in TaOJ.e 7. 

The data On alllYlograph ::bows considerable increase in viscocity during 

cooJ.ing. It shO#s that the starch granules have ability to associate when 

c()oJ.ed • 

.3J.ends com aining ro asted corn, roast ed groundnut and cowpea f .Lour 

(steAmed) shO# consideraOJ.e decrease in initial pasting temperature with 

incre8sing temperature. This is due to deJ.f\Y in beginning of stle.L.Ling due 

to changes cfUsed by tlr roasting. There is restricted swe.L.l.ing charac­

teristic of roaating cOrn for along time (cited by J.,mpadu, 19!:l9). The 

res+-ricted SWPl..l.ing may in turn decrease the case of COoking. 

Une of the indices of amyJ.ogrRPh is thf ma<:imum pe8k viscosity. The 
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highest peak viscosity Was recorded with the olend cont aining roasted corn 

at 10 minutes. Increasing the roasting time to 15 minutes decreased the 

viscosity by 50 nrabender units. Further increase in rOasting time to 

25 minutes decreased the peak viscosity by 7u 13rFlbender unit s. 

The peak viscosity is an important characteristic of any starch or 

flour and is concentration dependent. Tne viscosity at a particulFr con­

centration re~ects the ability of the ste;rch granule to swell freely 

before physical breakdcmn. Ilhen the starch sOlution is cOO.Led, the viscosity 

mowed a consideraole increase indicating a tendency tONard association 

of starch mOlcules. 

The blend cont aining roasted corn (10 minutesj roasted groundnut and 

rOasted cowpea had the highest intial paste viSCOsity of 93 0 C. Like the 

other blends, it s viscosity increased moderately through out the COOking 

period. This blend is identiCal to the blend containing rOaste·d corn (1G 

minutes) roasted -grguhdnut and cowpea flour steamed excppt th at the cowpea 

is rOasted. This olend has a lower peak viSCOsity than the rOasted cOrn 

(10 minutes) ro asted groundnut and stC'amed cONpea flour. The decrease in 

peHk viscosity may be due to rpstricted swelling of roasted cowpea. 

The paste viscosity of the blend cont aining corn dough, steamed 

groundnut and cowpea flour showed initial pasting temperature of 85°C. 

Its viscosity increased considerably throughout the period indicating the 

stRbility of the starch in the blend. 

The blends containing sprouted cOrn shONed no viscosity rise Or increase. 

This is probably due to the action of' x- and B-RJJtflases in the corn malt. 

The zero visCOsity Observed may therefore be duo to the action of 
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PASTING PROPERTIES OF BLENDS 

AMYLOGRAPH SENSITIVITY CATRIDG-E = 500cmg 

composition of slurry = 12fo 

TABLE 7 

-
PASTE 

0 
95°C 

50
0

C 
50

0
C 

BLENDS TEMP. °c PEAK 95 C HOLD HOLD 

Roasted Corn: Roasted: Cowpea 
Flour 78 220 50 100 150 220 

( 10 minutes) Groundnut (Steamed) 

Roasted Corn: Roasted: Cowpea 
flour 82 170 30 90 160 170 

( 15 minutes) Groundnut (Steamed) 

Roasted Corn : Roasted: Cowpea 
flour 92 150 0 30 10 ·150 

(25 minutes) Groundnut (Steamed) 

Sprouted: Cowpea 
0 0 0 0 0 0 

Corn flour 
Sprouted: Steamed : H~gFa 

Corn Groundnut (Steamed) 
0 0 0 0 0 0 

Corn dough: Sprouted: H~gfa 0 0 0 0 0 0 
(Fermented) Corn ( Steamed) 
Corn dough: Steamed: r~gfa 85 70 0 10 30 I 70 
{Fennen!ed} : Groundnut { Steamed) 
Roasted Corn : Roasted: Roasted 

93 140 0 20 40 140 
(10 minutes) Groundnut Cowpea 
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thege en~mes which hydro.Lyse the starch during cooking to dextrin and 

sugar resulting in legg swe.L.Ling. In view of this, if a product which 

thickens upon cooking is dE/gired, one wU.L need to use a minimum of 1;;ro 

slurry composition. The energy density is therefore increased as a resu.Lt 

of reduction in bulk density. 

Through the action of x- and B-amy.Lases, the starch in sprouted corn 

was broken dONn to ma.Ltose, dextrin and other o.Ligosoccharides. Through 

their superior water binding capacity sugars preferenticu.i.Y tie up H2u 

mO.Lecu.Les and withhoJlld them from st arch. Presence of' sug ar therefore 

inhibit binding of' water by stE\I'ch hence prevent ge.Latinization (Meyer 19/4;. 

