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/I /;sll'llcl 

\ fl lrilionul and anlinlilrilional Slal fls of' ),eIIOlI'. lI 'ilile and orange fleshed sweel pOlalOes 

I ilJOlI1oea halalas I.. Lam) in Iheir r ('/II/ rools flnpeeled and peeled as well as effeci of' hiending 

I'IIl io on n/llrilional. anlinulrilionai and qualilies allribules of breads made/i'om orange sweel 

I'olala and wheal composile flours were sludied Nfllrilionai and anlinulrilionai values of Ihree 

.lIl'eel pOlCilO varielies were signi/icanlly (p <{).05) \'aried due 10 cullivar. processing and 

imeraClion Orange sweel pOlalo variel), conlaillS highesl level of 11I0islure. fal. ash. 

curboi7ydr(lIe. energy. calcium and iron in flnpeeled ond/iber, maislure, /CII, ash. calcium, iron 

lind ~inc in peeled On Ihe alher hand. yelloll' Sll'eel palalO variely conlains highesl level of' 

I'mlein, phylale. in bOlh unpeeled and peeled while highesl value of/iber, oxalale and ICinnin in 

unpeeif.!d tlflhi/e s\I 'eel po/aID variely lII(ts/olll1d il1 inlel'lnediclle position jor nutrienfs compared 

If) IIlher clillimrs. Due 10 peeling, fOl. carhohydmle and energy values were signi/icanlly 

iNcreased bill all olher paramelers were signi/icanlly decreased. Because of ils polenlial source 

0/ nUlriel7lS orange sweel POICiIO cul/ivar was selecledlor bread making and six blending ralio.1 

oj' ils/lour lVilh wheal flour (0:100, 5.·1}5. 101}0. 15.85.20.80 and 25' 75) \!'ere designed. WeI 

glllien and WaleI' absorplion capacily lI'as decreused and increased, respeclively as blending 

n llio o/sweel POWlof/our increases. Il/aeC/se s\l'"el pololO flour in blending ralio signijicanlly 

i''ICI'eased loaf' weighl, moislure, ash, fiber. corboh),drale, calcium, iron and zinc conlenl of' 

"reads and decreased in loa/size, proleil/. PII. energy. phosphorus and phylale. o/'lhe breads . 

. ':ppearance. aroma. laSle, maulh feel Clnd overall (fcceplabilily 0/ conlrol bread were /11o/'e 

[!rcji;rred Ihon .1'\Veel pOlalojlour supplemenleci hreads. However, breads made /Ising 15% Sll'ee/ 

rulalo /10111' supplemel1led accepled by conSlllllers. Ihis leads 10 conclusion Ihal nUlrilional 

i/npmved, onlinUlrilianal reduced ond conS/llller occeplable breads can be prepared hy 

.IIIJlplemenling III' 10 15% S PF in WF 

I:cy words: Ant inutritional Factors. Blending ratio. 13rcads, r unct ional Properties. Mineral. 

Proximate. Quality Parameters , Senso ry Attributes, Sweet potato, Variety. 
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1. Introdu cti on 

1. 1. Backgro und 

Root and tuber crops refer to any growing plant that stores ed ible mate rial in underground root , 

corm or tuber (Ugwu, 2009). Many 0[' thc dcve lopi ng world's poorest farmers and food insecure 

people are highl y dependcnt on root and tuber crops as a source of food, nutrition and cash 

ilh' ome (Scott el al. , 2000) . The nutri tional valuc of root and tubcr crops lies in thei r potent ial 

abil ity to provide one of the cheapest sourCl'S of di cta ry encrgy in the l'o rm of carbohydrates. The 

aillount of energy suppli ed by thesc crops is about onc third of that of an equiva lent wc ight o r 

gr'l ins such as ri ce or wbeat because thesc crops Iw\"e h i ~h watc r contcnt than cereal s. Howeve r. 

tl H' high yie lds of thesc root and tubcr crops ensurc an cnergy output pc r hectare per day which is 

considerab ly higher than that 01' grains (Wol) llc . 1987) . 

