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IX

Abstract

Thisstudywasconductedforthepurposeofmakingbreakfastflakes

from pearlmilletflourandmaizeflour(gluten-freebreakfastflakes).

Theapproximatedietaryanalysisofwholemilletflourwasperformed

andcontained15.33% protein,5.42% fat,0.98% fiber,3.38% ash,

10.94%moisture,63.26%carbohydrates.

Twosamplesofbreakfastflakesweremadeindifferentproportions

asfollows:

100%pearlmilletflour,50%pearlmilletflourand50%maizeflour.

Thechemicalingredientsofeachtypeofbreakfastflakeswerealso

studiedandthestudyprovedthatbreakfastflakeswithahigher

percentageofpearlmillethaveahighnutritionalvaluecomparedto

theothertypes.

Sensoryevaluationofonlymilletbreakfastflakesgainedthehighest

scoreofgeneralacceptability.
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ةساردلا صخلم

ةرذلا قيقد و يؤلؤللا نخدلا قيقد نم راطفإ قئاقر ةعانص ضرغب ةساردلا هذه تيرجأ

.( نيتولغلا نم (خيلا ةيماشلا

ىلع يوتحي ناكو لماكلا نخدلا قيقدل ةيئاذغلا رصانعلل يبيرقتلا ليلحتلا يرجأ دقل

%63.26، ةبوطر %10.94، دامر %3.38، فايلأ %0.98، نهد %5.42، نيتورب 15.33%

. تارديهوبرك

كالآيت: ةفلتخم بسنب راطف الإ قئاقر نم ناتنيع ةعانص تمت

. ةيماش ةرذ قيقد و%50 يؤلؤل نخد قيقد %50، يؤلؤل نخد قيقد 100%

نأ ةساردلا تتبثأ ثيح راطف الإ قئاقر نم عون لكل ةيئايميكلا تانوكملا ةسارد تمت اضيأ

عاون بالأ ةنراقم عةيلا ةيئاذغ ةميق تاذ نخدلا نم ىلعأ ةبسن ىلع ةيوتحملا راطف الإ قئاقر

. ىرخ لالاؤلاالأ

يف مييقت ىلعأ ىلع تلصح دق طقف نخدلا نم ةعونصملا راطف الإ قئاقرل يسحلا مييقتلا

. ماعلا لوبقلا
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CHAPTERONE

INTRODUCTION

Celiacdisease(CD)isacommonmulti-system autoimmunedisease,

affecting approximately 1% 0fworldwide.Predisposed individual

developanimmuneresponsetogluten,aproteinfoundinthecereal

grain:wheat,barleyandray.Autoimmuneintestinaldamageisthe

cardinalfeatureofCD,andtypicallyinvolvesvill0usatrophy,crypt

hyperplasia,and increased intraepitheliallymphocytes.Symptoms

maybesubclinicalvaryingfrom gastrointestinal upsetto severe

mal-absorption.Skin,nervoussystem,andmultisystem involvement

isalsorecognized.Strictavoidanceofgluten-containingfoodscan

reverse both enteric and extra-intestinalmanifestations ofthe

disease CD unique in that its treatment consists of dietary

intervention:lifelongexclusionofgluten.Aglutenfreediet(GFD)is

highlyeffectiveatimprovingsymptomsofCD inthemajorityof

patient.Neverthelessasignificantremainssymptomaticandlackof

strictadherence to GFD is primary cause (Carlo Catassiand

AlessioFasano,2014).

Bakedproductisappliedtoawiderangeoffoodproduct,including

breads,cakes,pastries,cookiesandmanyotherproducts,anditcan

bedifficulttoidentifyacommonthreadlinkingthememberofsucha

diversegroup.Themostcommonly-identifiedlinkisthattheyalluse

recipesthatarebasedonwheatflour.Thisdefinition,though,would

needtobeexpandedtoincludebakedgoodssuchasgluten-free

product,usedbypeoplewithceliacdigestivedisorders,orryebread,
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whicharestillconsideredtobebakedproducteventhoughtheyare

based oncerealsotherthanwheat(StanleyP.Cauvain,LiodaS

Young,2006).

Pearlmilletisoneofimportantmilletgrownintropicalandsemiarid

regionoftheworld.MilletisindigenousAfricancerealsthatunlike

wheatorricearewelladaptedtoAfricansemiaridandsubtropical

agronomiccondition.Milletgrowsunderdifficultecologicalcondition

andtoleratepoorsoilandacertaindegreeofdroughtbatterthanany

othercerealcrop(Obilana,2003).Pearlmilletisagoodsourceof

protein,mineralsandenergyexceptlysinedeficiency,pearlmillethas

well-balancedprotein,withhigherthreonineandlowerleucinecontent

thansorghum protein.

l-balancedprotein,withhigherthreonineandlowerleucinecontent

thansorghum protein.Tryptophanlevelsaregenerallyhigherinpearl

milletthaninothercereal(ChungandPomeranz,1985).

Mazeisindeedastrangeandmarvelousgrass.Strangebecauseby

humanselectiontheplantcannolongersow itsownseedsandis

thereforedependentonhumancarsforsurvive,andmarvelousnot

onlybecauseofitsstatelystaturebutalsobecauseofitsimportance

asafoodplant.Thereisalsoamysterytocorn,becauseitisoneof

themoststudiedplantsonthisplanet,yetwecannot20+accounts

withcertaintyforitscompleteorigin.Theoneaspectthatstudentof

thisplantagreeonisthatcornistheplantoftheAmericas.Atthe

timeColumbus,cornwascultivatedfrom GaspeinCanadatoChilein

South American,mostlyon forestland thatcould becleared by

salash-and-burnagriculturefollowedbyseveralyearsoffallow (C.
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WayneSmithetal.,2004).

Cornflakesareoneofthemostpopularbreakfastcerealsinthe

world.AccordingtotheKelloggCompany.itisprobablethatmost

modern-daycerealeatersdon’tassociatetheirmorningmealwith

realgoing,butcornflakesstartedlifeashealthlife.

GeneralObjective:

Usingpearlmilletflourtoproveaproductwithhighnutritionalvalue

tothosesufferingfrom wheatallergy.