4-:4- SUMM.t.RY OF' R1iSULTS ON SENSOKY EVJ,LU.t.TIUN ~ 

Tab .Le tj: ffiUVA SUMMARY T AOLE ~uR T .t..3T ~ 

Source of 
df ss ms F-value F-t ab. 

Variation 

Panelists 9 42.75 4.75 1.096 2.10 

Treatments 2 1~04-75 7. '24- 2.59 3. /5 

ErrOr 68 19u.7tJ 2. 1:3 

Total 79 '24-tJ 

F-t8bulated v81ue at 57, lev( lot' significance 
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CO.u.>UR 

TaDJ.e 9: ANU V F. SU MMJIR Y T ABLl!; FUR ()JwUR 

SOurce Of Varia-
df f -value 

tion 
ss ms 

Panelists 9 15.7625 1.7514 u.ooou 

Treatments 2 13· 3375 b. boo7 2.5435 

Error 68 170.20/5 2.b 219 

Total 79 207.;J3 15 

FLAVOUR 

T aPJ.e 10: ANuV" SUMMAH.YTABLE FOR FLAVOUR 

Source of df ss ms F- value 
Variation 

Panelists 9 21 .11 25 2.34-58 U. 139u 

Treatments 2 4.5375 2. 'dJ'd7 U./1'+7 

Error 68 215. 'd3/5 3·1741 

Tot al 79 ~1.4875 

CONSISTENCY 

Table 11: ANuYF. SUMM.AI{Y TtBLE FOR COI'ISIST J<;j~CY 

SOurce of 
Variation 

Panelists 

Treatments 

Error 

Total 

df 

9 

2 

b8 

79 

ss illS 

.3t> . 8025 3.9'047 

25.U375 12.51o( 

189.5875 2. 7'd'du 

25u.48/'J 

F-tabulated value of 5Jc ievo ... 01" significance. 

F- va.LUe 

1.4292 

4.4902 

F-t an. 

2.10 

3.75 

F-tan 

2.10 

5.75 

F~ao 

2.1 U 

3.75 
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lTIDERAL AGGEPI' ,AIHLITY 

Taole 12: mOVA SUMMARY TABEL FOR GENERAL AGGKPI'i\BILITY 

Source of df ss 
Yariat ion 

ms F-vaLue F-tab 

Pane.Lists 9 50.7 5.b333 2.13U 2.10 

Treatments 2 11.4-25 5. 71 ~5 2.1oU1 3.75 

Error b8 179.825 2. b4-4-5 

Tot ru. 79 241.95 

F-tanulated value of 510 1. eve1. of significance 

Refer to rCfN dat a on appendix 2 to 6. 

4- : 't I I DISCUSSIUN Ul~ S~~su.H.Y EV.hWATIUI~ 

.AAUYA summary for taste is given on table 8. The F-value taoUJ.ated 

is higher than the caloulated value wh ich sh<.rvvs that there is nO difference 

in the pa,ne.iists accept anility Of' the pro duct. The F-v<uues for treat-

ment <usO shOo\' od th at there is nu signific ant difference in the treatment 

given to the products to affect the taste. This is expected. since al..L 

the prodUcts were swwetened with sugar before presented to the pane.li.ists • 

.AJ..l the products were fai.r.Ly accepted and the product cont ain-ing sprouted 

corn, steamed cowpea and steamed groundnut Was best accepted. 

GvliJUR 

Rr su1.t s pr osented on Tabl.e 9 . 

(,;Ol.uur b an index in acceptance Ot- products. SOme of our VTcaning 
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foods have different cO.lOurs. For ex<Ullp.le 'tomoru;lu' is brown in c01.our 

whUe I koko ' Or I akasa' is wn ite in appearance. Hence it is signific ant 

that the pane1.ists did not show any differ ence since they all exposed 

CO.luurs of the products. Treatments given to the products also did not 

show any variat iOll in c01.uur accept abi1.ity. Sprouted corn, cOrn dough 

(fermented), ste<Ulled cowpea flOUr product Was high.ly accepted in terms 

of' co .lOur. 