In Eth iopia, swcet potato (ipollloea bu/o/(/\" I .. Lam) pmduction ran ks third afte r Enset (Ensel 

v(,l1 /ri cosum (W.) Chcesman) and potato (SOIUI1IIII1 /U/J(,rlJSIIIII L. ) compared to other root and 

luber crops. It is onc of thc major tradi tiona l Il)od crops in the country. The crop cultivation is 

common in densely populatcd areas ol'thc South, Soulh-West and Eastern parts of the country 

' lIiJ Southern Na tion and Nat ionalitics Pcople Rcgi"ns (SI\ NP R). II is an important l'oad crop 

during hungcr periods in areas such as \\ 'ollaita. SicbnHl. Kanb:1 ta Tanbaro, Gamo Gafa and 

I I<l diya Lones in SNN PR I'rom I'cbruary 10 Via) (!:ndale!!l 01. . 1994) . 

Sweet potato is an attraeti vc crop among Ictnncrs clue to its high productivity, hi gh calori c 

con tent , and good taste; it tolc rant ~c" crse cnvirlll1mcntal cn ndi ti ons suc h as drought. it requires 

low soil Icrti lity, hi gh rainfa ll and vcr) li ll ie labm and care (C II ' , 1995). [n addition to these 

at lributes, it has short producl ion cyck, high nut ri tio na l ,',duc and sensory attributes in terms of 

Iksh colors, tastc and tex turc (\\'oolfe. 1992; !lo\'cll-l3cl'.iamin, 2007: ILS I. 2008). Moreover. it 

con tributcs to food securi ty and litnncrs' incolllc In countrics like Ethiopia (Tercfe and Gelc ta, 

1 ')<)4 J. 

CUlTentl) different cult ivars of S\\ cct pota tocs arlO cultiHltcd ~nd consumed in Ethio pia. These 

cult i"ars contain diflcrent skin co lors (c.g. pin k. crCdlll. mcngc and \\hite) and flesh colors (e.g. 

1 



"hitc, cream, orange and ye llow). As \\'It h all crops thc nutritional status of sweet potato 

cul tivars vary from place to place clepcndin~ on the cl illl 'ltc. soil type. Ihe crop variety and othcr 

"\(: to rs (Ingabire and Hil da, 20 1 I) . Depending on the I'a ri ety, swce t potatoes are ri eh in 

carbohydrates, dietary fi ber. ash. Il- carotcnc, mi ncrals and olher nutricnts (Woolfe , 1992; Bove ll­

I3 l'njamin, 2007; ILSI, 2008) . Howcl'cr, wi th all its desi ra ble trails, sweet potatoes contain 

p(ll ent ial plant toxins and antinutrit ional lactors such as phvta te, oxalate and tannin (Olayiwola el 

(I I.. 200') ; Eluagu and Onimawo. 20 I 0) Iha t arlect thc nutrient util iza ti on in Ihe body. 

13read is a food produci basically ro rmed from Ilour . waler. sail and yeasts . Bread nour is 

commo nl y madc from wheal bUI il can he produccd fl'<lI11 (l thcr cerc;tls li ke maize, rye, ba rley, 

rice and non-grain plants. Flou r is the majo r basic ingredi ent in bakcry products. Due to it s 

impo rtant character ist ics, wheat Il our is the main ingrcdic'nt in mosl t) pes or breads (Aboaba and 

(Ii>akpolor, 20 I 0). Bread contains a good source (II' nutrients. such as macronutrien ts 

(.:arbohydrates, protein and 1,11) and mieronu tri cn ts (minLTals and I'i tam ins) that are essent ial lo r 

human heal th to all population. I lowcl'er. thc nutrient conlents of bread products are depend on 

the chemical composil ion and baking processcs uscd (1\lohammed el 01 .. 2008). 