SpecificObjective:

1.Todeterminetheproximatecompositionofpearlmillet.

2.Todeterminetheproximatecompositionofbreakfastflakesfrom

pearlmillet.

3.Toevaluatetheorganolepticcharacteristicsofbreakfastflakes.
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CHAPTERTWO

LITERATUREREVIEW

2.1Pearlmillet:

Theterm “millet”isappliedtovariousgrasscropswhoseseedsare

harvestedforhumanfoodoranimalfeed.Sorghum iscalledmilletin

manypartsofAsiaandAfrica,andbroomcorniscalledbroom millet

inAustralia.Comparedtoothercerealgrains,milletsaregenerally

suitedtolessfertilesoilsandpoorergrowingconditions,suchas

intenseheatandlowrainfall.Inaddition,theyrequireshortergrowing

seasons.ThemostcommonmilletsgrowninNew Mexicoinclude

foxtailandhybridpearlvarieties.Milletsaregenerallyconsidered

minorcropsexceptinpartsofAsia,Africa,China,andtheSoviet

Union.Asagroup,milletsareusedforbothforageandgrain.When

usedasgrain,theyareconsideredacereal,butintheUnitedStates

theyhavelostagreatdealofimportanceinfavorofothercereal

cropssuchaswheatorrice(R.D.Baker,2003)

2.1.1Classification:

Kingdom:plants

SubKingdom:Tracheobionta(vascularplants)

Superdivision:Spermatophoto(seedplant)

Division:Mangnoliophyta

Class:Liliopsida.Monocotyledons
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Subclass:Commelinidae

Order:Cyperales

Family:Poaceae.GrassFamily

Genus:Pennisetum.Fountaingrass

Species:Pennisetum glacum (Baker,2003)

2.1.2Originandhistory:

Thenativehomeofpearlmilletisnotknown.Itbelongstoagenusof

grasses{Pennisetum)whichiswidelydistributedintropicalandsub-

tropicalregionsoftheOldWorld,andtoalesserextentinSouth

AmericaandCentralAmerica.From thenumberofspecieswhich

occurinAfrica,andtheextenttowhichpearlmilletiscultivatedthere,

itseemsprobablethattropicalAfricaisitsnativehome.InIndiaand

adjacentregions,inArabia,inEgypt,andinallthewarmerpartsof

Africa,ithasbeenknownincultivationformorethanthreehundred

yearsasaforageandfoodplant.Thegrainisusedverylargelyfor

humanfoodandthewholeplantforforage.Itisalsocultivated

extensively in southern Europe.Itwas probably carried by the

SpaniardstoMexicoandSouthAmericaataveryearlydate.The

specimendescribedbyClusiusin1601wassupposedbyhim tohave

comefrom Peru.Pearlmilletwasveryprobablyintroducedintothe

United Statesin theearlyfifties,atoraboutthesametimethat

sorghum wasbroughttothiscountry.Ithascertainlybeencultivated

intheSouthernStatessincethattime.Littleattentionwaspaidtoit,

however,anditwasnotuntil1875orlaterthatitscultivationbecame

atallgeneralinthatsection.In1878afew samplesofseedwere
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sentoutfrom theUnitedStatesDepartmentofAgriculturetoprivate

experimentersin severalwidelyseparated States.Mostofthese

experimentersreturnedveryfavorablereportsofitsgrowthandvalue

(CarletonR.Ball,1903).

2.1.3Sudanesepearlmillet

PearlmilletisgrowingintheSudanonthesandysoilsofDarfurand

Kordofan and in upperNile,BahrElgazaaland Equatoria.Itis

cultivatedinsmallpeatchesinDamazin,GedarifandGezirastatesin

somepartsoftheeasternandSouthEaststateitisproducedonclay

plainsunderrains.However,Pearlmilletismajorcerealcropsin

western Sudan.Over90% ofSudanese pearlmilletisgrowth in

kordofanandDarfurstates(HassanandHussein,2015).

2.1.4Uses:

2.1.4.1PearlMilletusedasfood:

Hisgrowmainlyforthegrainwhichservesasthestaplefoodforthe

inhabitantsofthosepartsofthecountry.Thegrainisgroundedinto

flourandeatenasbread,porridgeandnativebeers(Dep.Agricultural

Economics,Annualreport,2004).

2.1.4.2Healthbenefitsofmillets:

2.1.4.1Milletsanddiabetes:

Lowerincidencesofdiabeteshavebeenreportedinmillet-consuming

population.Milletphenolinhibitslikealpha-glycosidase,pancreatic

amylasereducepostprandialhyperglycemiabypartiallyinhibitingthe

enzymatic hydrolysis ofcomplex carbohydrates (Shobana etal.,
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2009).Inhibitorslikealdosereeducatespreventstheaccumulationof

sorbitolandreducetheriskofdiabetesinducedcataractdiseases

(Chethanetal.,2008).

Finger millet feeding controls blood glucose level improves

antioxidantstatus(chethanetal.,2008)andhastensthedermal

woundhealingprocessindiabeticrats(Rajasekaranetal.,2004).

2.1.4.2Milletsandceliacdisease:

Celiac disease is immune-mediated enteropathytriggered bythe

ingestionofgluteningeneticallysusceptibleindividuals.Milletsare

gluten-free,thereforeanexcellentoptionforpeoplesufferingfrom

celiacdiseaseand gluten-sensitivepatientsoftenirritated bythe

glutencontentofwheatandothermorecommoncerealgrain(Saleh

etal.,2013).

2.1.4.3Milletsandcardiovasculardisease:

Milletsaregoodsourcesofmagnesium thatisknowntobecapable

ofreducingtheeffectofmigraineandheartattack.Milletsarerichin

photo-chemicalscontainingphaticacidwhichisknownforlowering

cholesterol.(Coultably etal.,2011)Fingermilletmay prevent

cardiovascular disease by reducing plasma triglycerides in

hyperlipidemicrats(leeetal.,2010).

2.1.4.4Milletsandcancer:

Milletsareknowntoberichinphenolicacid,tannins,andphytatethat

actas“antnutrients”however;thesenutrientsreducetheriskfor

colonandbreastcancerinanimal.Itisdemonstratedthatmillet
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phenolicsmaybeeffectiveinthepreventionofcancerinitiationand

progressioninvitro(Chandrasekharandshahidi,2011).