FLAVOUR 

The re5.1.1.ts are in Table 9. The llNOVA sum:nary shONs that, there is 

no variation in neither pane.l ists nor treatments given to the pl!Oducts 

in terms 01' f1.avour. This can be exp1.ained that, the pantl1.ists conrulID 

fermented, ma.l.ted and roasting foods. Tho rOasted fouds consumed arc 

roasted groundnut and maize hence they are used to the f1. avour. Fermented 

foods consumed included Kenkey, I kOko l , Fante Kenkoy etc. Therefore the 

consumers are used to the flavour of these treatmen~s §jiven to the pro­

dUcts. This is alsO in .line with the aim of the project i. e. to deve1.op 

product not quite diffe~'ent from what is 1.Oc a.l1.y consumed. In terms of 

flavour the rOasted corn (25 minutes), rOasted groundnut, steamed cowpea 

f .lOUr Was high1.y accepted. The accept 8bH ity can be due to changtls 

occuring to deve.lOp 1.f1.avour. 

CONSIST!l'<CY 

The ANuVA rummary on consistency is given on 'i'able 10. 

The anal,ysis shOSs thft there is sign'i..ficant difference in the treatment 

given to the pruducts. The panolists did not sho.v any significant difference 

at 5pb level. hen least signif1.cancc difference tests ( .LSD) was 
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conducted, it shoNed th at the di1'ference between sprouted corn and 

rOasted was not significant. Also the difference between fermented cOrn 

dough and roasted corn Was not significant at all. to affect consistency. 

However, the difference between sprout ed corn and fermented cOrn dough 

was found to be significant . This difference is expected because the 

microorganisms acting on corn dough make the nutrients more available 

and the starch when cooked, gelLed. The sprouted cOrn had x- and B- arqyloses 

acting on the starch to lOIN mOlecul.ar weight compounds e.g. maltose, 

dextrin etc. These compounds do not absorp much water hence reduce bulk. 

The fermented dough however absorbs a lot of water. Hence the consistency 

Was not expected to be the same. This is in line with the cCIllilent one 

01' the panelists made that "some 01' the products are too watery hence 

made them unattr active". This Sh(}dS that the consistencies were not the 

same for all products th uugh the same anount of water Was added to them. 

Fermented cOrn dOUgh, steamed covvpe a and steamed groundnut product Was 

howe ver the mOst accepted product in terms 01' consistency. 

G ENliRAL ACCl!Pl' JJHLITY 

The ANUVA summary is presented on Table 11. Itt shOWs that all the 

products were accepted by the panelists . The panelists did not show any 

signi.f"icant difference in general acceptabUity of the products . The 

treatlllBlnt given to the prOducts also did not affoct the overall acceptability 

of the products to any approciao.le extent . The highly accept ability of 

these products will. make them gOOd wean ing foods. But it IIlUst be stated 

here that, all the potential consumers were representod during the sensory 

8yaluation. Most 01' them RI"C not potential cunsumers 01' ]I: weaning foods 
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Therefore the high.ly acceptabi.1ity of these products shown by the pane.lists 

does not guarantee the product to be highlY market nble. It is poss ible 

th at the pane.list be.1ong to certain community who .l ike the type of treat­

ments given t o the products. The prOduct containing sprouted corn, 

steamed cowpea, steamed groundut Was the mOst acceptable product . 

CONCillSIUN 

ChemicaJ. and functional properties of the cer(·a1-.legume prOdUcts 

shCM'ed that, prt:treatments of the corn, cONpea and groundnut prior to 

bJ.ending signific antly infJuonce the properties of the prOducts. Processing 

treatments such as roasting, sprouting, fermcntatiun, steaming and drum 

drying greatly determined the mOisture, protein, fat , cCl.1cium and Crude 

fibre contents of the products. The }.iroducts gonera.lJ.y have high protoin 

and fat contont and hence qUaJ.ified to De used as weaning fOOd. The drum 

drying IU' the pre-ge.latinized products makes tho products more convonient 

for ignorant mothers especiaJ..ly illiterate mothers and thoso whu are alVl' ClYs 

occupied with their daily business and don't have timo to COOk for their 

i{}i' ants . These products can bo used to alJ.oviate SOr.lf) of the protein­

energy mutr itiun pro oJ.ems facing some communities. 

Tho moisture content or the oJ.cnds Was generalJ.y 10.'/ due to the use 

of drum drier. This indicates that the 'prOducts have gOOd storage stnbUity 

When packaged properly . lOwor moisture Was observed in pruduct c unt aining 

fermented corn dough. Increasing rOasting time decrease moisture content 

of the products. 5 sprOuted corn pro ducts s.~o.ved higher moisturv coutent . 

at('r obserVEltion as found to be higher at 7UoC than at 2,1°C except 

prOduct containi.ng forment cd corn dough. The Obser ved decrease in water 
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absorption of the cOrn dough product at 7uoC Was due to damage of the 

starch granules due to the high heat treCltment of the" drum drier. 