Rl'ead mainly produced form wheat nour bUI it can als(\ be prod uced from compos ite nour such 

as a mixlure of' wheat and non wheat nours or \I'holly non \lhe;ll nour (David, 1992). The use of' 

C<l mposite nour is advantageo us in brcad mak ing l'or dCI'clo ping countries as il promotes high­

vic'l di ng native plant species, increascs nutrilional I'alucs and cnhances domestic agriculture 

pr,)dueti on (.to laosho . 20 I 0) . The goal or carl ier researcher \I dh composite !lours was to save th" 

li ngcs i possible percenlagc of wheal !lOllr in thc product ion of' ccrtain baked products. Howevcr. 

rC"'enlly sOl11 e research fin dings had showed that cOl11pllsitc flour in new product deve lopment 

" <I S used to improve nutri tional val ue and sensol'\' qual it)' of the li nal prod uels (A l11l11 ar el al .. 

21109: Mepba el al . 2007: Shoukat el al .. 2(06). 

I )('\,c lopl11e nt in teclmology and rescarch arc,1 showcd Ih:lI eomposilc !lours of' sweel potato 

p\'llcessed in to diff'erent load produc ts till' larious purpn"cs . A I'<lriel) of food products such as 

duug hnuls, biscuits, cakes. brcads . cookies. I'ri ed chips. icc cream. porridge. breakfast toods and 

""ani ng roods have been made fro111 S\I'cc t pot:ltO c0111pmite nour (Grcene el al. , 2003 ; Truong 

and Ramcsh, 20 10). Sweet po tato nour can SCI'\'C as sourcc of nutrients (carbohydrates, protei n, 
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didary fiber, beta-carotene. minerals (Cn. I'. I.'c and I() and can also add nat ural sweetness. co lor 

a lld fla vo r to processed food products (Woo llC . 1992). I knee. the dcvelopment of appealing 

prllcessed products from swcet potatoes playa major role in raising ,1IIar..:ness on the potential 

us': o/" the cro p around the world. Till". th is stud) \I ill I' e conducted firstly with the aim of 

se lec ti ng sweet potato va ri cty with high nutri ti ve v,liuc and low antinutrit ive factors among th rec 

S\l eet potato vari eties (yellow-fleshcd. white- fleshed and orange-fleshed) currently culti vated 

and consumed in Eth iopia. Sccond ly to dete rmine the approp riate subst itution level of se lected 

vmiety a/" sweet potato fl our lor whcat nour in bread making. 

1.2. Statement of the pr'ob lel11 

Ahso lute povert y. poor hcalth and slll1 it :lr)' cond it ions. limited kno\l'lcdge o/" nutriti onal matters 

and fluctua ti ons in incom cs arc somc o /" the principal reasons f0r the high preva lence o/" 

111 .li nutrition (A ndcrson. 1981) . Impro ved nutri tion is direet lv linked to expanded hi gh nutriti ve 

rOlld production. The nutritional qua l it)' of' fO(ld com he improved b)' v" rious practiccs. such as 

app li cation of fertilizers. sc lcct ion or I'arictics with high nutritional status and genetic 

m"d i fication of plants (Chaudhary. 19S'!) 

1·.i.1 iopi a has a wide range of ag ro-c li1l1at ic cllnclitions and cropping system 111 the country is 

highly diversi fied with a wiele I'ariet)' or cnc:ll s. ' cgewb lcs. tuber and root crops (CSA. 1995). 

Aillong root and tu bcr crops swect potato is onc ofthl: third imporlant crop after en set ancl potato 

U:nda le e/ al .. 1994). The total arca under sweel potelto in 1':lhiopia is 75000ha with an averagc 

pmducti, ity of8t/ha (!\sscl'a el al., 20(7). Currentl, dilTcrent s\leel potalo cul tivars arc grown in 

tl", count ry in whi ch most or rural pcoplc's cliet depcnds on thcm. Ilo\lcvc r. the nutriti ve value 

and antin utriti vc ractors content va ri es depcnd ing on thesc culliva rs. Gu t fa nners might be 

ra ndoml), cultivate and consumc among thesc varieties clue to lack or documented nutritional 

in lo rmation abo ut thcm . Such that proelucers and c()nSU 1l1ers shou ld knoll' the nutrit ional stat us of 

tl wsc varicti es be forc cu lt iva ti on and con"lmpt ion in order to select high nutriti ve variety to 

ill lprovc their nutriti onal st atus. 