Thestrawisusedasanimalfeeding,fuelandformakingfencesand

thestalksareused forthatching and building (Dep.Agricultural

Economics,Annualreport,2004).

2.1.5Nutritionalvalue

Thenutritionalpropertiesofpearlmillethavereceivedmoreattention

thatthoseoftheothercommonmillets,becauseitisthelargest-

seeded,mostwidelygrowntype(Hoseneyetal.,1989).Pearlmilletis

low inlysine,tryptophan,threonineandthesulfur-containingamino

acids.Inanevaluationofseveralcereals,methioninecontentwas

foundtobehighestinprosody,followedbysorghum,pearlmillet,and

maize.

Theleveloflysinecontentofpearlmilletgrainonadraymatterbasis

was0.357%,21%greaterthancornand36%greaterthanlow-tannin

sorghum (Sullivanetal.,1990).Withicrearisingprotein,lysineasa

percentofproteindecreases,butasyieldsgoup,thetotallysineper

hectarewillincrease.Generallytheaminoacidprofileofpearlmillet

comparesfavorablywiththatofwheat,barleyandrice(Hulseetal.,

1980).Seedproteinsofpearlmilletsshowedtheessentialaminoacid

leucineisthehighest,butthreonine,lysineandthesulfurcontaining

aminoacidwerelower.Theresultsindicatethatthisgrainhasagood

nutritivevalue(Basahy,1996).

Biologicalvalueofmilletproteinalonewas63.8andwas84.2when

supplementedwithlysineandthreonine(Nishizawaetal.,1989).



9

Sorghum andmilletcultivarswereevaluatedfornutritivevaluesas

affectedbymaturity,resultsindicatedpositivelywithligninandother

cellwillconstituents,butnegativelywithcrudeprotein,degradability

ofdry meta and inorganic nutrients.There was no significant

deferencein thenutritivevaluesofsorghum and milletcultivars

(Agangaetal.,1996).

Incomparisonbetweensorghum andpearlmillet,thephosphorus

contentwashighinbothgrainswhilecalcium waslow;alsothey

werelowinsulphuraminoacidandlysine.Sorghum andmilletwere

similarintheirproximateconstituents(Nwokolo,1987).

Millingofpearlmilletgrainsaffecteditsgrosscomposition,while

millingandheattreatmentduringchapatti(anunleavenedbread)

making significantly lowered polyphenols and phitic acid and

significantlyimprovedtheproteinandstarchdigestibilites,butbaking

didnotsignificantlyaffectthenutrientcontentofrow pearlflour

(Chowdhuryandpunia,1997).

2.1.6Chemicalcompositionofpearlmillet

Themoisturecontentofpearlmilletrangedfrom 7.8to14.2% as

reportedby(Hoseney,1986).ThemoisturecontentoflocalSudanese

milletvarietiesranged from 10.6 to 11.7% asreported bykhatir

(1990).Eltayeb (2006),reported values of5.4% and 6.48% for

moisturecontentoftwoSudanesepearlmilletcultivars.

Amongmilletcontainsahigherproteincontentandbetteraminoacid

balancethansorghum.Largevariationinproteincontentfrom 6%to

12%hasbeenobserved(Serna-Saldivaretal.,1991).Thehigherratio
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ofgerm toendosperm wasfoundtoberesponsibleforthehigher

proteincontentofpealmillet(Dendy,1995;Abdullahetal.,1998and

Subramanianetal.,1986)reportedthattheprotein contentofpearl

millet genotype ranged from 8.5 to15% and from 8.6

to15.6%,respectively.Abdullah (2003) reported 12.5 and 13.6%

proteincontenttwopearlmilletcultivars.Khatir(1900),foundthe

proteincontentoflocalSudanesevarietiesrangingbetween14.2to

15.5%whichishigherthansorghum maizeandrice.

Pearlmilletvariesinashcontentfrom 1.2to3.4%Bartonetal.,(1972)

gaverangefrom 1.46%to3.88%.ForSudanesecultivarsAbdullahet

al.,(1996),reportedarangefrom 1.6to2.4% fortwopearlmillet

cultivars.Eltinayetal.(2005)reported1.8%and1.6%andashcontent

fortwopearlmilletcultivars.

ThefiberofSudaneselocalvarietiesrangedfrom 3.18% to3.67%

(Khatir,1990).Eltinayetal.(2005)reported2.4and8.6%fiberfortwo

pearlmilletcultivars.Abdullah(1996)reportedvaluesbetween2.6%

to4%fibercontent.

Incontrastofothercerealpearlmillethashighestcontentduetothe

largeproportionofthegerm totheendosperm.Ether-extractable

lipidsrangedfrom 3to7.4%theyaremostlyinthegerm (Hulseetal.,

1980).Eltinayetal.(2005)investigatedtwopearlmilletcultivarsand

reported6.1%and5.4%oilcontent.

Hadimanietal.(1995)foundoilcontentintherangeof3.4to7.4%.

Ingeneralcarbohydratecomponentisabout75% ofthecontentof
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cereal.Thecerealmajorgroupsofcarbohydratearesugar,starches

andcelluloseandrelatedmaterials(Hulseetal.,1980).Abdullahetal.

(1998)statedthatthecarbohydratecontentofpearlmilletranged

from 58.5% to70.67% fortenpearlmilletcultivars.Eltayeb(2006)

investigated two pearlmilletcultivars and reported 73.67% and

68.55%carbohydratecontent.
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2.2Maize

Maizeisindeedastrangeandmarvelousgrass.Strangebecauseby

humanselectiontheplantcannolongersow itsownseedsandis

thereforedependentonhumancarsforsurvive,andmarvelousnot

onlybecauseofitsstatelystaturebutalsobecauseofitsimportance

asafoodplant.Thereisalsoamysterytocorn,becauseitisoneof

themoststudiedplantsonthisplanet,yetwecannotaccountwith

certaintyforitscompleteorigin.Theoneaspectthatstudentofthis

plantagreeonisthatcornistheplantoftheAmericas.Atthetime

Columbus,cornwascultivatedfrom GaspeincanadatoChilein

SouthAmerica,mostlyonforestlandthatcouldbeclearedbysalash-

and-burnagriculturefollowedbyseveralyearsoffallow (C.Wayne

Smithetal.,2004).