This product therefore can be best used with cOl.d water. The water absorp­

tion of the roasted b.lends decreased with increasing rOasting time. 

Swe.L.Ling Of the pro ducts Was higher at 7U
o

C than 2) °c except corn dough 

products. Thh decreased in swe.L.Ling Was due to damage to the starch 

grains. HaNever, the corn dough product showed highest swe.Li ing capacity 

at 2)°C due to favOUr8b.Le changes induced on the starch granules. The 

swell.ing of rOasted COrn products decreases with increasing time of roasting. 

The sprouted corn, cowpea f.Lour product show the highest swe.L.Ling at 7u oC. 

In general the products sweLled mo,Jerate.ly. As a weaning food, high 

swel.Ling will. lead to th ick viscosity of products hence .Less wi.l.L be 

consumed at a meal.. 

Cooked paste viscosity characteristics shaHS tr:.at increasing roast ing 

time of corn in the blend maY increase the pasting temperClture and decrease 

peak viscosity. NO viscosity change during COOking Was formed in prodUcts 

containing sprouted corn. This is pOssibly due to amy.Lose Clctivity on 

starch. This shOlvs thClt germinated grains can decrease the bU.1.kiness of 

weaning food. tly adding germinated cerea.i flour to gruel.S or porridges 

prepared from ungerminated f\t suit,ble temperClture, mothers can attain 

liquid and semi-liquid or free flouring consist encies ade'-iuate for feeding 

thQir infants. The energy density ml'\Y p~so increase by such al'l'licCltion. 

Nutrients are a.isO concentrfltcd and rna le availflble whr·n germinated seeds 

are used. 

The calcium content of the products is very 10'1 compared to the 

recolIIID n d daily alJ.C7Rance is ued by FAU/ Hu. The products therefore 
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needs Calcium substitution. Fish with bones can bc uspd to fortify 

the pr oducts to raise their calcium .Leve.L. Also prior to drum drying, 

CU(;u.3 c an be added to increase the calcium cont ent. 

The fibre content of' the products are generaJ.J..y .LOW hence wi.l..L 

not interfere with the absorption of the nutrients. 

l<'rom the sensory evaluation, al.L the products were high.LY accepted 

in terms of cOJ.our, f.Lavuur, taste and gpnera.L.--:: acceptabi.Lity. The 

consistpncy of the products oilly showed vari at ions and this Was expected. 

\ ith the variat ions in consistency the pro duct scan s;:rve differc·nt purpo ses 

as weaning food. 

RECOMMENDATIUNS 

1. The weaning foods pre}lared should be fed to .Laboratory animalS 

to determine the bioJ..ogiCa.L value of' the products. 

2. Nutritional evaluation of' tho products to determine amino acid 

composition and digestibi.Lity since the heat treatment by drum 

drying is high to deplete "ome essential amino acids. Theref'ore 

avai.LabJ.e .Lysine shOuld b(J determined on the prOdUcts • 

.3 . Studies on trypson inhibitor activity in the cowpea and af.Latoxin 

in "the groundnuts befOre processing and after drum drying. 

4- . suplod('mentation of' the }'roducts with high cfllcium product is 

recommended. 
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APPENDIX I 

QUESTIuNNAlRE FOR HEDONIC SCALE 

......... , .....••.••..•....... Date •••••••••••••••• 

li:valuate these food samples for colour, flavour, taste, consistency and 

general acceptability using Hedonic scale on the terms pro vided. Use 

the oodes on the samples for the evaluation. 

Colour Flavour Consis- Taste General 
tenoy Ac c ept ability 

Like extremely. 

Like very moh 

Like moh 

.Like moderately 

Neither 11.1<&9 nor 
dislike 

Dislike mOderately 

Dislike web 

Dislike oxtreme~ 

Comment 8 ••••••••••••••••••••••••••••••••••••••••••••••••• •••••• ••••• 

••.•.•••.•..••••..........•........................•................. 
••••••••..•..........••........•.....•...........•..•....••.......... 
••••.•••..•.•.........•......•..........•...........•................ 
•••••.••••.•..•.•.•.........•......•.........•...•................... 
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cu wUR P ANELISTS/S CORE 

St.MP LB 2 3 

.A 

.D 

C 

D 

E 

F 

G 

H 

7 

5 

6 

5 

5 

4. 