,\ n increased consumpti on ol'dielar, liber in lh ily diet h'lS been reconl111c ll clcd by nutrit ioni sts to 

ill' provc health . High dictary fiber content ur relod is one ell ' thc 1110St im portant factors in terms 

0 1 dCl'e loping health) dicts tll reduce the incidencL' s or c., rdiovascular d iscascs, diabetes, obesity 



an.! reduct ion of glucose metabolisill and I'rOl1ln ti on or the growth of bene licial gut miero flora 

(ilrennan, 2005), Dependi ng on cult ivars, slI'eet potatoc's arc lOll' in pro tei n bu t ri ch in dietary 

li I-'er and carbohydrate content so a success llrl cOlllbination or swect potato vari ety with hi gh 

nut rit ivc value with wheat nour J()r bread production lIould bc nutri tiona ll y advantageo us, Fiber 

is an i1l1 portant nut riti onal contributor or "vcct potatoc> in hUlllan dic!' So that integration of 

wheat /l our and swee t potato Il our cnhance the liber content of bread and Illay have a significan t 

clkct on human health (Anton, 1008), 

1,:1 . Sign ificance of the st udy 

Thc result s of th is stud y will havc thc lollowing signilicanccs : 

+ It provides neccssary inl'onnlltion abllut nutritional composition ancJ anti nutritional factors 

of ye ll ow, white and orange Ileshcd sWcel pUlatn vari elies such that the producers select 

and cu lti vatc \'arict )' with high nutritive \' ,rllle in (Jrder to improvc nu tritiona l status in the ir 

die!' 

+ It con tributes in ovcrcom ing pre\'a lcncc or Ill ,rlnutrition lI'it h providing nutritional 

knowlcdge to producers and dRily consul1lption or fiber rich di et [ro1l1 such blended 

prod ucts, 

+ It prov ides knowledge de\'Cloj)mc ll t I II brc:ld \l\ak ing forl11 sweet potato-wheat !lour 

com bi nation, 

+ It can be uscd as a base line data fo r further research in the same area like to c01l1parc 

nut riti ona l status of othcr \'aricties of S\\'eet po tato and ncw product developmcnt by 

using sweet potato !lour. 

+ It can be used as rei'crcllcc ma terial for students , tcaehers and other researchers ill re lated 

areas. 



I. -I. Objectives 

C l' neralobjeetive 

'I l' stud y nut ritional status of three sweet potato culi iqll"S :md Ihe poss ibililY or blending sweet 

jl lll <l IO nom to wheat Ilour 10 pl"Oducc breads and to ev:i1ullle nutritiona l, an tinutritiona l factors. 

qlla li ty and sensory at tributes of breads. 

Sr ecific objectives 

~ To determine and compare pro~imClte composition. mi nera l conten t and antinutritional 

factors o f ye llow, wh ite and orange ncshcd s\\ce t potato (/l'oll1oea halalas (L. l Lam ) 

variet ies. 

~ To selec t sweet pota to v" ri ety wi th high nU lrition:t1 stalus and low antinutritional factors 

among the three sweet pOlato eulti l'ars and lise il in bread making by blending the nour 

with wheat. 

~ To determi ne fun ctional propert ies o j" Ihe bknckcl Ilou rs. 

~ To assess the clTcct of blending ra ti o on the I)!",,~illl:l te composition. mineral con tent and 

anti-nutriti onal facto rs o j" Ihe beards. 