2.2.1OriginandHistory

Maize domesticated in southern Mexico around 4000 BC.Early

civilizationoftheAmericasdependedonmaizecultivation.Whenthe

EuropeansarrivedintheAmericas,maizehadalreadyspreadfrom

ChiletoCanada.MaizewasreportedforfirsttimeinwestAfricain

1498,six years afterColumbus discovered the westIndia.The

Portuguesebroughtflourygraintypefrom centralandSouthAmerica

toSaoTome,from wheretheyspreadtothewestAfricancoast.

PortugueseandArabtradersintroducedCaribbeanflintmaize.The

U.S.CornBeltmonoculturethatreplacesthetallgrasslandofthe

midcentralUnitedStatesisrecentlydeveloped(ca.150years)corn-

productionregionwithitsownlandrace.CornBeltdent.Cornisthis
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country’ssinglelargestharvestanda$25billionfarm product.The

Unitedstatesproduct40%oftheworld’scornharvest,andittakes25

cornplantsperpersonperdaytosupporttheAmericanwayoflife.

Thisplantisfoundinmorethanthebreakfasttable.Cornoilisinthe

margarine,corn syrup sweeteners in the marmalade,corn syrup

solidsintheinstantnondaidrcoffeecreamer,andcornwasfedtothe

cowsthatmadethemilk(C.WayneSmithetal.,2004).

2.2.2ChemicalComposition

The composition ofmature white maize grain per100 g edible

portionis:water(10.4g),energy(1527kj(365kcal)),protein(9.4g),

fat(4.7g),

carbohydrate(74.3g),dietaryfiber(7.3g),Ca(7mg),Mg(127mg),P

(210mg),Zn(2.7mg),thiamin(0.39mg),riboflavin(0.20mg),niacin

(3.6mg),vitaminB6(0.62mg),folate(19µg),andascorbicacid(0)

(C.WayneSmithetal.,2004).

2.2.3Nutritivevalue

Maizeprovidesapproximately1400Kcal/100 g(onadrybasis)of

energythatissufficienttomaintaintheequilibrium.Thisenergyis

alsousedtoperform differenttypesofphysiologicaltask.Maizeor

corncanbeconsumedasasourceofenergyintheform ofbreakfast

cerealsascornflakes,chapattis,tortillas,etc.Maizealsocontainsan

appreciableamountoffatcontentthathelpsinthecarrieroffat-

solublevitaminsA,D,EandK. Thepresenceoffatinmaizeorcornis

responsibleformuchofthetextureandflavoroffood.Thusithelps

inincreasingthepalatability.Thefatcontentbeneaththeskinknown
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asthesubcutaneousfatalsoservesasaninsulatingmaterialforthe

bodyandiseffectiveinpreventingheatloss.Moreover,fatcontent

also acts as a bodyreservoirforenergyconservation purpose.

Anotherimportantcomponentinmaizeafterfatisdietaryfiberandis

defined astheportion offood derived from plantcell,which is

resistanttohydrolysisordigestionbytheelementaryenzymesystem

inhumanbeings.However,someofthebacteriainthelargeintestine

candegradesomecomponentsoffiberreleasingproductsthatcan

beabsorbedintothebodyandalsousedasasourceofenergy.

Crudefiberistheresidueremainingafterthetreatmentwithhot

sulphuricacid,alkaliandalcohol.Themajorcomponentofcrudefiber

is a polysaccharide called cellulose and a partofdietaryfiber.

Insolublefibersareindigestibleandinsolubleinwater,whilesoluble

fibersareindigestiblebutsolubleinwater.Totalfiberisthesum of

insolubleandsolublefibers.Dietaryfiberisisolatedandextracted

from asyntheticfiberthathasprovenhealthbenefits.Resistant

starchalsofunctionsasdietaryfiber[6,7,8].

(Totalfiber=dietaryfiber+functionalfiber)

Theeffectoffiberonthegastrointestinaltract(Table1)isinfluenced

by the characteristics ofthe fiberitself,the particle size,the

interaction between fiberand otherdietarycomponents and the

bacteriaflora.Maizealsocontainsasignificantquantityofinsoluble

fiberfoundinthecellwalloftheconstituent[9].Theinsolublefiber

presentinmaizeorcornhasaphysiologicaleffectinpreventing

constipation,diverticulitisandevencancerofthelargeintestineas

presented in Table2.Maizeisalso considered asaboosterof
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nutrientlikecarbohydrates,fats,proteinsandinsolublefibersthat

helpsinprovidingsufficientenergytomeetthehumandailydietary

requirements[10].Theproximatecompositionofmaizeispresented

inTable3.Maizecontains8–11% ofproteinthatismadefrom

differentcomponentslikealbumin,globulin,nonitrogensubstance,

prolamin,etc.The quality ofmaize protein depends upon its

agronomicpracticesand genotypeaswell.Thequalityofmaize

proteinisnotofgoodqualityascomparedtoothercerealgrainslike

rice,wheat,barley,etc.Recentresearcheshaveshownthatwith

geneticmodification,thequalityofmaizeproteincanbeimproved.

2.2.4Uses

Maizegrainisusedforthreemainpurposes:asastaplefood,asfeed

forlivestockandpoultry,andasaraw materialformanyindustrial

products.IntropicalAfricanearlyallmaizegrainisusedforhuman

food,preparedandconsumedinmanyways.Itmaybeeatenfreshon

thecobandsimplyroasted,butthegrainisusuallygroundandthe

mealisboiled into porridge orfermented into beer.The main

industrialproductsobtainedfrom maizearebreakfastproductssuch

ascornflakes,starch,sugarandoil.Themainproductisstarchthatis

usedforhumanconsumptionormadeintosyrup,alcohol,butalso

amongothersasaslaundrystarchandasasourcematerialformany

chemicalproduct.Unripecobsareconsumedasvegetableorgreen

maize,boiledorroasted.Veryyoungfemaleinflorescence(babycobs)

isafancyvegetableinWesterncountriesandinAsia.Thefiberand

steam andtheinnerleavessurroundingthecobaremadeintopaper.