9 

5 

5 

6 

4. 

5 

7 

7 

8 

8 

6 

5 

5 

6 

4. 

3 

7 

7 

4-

7 

9 

7 

2 

5 

6 

.5 

9 

53 -

APPENDIX 2 

5 

4. 

6 

9 

6 

5 

8 

5 

4. 

6 

6 

8 

5 

8 

7 

5 

7 

b 

7 

5 

4. 

4. 

5 

b 

3 

8 

7 

8 

4. 

6 

5 

4. 

5 

3 

6 

7 

9 

9 

6 

8 

6 

4. 

7 

5 

4. 

A == ROasted Corn: Roasted Groundnut: Cowpea Fl.our (steamed) 

7 

4. 

6 

5 

5 

6 

8 

5 

11 == ROasted Corn ( 10 minutes): ROasted Groundnut: Cowpea (steamed) 

Tot al 

6u 

59 

59 

52 

53 

52 

66 

62 

C == Roasted Corn (20 minutes): Roastc·d Groundnut: CQrvpea Four (steamed) 

D == !lprouted Corn: Cowpea Fl.uur (steamed) 

E == sprouted Corn: steamed Groundnut: Cowpea Flour ( steamed) 

1<' == ROasted Corn (!> minutes): ROasted Groundnut: ROasted Cowpea 

IT Corn dough (fermented): sprouted Corn: Cowpea F 1. our (steamed) 

H == Corn dough ;:iteamed Groundnut: Cowpea Fl.our (steamed) 
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FLAVOUR 

SAMPLE 

2 3 4-

A 8 5 5 3 

Jj b 8 4- 7 

c; 5 7 7 9 

D 7 5 5 8 

E 7 4- 3 b 

Ii' 4- 7 I 4-

G- 8 b b 9 

H b 8 4- 2 

- ?II- -

J..PPENDIX 3 

PANlLISTS/SCURE 

5 b 7 8 

b 7 7 b 

I 8 4- 5 

9 8 b 5 

8 4- 3 4-

b 4- 5 3 

5 4- b 4-

3 5 5 6 

3 5 8 I 

9 1u Total 

4- 9 60 

5 b bO 

9 5 70 

6 7 57 

6 8 52 

5 4- 50 

8 8 b4-

7 6 56 

University of Ghana http://ugspace.ug.edu.gh



- 55 -

.APPENDIX 4-

SJ.,MPLE P ANEl..ISTS/SCORE 

2 3 4- 5 b 7 8 9 10 Total 

A 7 8 6 3 4- 7 8 5 5 8 b1 

b 6 7 4- 7 7 8 3 ) 7 b 58 

C 5 6 7 e 7 9 6 4- 6 4- 63 

D 9 6 5 8 8 b 4- 5 7 9 66 

E 7 8 7 4- 9 6 5 b 9 7 68 

F 4- 5 4- b 9 5 4- 3 8 5 53 

u- 8 b 5 9 b 4- 7 4- 4 7 60 

H b 4- b 2 b 4 7 4- b 6 51 
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bPPENDIX 5 

CONSISTENCY 

SJ..MPLE P ANE.LlSTS/SCURE 

1 2 3 4 5 b 8 9 10 Tot al 

A 9 8 7 6 4 9 6 5 6 8 68 

jj 4 6 4 9 3 8 3 3 5 4 49 

C 5 4 4 8 7 h 5 4 8 5 55 J 

D 7 6 5 6 4 9 3 5 5 6 56 

E 4 5 4 3 3 4 4 6 6 7 46 

F 6 5 5 4 7 5 5 4 8 5 54-

LT 8 7 6 .3 8 6 4 5 9 6 62 

H 6 8 8 9 9 5 6 7 8 5 71 
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Jlf'PENDIX 6 

GENERAl. ACCrPl' Al3ILITY 

SAMPLE P .4 NELl STS/S CORE 

2 3 4- 5 6 7 ti 9 10 Tot al 

A 8 6 3 7 4- 5 b 5 5 9 58 

.ti b 5 3 9 5 ( .3 ~ b 7 55 

c 5 9 4- 7 b 5 5 5 ~ 5 53 

D 9 8 5 3 8 ( 3 5 b 9 63 

E 7 8 b 7 7 7 7 6 9 5 65 ..J 

F 4 7 4- 4· 7 4 4- 4- 8 7 53 

G 8 6 5 2 6 b 4- 4- 8 8 57 

H 0 ~ 0 9 4- 4 8 6 5 5 58 
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