~ To evaluate the effect of blending ral io nil qu:t1ily and sensory att rib utes of breads. 
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2.1. Origin and distributi on ofswcet pota to 

S\\ cc t potato (lpoll/oea bolalas r .. Lam) is origill' lt cd in Cen tral I\merica or trop ical South 

AlI1c rica (Tere f'e , 2003) , Indi gcnous South Americans havc cu lti va ted swcet potatocs J()r 

thousands of years, The cro p was sprcad to othcr pmt, oJ'thc 1I'0rid such as Polynesia and New 

I caland du ring thc 81h ccntury, ill to China during thc I-I th ccn tury, into Japan duri ng thc 17th 

cen tury and in to thc tropical areas of 1\J'ri c;I. Europe. China. Ind ia and Indoncs ia duri ng the 16th 

cen tury (.Janssens, 200 I), CO l11parcd to othcr crops, thc storagc root oj' swcct potato is ab le to 

gr')W at an acce lerating ratc in various cnvironl\\cllia l cOlldit ions, thus l11 ultiplying in quan tity in 

a ~. hort period of time, For that reason. s\\ cet pOla to spread throughout Asia. Africa and Latin 

AlI1c rica during thc 17th and 18th ccnt ur ics. Si nce then slI'ec t po tato has become one of the most 

gl'<l wn crops in Asia, Africa and Al11cri ca alld so did thc del11 and ['or sweet potato among 

eonsu l11 ers (Choong, 2008). Global lv. swcet po ta to ;s rankcd as thc se vcnth 1110st important food 

crl'p ari cr wheat, ri ce. l11ai ze. potato, bar ley ;lI1 el caS5;1 \'a, Among all thc root crops that arc 

consul11ed . swect potato ranks secolld only to the nlllatil in eco nol11i c il11 portance (Horton. 1988 

a, citcd in Choong. 2008 ), 

2.2. Swect potato production and liSt'S in I~ thi o p i'l 

l'lll iopia is in the tropica l zonc has thrcc climat ic zones according to thc elcvat ion, Tropical zone 

([-;o la) is hot and humid. below 1831) mcter altitude sea leve l and has an average annual 

tClIlpcrat ure 0[' 270e with annual ra inJil l1 II I' abo ut 51 Olnm. Subt rop ica l zone (Woina dcga) is 

"'orm and incl udes thc high bnd are,lS 0[' 1 g~O to 2·1-10 I11cter ~t1titudc sea level and has an 

u\:rage annual tel11 pcra ture of 2111e, \\i th ann ual ra in l,t11 betwcen 5 10l11 m and 1530mIn. Cool 

ZIl IlC (Dcga) is abovc 2440 mcter alti tude sea Ic vel \\ it h all averagc ann ual tcmperature or abou t 

I(, 'e and annual ra in fall bctween 1270 (Illd 1 280\l1\l1 , S\\cct pota to is ada pted to the tropi cal 

ZIInc (Kola) and subtropical zone (Wo ina dcga) are;JS ur the sou thern . southwestcrn and eastcrn 

P;\I'lS or the country (TcrciC. 100 :;) , 

'1 be cl imate and soil condi tions oj' O hlopia ~ Irc \Ci" l'a\'tl\,lhle I(lr thc production of s\-\cet potato . 

{\ ('cording to FAO (2000). \\ 'orld's llwr.lg(' s\\cet Plllat" produc tion is cstil11a ted to bc 14.8 tons 
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per hectare compared to 8 tons pcr hectare in Uhiopl'l. The count ry has 73 ,918,505 people 

(l 'N FPA. 2008) and is second mos t populous coun try in Arrica (U .S . Census Bureau, 2009) . 

SlYeet potato is one of the mos t imponan t staple 1\,Ot crops among 20 million or marc 

I:t hiopians. Area of culti va ti on is increasi ng from ·10.000 to 75000 hec tarcs as it requires less 

a ! ~ r icultural inputs (f AO, 2000). It is used as so ur-:c DC I,)od and income ror the poor and need y 

lilllllers in sweet potato produc ing are;l s. The d i ITercnt P;lrts of sweet potato producing area used 

ti ll" crop ror va rious purposes : the rout I,) r consumpti on and sale. the aboveground part ror 

planting materiaL sale. feed lor livestock and soil consen ation (londrias el al. , 2006). In Ethiopi a 

tl ,,; poten tia l yield oC slYeet potalO unde r resemch reaches up to 500 quintal s per hec tare. On­

sl,ll ion and on-farm research with impro ved man agemcnt prac tices indicated that thc root yield 

oC sweet potato rangcd between 175 ;Ind 350 quintals per hec ta re. Ilowcver. bceause or poor 

m;lI1agemc nt practices the yield under lilrmer's conLiitilln is IU\l . It is as low as 50 quintals pe r 

hec tarc (Getahun el al .. 2006 ). 