Thesecobleavesareoftenusedtowrapfoods.Maizehasarangeof
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usesintraditionalAfricanmedicine(ShikhaBathlaetal.,2019.

2.3CeliacDisease

Glutenintolerance,CeliacDisease,andWheatAllergyitisdifficultfor

thosewhoeatwheatwithimpunitytotrulyrelateto,orunderstand,

theliveofthosewhohaveceliacdisease,glutenintolerance,orwheat

allergy.Observingtheshelfduringasimpletriptothegrocerystore

willdemonstratejusthow intertwinedourlivesarewithwheatand

othergrainssuchasbarleyandrye. Thehistoriesofwheatand

humansareindeedinseparableandhaveresultedinafoodsupply

thatcould be described as in hospitable to those who cannot

consumefoodscontainingwheat,rye,orbarleyoringredientsderived

from thesecommoncereals.However,recentinterestingluten–free

dietshasresultedinincreasedoptionandvarietyforthosewhoare

celiacpatientsorhaveglutenintolerance,eventhoughttheprimary

marketforceforthisproliferationhasbeenthosewhocaneatgluten

butareselectingagluten–freedietforthereasons.

Productrequirements forfoods marketed to those with celiac

diseasedonotdifferfrom foodsspecificallymarketedforgluten

intolerance.Despitethis,itisimportanttoproductdevelopersto

understand the differences between celiac disease, gluten

intolerance,andwheatallergybecausethesedifferencesgivecontext

totherequirementsoftheendconsumer(JefferyLCasper,William A

Atwell,2016)

2.3.1Gluten:

Commonwheatflourisapproximately7-15%ona14%moisturebasis.
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Mostproteininwheatcanbeconsidered“storageprotein”whichis

utilizedbythegerminatingandgrowingseedling.Proteinthatare

considered“gluten”makeupapproximately80%ofthetotalstorage

proteininthewheatkernel.The commonproteinfractioninwheat

include water-soluble protein (albumin ),protein s soluble in salt

solution (globulins),protein soluble in 70% aqueous ethanol

(prolamins),andproteinssolubleindiluteacidsandbases(glutelins)

(JefferyLCasper,William A Atwell2016).glutenisafundamental

componentfortheoverallqualityand structureofwheatbakery

products,particularlyyeastleavenedones.Theglutencomplexis

composedoftwomainproteingroups;gliadinandglutenin.Glutenins

areapparentlyresponsibleforthedough’sresistancetoextension

(Hoseney,1994).̀

2.3.2Symptomsofceliacdisease

Celiacdiseasehasnotypicalsignsorsymptoms.Mostpeoplewith

the disease have generalcomplaints,such as abdominalpain,

bloating,inter-mittendiarrhea,andstoolswithunusuallyfoulodoror

oilyconsistency.Celiac disease mayalso presentitselfin less

obvious ways,including irritability ordepression,anemia ,upset

stomach,jointpain,musclecramps,skinrash,mouthsores,dental

andbonedisordersandtinglinginthelegsandfeet(JefferyLCasper,

William AAtwell,2016).

2.3.3DiagnosisofCeliacDisease

Theonsetofceliacdiseasecanoccuratanyage.Itsdiagnosisis

oftentheendresultoflivingwiththeeffectsofthedisease;however,
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asymptomaticpeople should seektesting ifa relative hasbeen

diagnosedwithdisease.Afterreviewingthehealthanddiet,generally

thefirststepindiagnosisisaserologicalantibodytest.suchtests

requirethattheindividualsstillhavegluteninhisorherdiet,andfor

thisreason,individualswhosuspecttheyhaveceliacdiseaseshould

seekamedicalassessmentwhilestillcontestsareforanti-tissue

transglutaminaseandforantibodiestoimmunoglobulinsAandG.If

positive serologicaltestsindicate celiacdisease,biopsymaybe

performed.thebiopsyhelpsidentifythedegreeofdamagetothe

smaleintestine(JefferyLCasper,William AAtwell,2016).
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2.3.4 Nutritional Deficiencies and Related Condition

attributabletoceliacdisease

Peoplewithceliacdiseasedealtwokeyissuesregardingnutrition

intestinaldamagethatimpairsnutrientabsorptionandthenutritional

inadequacyofmuchgluten–containinggrains.Whiledamagetothe

smallintestinecanberesolvedthroughadherencetostrictgluten

–freefoodswithadequatenutritionisoftenpoor.

Thenutritionalprofilesofsuch foodsneed to beconsidered by

manufactures ofgluten-free products.Understanding nutritional

needsisanimportantaspectofgluten–freeproductdevelopment.

Unfortunately,manyglutenfreeproductsonthemarketdonothelp

alleviatethedeficienciesresultingfrom thedisease.Mostofthem

are starch-based on whole grains containing the micronutrient

densityandfiberthatwouldbeofgreatbenefittotheceliacpatient

(JefferyLCasper,William AAtwell,2016).

2.4Cornflaks

Cornflakesareoneofthemostpopularbreakfastcerealsinthe

world.AccordingtotheKelloggCompany.itisprobablethatmost

modern-daycerealeatersdon’tassociatetheirmorningmealwith

realgoing,butcornflakesstartedlifeashealthlife.

Thewholegrainiscrushedbetweenthelargemetalrollerstoremove

thebranfrom theouterlayerandthenmixedwithseasoningagents

(salt,sugar,flavors and fortified minerals)and waterin a large

rotatingpressurecooker.Thephysiochemicalpropertiesliketime,

temperatureandspeedofrotationvarywiththetypeofgrainbeing
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cooked.Thecookedgrainismovedtoaconveyorbeltwhichpasses

through a drying oven.In this process,softand solid mass is

obtained which can be molded into desired shapes.Then these

cooked grains are allowed to cool,and stabilizing the moisture

contentis known as ‘tempering’.Then the tempered grains are

flattenedbetweenlargemetalrollersundertonsofpressure,andthe

resultingflakesarefurtherconveyedtoovenswithblastofveryhot

airtoremovereamingmoistureandtotoastthem todesirableflavors.