In lothiop ia, among root crops. swect pota to production r;lI1ks thi rd aner enset (Ensel venlricosum 

( \1' .) Cheesman) and potato (Solol1l1lJ1ll1iJeroslllJl I .. ) and cons iciered as one urthe most important 

n,nt crop among small sca lc resource poor lilrmcrs ( I·crell:. 2003) . ~ lore rccently . culti vation or 

s\leet potato is expandi ng to 10\V lands of i-:thiul'i;l. II is "n impo nant crop during hunger peri ods 

ill areas such as 'vVolla ita . Sidal11a. Kanbatd Tanlxlnl. (j;lllln (jot·a and Ilad iya zones in SNNPR 

li· (, Jll I:cbruary to May . It is a shun da) plant \lhicil t;lkes three to li ve months to mature 

dL'pe ndi ng on thc va ricty. Ilowever. cold conditinns in tro pica l highland s can cxtcnd the 

Ill .ll uration period by 8 to 9 months (Geleta. 2009) . 

TI' c exact time or introd ucing swect puta to 10 lethiopia is no t cl early known. However. the crop 

h'I' become popular parti cularl y in densc!v popul ated are;ls o l·t hc South . South- West and Eastern 

p'lns o r thc country and reJlla ined an im ponalll I,'od source aJllong thc comill uniti cs (Endale el 

(1 /. 1994). It is an importa nt food crop and plil) " criti cal roles in rural dic ts. In some areas it 

aill cli oratcs load shortage instances when crops likc nwi/e arc in short supp ly and in time of 

dr,Hlght. Sou thern Nation and Na tio nal it ies People I ~ cgions (SNNI' R) is the leading prod ucing 

rl'!! io n or sweet potato in Eth iopia. Stud ies ha\c sho\Vn that the lo tal arca under sweet potato 

c() \·crs 23 .643.84 hectares hav ing annua l production nt· ~J(j . ~88 . :; to nes (C SA. 2002). Thus. 

s \l ce t potatoes occupied 3% oCthc eru p arC;1 ancl contributed to 16~o octhe reg ional total vo lumc 
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ot crop production (Endrias el (II" 2(06). In S":NPR. pa rti cular!) Wollaita zone, study has 

sll, )wn that sweet pota to occupied 20'X, of clilti, 'I ted are<l <I nti aecollntcd for 55% of the tota l 

vpl ume of crop producti on. In the smne '-line pmtieu larly. in l3oloso Sore Woreda, it covered 

2')% of cu lti vated area and contributed to 6~% of tota l volllille of crop production (Endrias el al., 

2(06) 

2, :1, Overview of sweet potato va ri eti es in Ethio pia 

l) ilTcrent swcct potato cultiv<lrs arc cult iva tcd and c()nslIlll cd in Lthiopia. Among those cu lti vars 

white Ilcshed sweet potato cu lti va rs are the predom inant one in the country. Assefa el al. (2007) 

showed that among 70 milli on [thiopi an peo pl e white Ikshed s\lcet potato variety is a staple 

Ii)(ld Cor l3 milli on people in the SOllthcl'll Region,iI Sta te of the coun trv. When compared to 

or'lI1ge Ileshed sweet potato cult iv<lr \I 'h ite swcct potato eult ivar contains less or no pro-vitamin 

,\ conten t. However, hi gher dry malleI' content and less \\'ater content of the white Ileshed 

\: Iricties crea ted more prefercncc <lmill1g C()nSUnh'rs re sult ing in less consumption of the pro­

'i !amin-A ri ch orange flesh ed varie ti es which is \I ith high \\'aler con tent. The very hindering 

I:lctor in the production and consumpti on or pro-vi ta min- I\ rich variety in the country is its short 

su;)ply. and those ava ilabl e ones are \\'i th less dry malle I' contcn t. less sto rable and more 

susceptible to biotic and a biot ic strcsscs (Asse fa ," II/. . :1(07). 

Koka-1 2 and Guntute arc thc t\lO ll r~lll ge Iksi1"d s\leel potato (OFS P) va rieties that werc 

rL' lcased by Awassa Agricultural Rese,l rch Cen ter (/\/\ RC) rw m thc loca l col lection III 198 7 

b:Jsed un thei r high yicld \I'hi ch \\'LTe 25 .24 tons per hectare and 35 .35 tons pCI' hcetare. 

rL'" pec ti\ ·dy. Unfortunately. consulllers did not accL'pt them clue to their Ilesh color (consumers 

al'[' not famil iar) and mois t texture (colltent hi"h \I .lter and 10 \1 dry matte r) and limited 

kllLl wledgc on the nu trit ional valuc or thc sL' varieties. Recen tl y. hO\l'cver awareness created by 

cllnsumcrs that these varieties contain high belH·e~lro tinoid eontcn t ancl their ri chness in Vitamin­

A a total of 97,000 cuttings o r thcse varieti es h,I\ 'e bcen Illult ip lied anti dist ribu ted on the request 

or researchers. NGOs and farm ers in Eth iopi a (/\ ssclil el "I" 2007). 

, \1\3SS3 Agricultu ra l Research Center 1:200~) intruliueecl·IO ora nge-fleshed sweet potato varieties 

th'l t wit h high dry maller, Itm \later content and high beta-carotene content from CI P-Kenya 
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ba,cd on consumcr preference as shoml in Table 2.1 . Oll t of these ·10 varieties 37 of them werc 

el i,; tri buled to di ffere nt parts o l' swcet potalo culli\;llion areas ol'Ethi opia (Asse fa el 01..2007). 

T"ble 2. 1 Orange-fleshed sweel pOlato vari eti es th:lt have high dry ma tter and high beta-carotene 

eontcnt sh ipped to Ethiop ia in September 2(1 03 

, 
. l 

, ,-
' 6 

h 
1--

8 
I 

I 
<) 

I ii 

I I 

, CII' No. Or igin I 

999004.2 CII' brecdi ng li nc J 

199005. 11 C I I' breed i ng Ii nc ~ 

- -
1990 15. 14 CII' breeding linc 7 

--
19')024.1 C IP breedin o line 

b • 
2 

---~- -----
199024.2 CIl' breeding li ne 7 

- -
199026 .1 ClI' breedi ng linc ') 

199027.3 ClI' breedi ng li nc ') 

99034. 1 CII' breeding li nc I 3 

199062.1 CIP breeding linc 3 
- - .- -

440203 Korean culiivar ') 

+"--- ---1 2 440443 Ch incsc culti\ 'a r 
-

Source: Asse r~l el u/. (2007) 
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I Skin color Flesh color 

I Reel Light orange 

I' i nk Intcrmcdiate orange 

Ycllow Intermediate orange r CrcHm Ligh t orange 

I Red Light orange 

I Red Light orange 
, 

I{cel Light orange 

, Rcel I Dark orange -I 

I Onl11gc 
-

Intc rmcdiate orange 
, -.--

- Ligh t orange 
I 
I Yello" Light orange 



In addition to the above swcet plllatocs. there :lrL' DthL" cultil'HI"s released and cultivated in 

dilTercnt parts of the country: somc o f" lhesc varietics shown in Table 2.2. 

T,l blc 2.2 Some sweet powto varielies released IClr produclion in Et hiopia 

-- ,--- --
Maturil)" Yi eld Year of Bree( ieI' 

\ ariety Skin color I:ksh co lor clays tlha release ARC 

udade (T IS-1499) Pink 
, 

Creal l) 
-

90-120 24 .08 1997 Awas sa 

! 
alaha (TIS-391 2) Pink WhilL' I 90- I 20 16.7 1997 Awas sa 

ubo (1-144) CreHm 
---, 

;untute (A.lAC-I) I3rowlli sh orange 

. -
Il I While -=. -[ 

Deep orange 

.. 
90·120 2 1.1 1987 Awas 

120-150 I 35.4 1997 Awas 

sa 

sa 
--- --_. 