Cornflakesarealsoprocessedfrom extrudedpelletsinasimilar

way(ShikhaBathlaetal.,2019).

2.5Bakedproduct

Bakedproductisappliedtoawiderangeoffoodproduct,including

breads,cakes,pastries,cookiesandmanyotherproducts,anditcan

bedifficulttoidentifyacommonthreadlinkingthememberofsucha

diversegroup.Themostcommonly-identifiedlinkisthattheyalluse

recipesthatarebasedonwheatflour.Thisdefinition,though,would

needtobeexpandedtoincludebakedgoodssuchasgluten-free

product,usedbypeoplewithceliacdigestivedisorders,orryebread,

whicharestillconsideredtobebakedproducteventhoughtheyare

basedoncerealsotherthanwheat.However,thesameleniencyof

definition could hardlybe extended to include meringues,which

containnocereal-basedmaterialatall,letalonewheatflour,their

main components being sugarand egg white.Itmaybe more

appropriatetoconsiderthatbakedproductarethoseproductswhich

aremanufacturedinabakery,thatistheplaceofmanufacturing
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definestheproductratherthaningredient,recipeorprocessfeature

(StanleyP.Cauvain,lindaS.Young2006).

One view is thatbaked products should be defined as having

undergoneheatprocessing–baking–whichcauseschangeinboth

form andstructure.Thisiscertainlytrueforthemanydifferentbase

productmanufacturedinbakeries.Someexceptiontothisdefinition

mightincludeChinesesteamedbreads,somesteamedpuddingsand

doughnuts,whicharefried,thoughalloftheseproductdoundergoa

heat-conversionprocess.Byusingthepresenceofaheat-processing

steptocharacterizebakerygoodswecancapturesomecomposite

product,such as fruitand meatpies,since the fillings in such

productsdoundergophysicalandchemicalchangesastheresultof

theinputofheat.Notcapturedintheheat-processeddefinitionof

thoseproductsMadeinbakerieswouldbethefillingandtoppings

thatareappliedorusedafterbaking.Inthiscategorywillfallcreams

andicings,eventhoughtheywillbecomepartoftheproductoffered

intheshoporstore(StanleyP.Cauvain,lindaS.Young2006).

2.6Gluten-freecerealfoods

Onlyafew studieshavebeenconductedonthenaturalqualityof

gluten-freefoods.Onestudy(Thompson,1996)assessedthethiamin,

riboflavin and niacin contents of gluten-free cerealfoods to

determine how they compared nutritionally to the enriched

gluten/containingproductstheywereintendedtoreplace.Ofthe64

gluten-freeproductassessedfornutrientcontent,39containedlower

amountsofthiamin,riboflavinandniacinthanthereenrichedwheat-

containingcounterparts.Fourteengluten-freeproductcontainedlower
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amountsoftwoofthenutrientsandsixcontainedlowamountofone

nutrient.Theenrichmentstatesof368gluten-freericeflours,breads

(ready/madeproductsandmixes),bastesandready-toeat-breakfast

cerealswasalsoassessed.Only35ofthisproductwereenriched,

including5of95breadmixes,26of157ready-madebreadproducts

and4of21readytoeatbreakfastcereal.Accordingtothecodex

standersforgluten-free foods,gluten-free foodsthatare dietary

staples(e.g.flour,bread)shouldcontainapproximatelythesame

amountofvitaminsandmineralsasthefoodstheyaresupposedto

replace (Joint FAO/WHO food standards Program, Codex

Commission,1994).Manufacturersofgluten-freecerealfoodshavea

widevarietyofgluten-freewholegrainstoworkwith,includingmillet,

wild rice,sorghum,round rice,whole-grain corn,buck wheat,

amaranth,quinoaandoats.Forthemostpart,thisgrainareallgood

sourceoffiber,ironandsomeBvitamins(EimearGallagher,2009).
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CHAPTERTHREE

MATERIALSANDMETHODS

3.1Materials

Pearlmilletflour,cornflour,andpackingmaterialswereobtained

from BahrylocalmarketSudan.Glucosesyrupwasobtainedfrom

Omdurmanlocalmarket.

3.2preparationofMaterial

Pearlmilletand maize grains were cleaned from any foreign

materialsandthenmillingtoflourbycommercialmill.Afterthatthe

flourswerepackedinpolyethylenebagsandstoreduntilneededfor

furtherinvestigation.

Sugar,salt,andbakingpowderwereaddedto108gofmilletflour.

Thenglucosewasaddedandmixed.Thenwaterwasaddedtoget

doughandshaped,thenbakedtheflakesnoven.Thebakedflakes

werecooledatroom temperature
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3.3Methods

3.3.1Theproximateanalysis

3.2.1.1Moisturedetermination:

MoisturecontentwasdeterminedaccordingtotheAssociationof

official’sanalyticalchemistsAOAC(2003)asfollows:Twogramsof

eachsamplewereweighedincleandryandpre-weighedcrucibleand

thenplacedinanovenat105C̊ andleftovernight.Thecruciblewas

transferredtodesiccatorsandallowedtocoolandthenweighed.

Furtherplacementintheovenwascarriedoutuntilconstantweight

wasobtained.Moisturecontentwascalculatedusingthefollowing

formula:

MC%= (W2-W1)-(W3-W1) ×100

W2-W1

Where:

Mc:moisturecontent,

W1:weightofemptycrucible

W2:weightofcruciblewiththesample,

W3:weightafterdrying.

3.2.1.2Ashcontent

Ashcontentofthesamplewasdeterminedaccordingtothemethod

ofAOAC(2003)asfollows:Tow gramsofsamplewereplacedina

cleandrypre-weighedcrucible,andthenthecruciblewithitscontent
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ignitedinamufflefurnaceatabout550cfor3hoursormoreuntil

lightgrayashwasobtained.Thecruciblewasremovedfrom the

furnacetoadesiccatorstocoolandthenweighed.Thecruciblewas

reignitedinthefurnaceandallowedtocoolinguntilaconstantweight

wasobtained.Ashcontentwascalculatedusingfollowingequation:

AC% = W2-W1 ×100

W3
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Where:

Ac:ashcontent.

W1:weightofemptycrucible.

W2:weightofcruciblewithash.

W3:weightofsample.

3.2.1.3Crudeprotein:

Crudeproteinofthesamplewasdeterminedbyusingthemicro-

KjeldahlmethodaccordingtoAOAC(2003)asfollows:

1.Digestion:

0.2gram ofsamplewasweighedandplacedinsmalldigestionflask

(50ml).About0.4gram catalystmixture(96% anhydroussodium

sulphate and 3.5% copper sulphate) was added,3.5 ml of

approximately98% ofH2SO4wasadded.Thecontentsoftheflask

werethenheatedonanelectricalheaterfor2hourstillthecolor

changedtoblue-green.Thetubeswerethenremovedfrom digester

andallowedtocool.

2.Distillation:

Thedigestedsamplewastransferredtothedistillationunitand 20

mlofNaOH(40%)wereadded.Theammoniawasreceivedin100ml

conicalflaskcontaining10mlof2% boricacid plus3-4 dropsof

methylredindicator.Thedistillationwascontinueduntilthevolume

reached50ml.
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3.Titration:

Thecontentoftheflaskweretitrated against0.02 N HCL.The

titrationreading wasrecorded.Thecrudeproteinwascalculated

usingthefollowingequation;

CP%= (T–B)xNx14x100x6.25

Wsx1000

Where:

CP =crudeprotein

T =Titrationreading

B =Blanktitrationreading

N =normalityofHCL

Ws =sampleweight

1000=toconverttomg

3.2.1.4Fatcontent:

FatwasdeterminedaccordingtothemethodofAOAC(2003)using

soxhletapparatusfollows:

Anemptycleananddryexhaustionflaskwasweighed.About2gram

ofsamplewasweighedandplacedinacleanextractionthimbleand

coveredwithcottonwool.Thethimblewasplacedinanextractor.

Extractionwascarriedoutfor8hourswithpetroleum ether.Theheat

wasregulatedtoobtainatleast15siphoningperhour.Theresidual

etherwasdriedbyevaporation.Theflaskwas placedinanovenat
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105°Ctillitdriedcompletelyandthencooledinadesiccatorsand

weighed.Thefatcontentwascalculatedusingthefollowingequation:

FC(%)= W2–W1 x100

Ws

Where

FC=Fatcontent

W1=Weightofextractionflask

W2=Weightofextractionflaskwithfat

Ws=Weightofsample

3.2.1.5Crudefiber:

CrudefiberwasdeterminedaccordingtoAOAC(2003).Twograms

ofdefattedsampleweretreatedsuccessivelywithboilingsolutionof

H2SO4andKOH(0.26Nand0.23N,respectively).Theresiduewas

thenseparatedbyfiltration,washedandtransferredintoacrucible

thenplacedintoanovenadjustedto105°Cfor18–24hours.The

cruciblethenwiththesamplewasweighedandachedinamuffle

furnaceat500°Candweighed.Thecrudefiberwascalculatedusing

thefollowingequation:

CF(%)=W1–W2 x100

Ws
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Where:

CF=Crudefiber

W1=Weightofcruciblewithsamplebeforeashing

W2= Weightofcruciblewithsampleafterashing

Ws=weightofsample

3.2.1.6Totalcarbohydratecontent

Totalcarbohydratewascalculatedbydifference.Thesummationof

moisture,ash,crudeprotein,crudefiberandcrudefatcontentwas

subtractedfrom 100tooptionthecarbohydratebydifference.

3.2.2Preparationofmilletflakes

A Millet flakes was generally prepared according

toVatsalaandHaridsRao(1991)method.

Table(1):Componentofsamples

Ingredient Quantity(g)

Cornflour 106.5g

Milletflour 108g

Glucose 51.43g

Salt 1.04g

Sugar 34.68g



30

.

Bakingpowder 1.45g

Water 18.53g
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3.2.5Sensoryevaluationofbreakfastflakes

Includinguntrainedtwentypanelistsrangingfrom 20to50ofyears

old,from facultyofAgriculturalStudiesofSudanUniversity.

3.2.6Statisticalanalysis

Statistix8.0werepreformedtoexaminesignificantdifferentbetween

normallydistribution data ofreplicated measurement.Probability

levelsoflessthan0.05wereconsideredsignificantdifferent(p≤0.05).
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CHAPTERFOUR

RESULTSANDDISCUSSION

4.1Proximatecompositionofflour

Thechemicalcompositionofpearlmilletflourwasshownintable(2).

Theresultsareexpressedondrybasis.

4.1.1Moisturecontent

Thedatashowedthatthemoisturecontentofflourpearlmilletwas

10.94%.Theresultiswithintherangereportedby(Khatir,1990)who

reportedthatthemoisturecontentforpearlmilletinrang10.6%to

11.7%respectively.

4.1.2Ashcontent

Thedatashowedthattheashcontentofflourpearlmilletwas3.38%.

Theresultiswithintherangereportedby(Bartonetal,1972)who

reportedthattheashcontentforpearlmilletinrang1.2% to3.4%

respectively.

4.1.3Proteincontent

Thedatashowedthattheproteincontentofflourpearlmilletwas

15.33%.Theresultiswithintherangereportedby(Abd-Allah,2003)

whoreportedthattheproteincontentforpearlmilletinrang12.5%

and13.6%respectively.

4.1.4Fatcontent
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Thedatashowedthatthefatcontentofflourpearlmilletwas5.41%.

theresultiswithintherangereportedby(El-Tinayetal,2005)who

reportedthatthefatcontentforpearlmilletinrang6.1% and5.4%

respectively.

4.1.5CrudeFiber

Thedatashowedthatthefibercontentofflourpearlmilletwas0.98%.

theresultiswithintherangereportedby(Khatir,1990)whoreported

thatthe fibercontentforpearlmilletin rang 3.18% to 3.67%

respectively.

4.1.6Carbohydratecontent

Thedatashowedthatthecarbohydratecontentofflourpearlmillet

was63.26%.theresultiswithintherangereportedby(Abd-Allahet

al,1998)whoreportedthatthecarbohydratecontentforpearlmillet

inrang58.5%to70%respectively.

4.2Chemicalcharacteristicsofflakesfrom maizeflourand

flakesfrom differentlevelsofpearlmilletandflour

4.2.1Proximatecomposition

Table(3)showstheproximatecompositionof100%pearlmilletflour

anddifferentlevelofmilletflourandmaize.

4.2.1.1Moisturecontent

Themoisturecontentofsample(A)wasfoundtobe7.95%,thisvalue

islowerthansample(B)whichreportedas8.47%.Thestatistical

analysisshowedsignificantdifferent(P≤0.05)betweensample(A)
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andsample(B).Theseresultarecontrarywithdatawhichreportedby

SaharY.etal.2012whofoundlowermoisturecontent3.22%.
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4.2.1.2Ashcontent

Theashcontentofsample(A)wasfoundtobe3.73%,thisvalueis

lowerthan sample (B)which reported as 8.47%.The statistical

analysisshowedthattherearesignificantdifferent(P≤0.05)between

sample(A)andsample(B).Theseresultarecontrarywithdatawhich

reportedbySaharY.etal.2012whofoundlowermoisturecontent

0.24%.

4.2.1.3Fatcontent

Thefatcontentofsample(A)wasfoundtobe4.97%,thisvalueis

lowerthan sample (B)which reported as 4.34%.The statistical

analysisshowedsignificantdifferent(P≤0.05)betweensample(A)

andsample(B).Theseresultarecontrarywithdatawhichreportedby

wSaharY.etal.2012hofoundlowermoisturecontent3.65%.

4.2.1.4Fibercontent

Thefibercontentofsample(A)wasfoundtobe1.22%,thisvalueis

lowerthan sample (B)which reported as 0.95%.The statistical

analysisshowednosignificantdifferent(P≤0.05)betweensample(A)

andsample(B).Theseresultarecontrarywithdatawhichreportedby

SaharY.etal.2012whofoundlowermoisturecontent0.77%.

4.2.1.5Proteincontent

Theproteincontentofsample(A)wasfoundtobe16.17%,thisvalue

islowerthansample(B)whichreportedas11.44%.Thestatistical

analysisshowedsignificantdifferent(P≤0.05)betweensample(A)

andsample(B).Theseresultarecontrarywithdatawhichreportedby
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wSaharY.etal.2012hofoundlowermoisturecontent10.5%.

4.2.1.6Carbohydratecontent

Thecarbohydratecontentofsample(A)wasfoundtobe7.95%,this

value is lowerthan sample (B)which reported as 8.47%.The

statisticalanalysisshowed significantdifferent(P≤0.05)between

sample(A)andsample(B).Theseresultarecontrarywithdatawhich

reportedby SaharY.etal.2012whofoundlowermoisturecontent

81.5%.

4.3sensoryevaluationsofbreakfastflakes

Theresultofsensorycharacteristicswasmentionedintable(4).In

general,allofbreakfastflakes were highly acceptable by the

panelists.Onotherhand,therearesignificantdifferencesintheflavor

betweenthetwoproducts.



37

Table(2):Chemicalcompositionofpearlmilletflourandmaizeflour

(onwetbasis).

Sample Moisture Ash Protein Fiber Fat

A

(maize)
10.45b±0.22

2.86b

±0.44

10.41b

±0.39

1.2a

±0.57

2.44b

±0.06

B

(pearlmillet)

10.94a

±0.36

3.38a

±0.17

15.37a

±0.38

0.98a

±0.11

5.41a

±0.21

Valuesaremean±SD

SD=Standarddeviation
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Table(3):Proximatecomposition(%)ofbreakfastFlakesfrom millet

flourand50%milletand50%maize(onwetbasis)

Sample Moisture Ash Protein Fiber Fat

A

100%pearlmillet

7.953b

±0.16

3.73a

±0.54

16.17a

±0.05

1.22a

±0.34

4.97a

±0.26

B

50%pearlmillet

50%maize

8.47a

±0.23

2.54b

±0.34

11.59b

±0.28

0.95a

±0.13

4.34b

±0.06

Valueismeans(±standarddeviation)

Mean value having differentsuperscriptletters in the same column are

significantdifferent(p≤0.05)

Where:

A=100%milletflour

B=50%milletand50%maize
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Table(4)sensoryevaluationofbreakfastflakes.

Sample Flavor Color Taste Appearance Texture Overall

A
3.40b

±0.99

4.20a

±0.83

3.50a

±0.95
3.70a±0.92 3.85a±1.04 3.85a±0.88

B
3.8ab

±0.89

3.95a

±0.83

3.95a

±1.00
3.90a±0.72 3.80a±1.20 3.95a±1.00

Control 4.2a±0.98 4.1a±0.99
3.95a

±1.09
3.9a±0.96 3.9a±0.96 4.3a±0.86

Valuesaremeans(±standarddeviation)

Mean values having differentsuperscriptletters in the same column are

significantdifferent(p≤0.05)

Where:

A=100%pearlmilletflour

B=50%pearlmilletflour+50%maizeflour

C=control

Scale:

1=unacceptable

2=acceptable
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3=good

4=verygood

5=excellent

CHAPTERFIVE

CONCULSIONSANDRECOMMENDATION

5.1Conclusions

-Theresultofsensoryevaluationshowedthatflakescontaining

morepearlmilletflourwerethemostacceptable.

-Theresultofapproximateanalysisshowedthatflakescontainmore

amountofpearlmillethasahighnutritivevalue.

5.2Recommendation

1.Pearlmilletflourcanbeagoodchoicefordevelopmentofquality

andnutritiousconvenienceofbreakfastflakesproduct.

2.Pearlmilletcouldberecommendedforadditiontoothercereal

flourduetoitsrelativelyhighproteincontent.

3.Peoplewhosufferfrom celiacdiseasecanbeconsumedpearl

milletflourassubstitutedofwheatflour.

4.Servingdifferentflavorsfrom theusualbreakfastflakes.

5.Researchneedstobeincreasedintheaspectofinexpensiverow

materialthatcanbereplacingmoreexpensiverowmaterialsuchas

millet.
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6.Breakfastflakesareaproductrequiredbyconsumers,soitcanbe

consideredassuccessfultradeforfactories;howeveritisimported

from abroad. Therefore, a representative industry must be

establishedwithinthecountry.
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