areda (3 75) While I 
-

WhilL' 
--

[ 29.6 
-'--'-

120-150 1997 Awas 
-

sa 

)omota Bro\\ nish orange Yel lo\\ 120-150 
1

30 .68 1997 A \\a ~ sa 

wassa-83 Pin k Deep mangc 
--- , 

150-IXO 
1 36 .6 1998 A ,·'·as sa 

oka-12 (A.lAC-I ) -

oka-6 Cream 

-
120-1 50 ~ 25.24 1987 Av.as 

--
90-120 IX.33 2002 Awas 

sa 

sa 
---. 

92009- VII White 
, 
i 1 Wh itL' 90- 120 1 17.62 2002 Awas sa 

I, ullo (Lo-3231 Cream ISO i 35.5 2004 Awas sa 
-_. 
ero -

-
II ll a -

--' 

Pale pr~l11g~ 

Ora n~1: 

150 j 35.4 2004 Awas 
---

150 78 -
1

2004 Awas 1-' ,) 
sa 

sa 

Source: Personal communication: Areka Agri cul tural Rescarch Centcr (ArARC) 
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Sweet potato plants, storage root skin and flesh color of three sweet potato cultivars collected 

from Areka which are used for current study shown in Figure 2.1 a, band c. 

Koka-6 variety Falaha variety Kulfo variety 

Figure 2.1 a: Three sweet potato plants 

Koka-6 variety Falaha variety Kulfo variety 

Figure 2.1 b: Sweet potato varieties storage root skin colors 

Koka-6 variety Falaha variety Kulfo variety 

Figure 2. 1 c: Sweet potato varieties storage root fl esh colors 

(Photographs by author) 
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2.·1. Nutritional composition of S"' l'cl pot a toes 

ROOI and tube r crops refer to any growing plant tht Slores edi blc ll1a lcrial in subterranean root. 

corm or tube r. They fcrm a ll1ajor staple f'o od grou p in mo>! del'e1oping countries of AII'i ca. Asia 

a llli Latin America , The most popu lar o f' this !Clod grollp ~lrc cass,,,a . yam, eocoyam, Iri sh and 

sll'cet potatoes. The nutriti onal values of' tltose cr lpS arc poor sourccs o f some major nut rients 

but they are the cheapest sourecs or die tarv energl' ill the Icrm or e8l'bohydrates in develop ing 

countries. The energy value of these cro ps is abollt one th ird ai ' th at or an equivalent wei ght of 

gl Il in such as ri ce or wheat beea usc tuhc rs Itave higlt lVater con tent. HO lVever, the high yields of 

11l 0S1 root crops ensure an energy out put pCI' heet,"'" pCI' day which is cons iderab ly higher than 

that of' grains, It is often assumed tha t root and tllbe r crops have a poor nut ritive value because 

the compari son of their nutri ent content to other crops is usua ll y ll1 adc on a fresh weight basis as 

eXfJ resscd in composition tables (Se rgc. 1996: UgIIII. 20()9), 

S ·.veet potato is a sta ple rood source for l11 an ), i 1digel10lls populations in China , Cenlral and 

Suut h ;\meri eas, Ryukyu Is lands, ;\fr icII. CaribbcJn, ~1aori people. HalVa iians and Papua NelV 

Cill ineans. It serves as an importa nt prolein s(luree 1\)[' man v lIurld populat ions and is an 

importan t source of starch anci ot her L'arbohydr,lt ·s , The en L' rgy 1',ll ue or slVeet potato exceeds 

th;l t of potato, cassava and other known tubers 11: 'Nl.l\1 \10",0, :CO lO) , As with all crops the 

nut ritional composit ion of roo ts and tubers I'aries l'Illl1 ;ll"cc to place deJlending on the climate, 

s,,, !. the crop variety and other Caelors (\\'oo lre , i 1)87 CiS L'i ted in UglVU, 2009), Among these 

emps thL' nutrit ional composition or sll ed pota tu i, disclhscd belo ll , 

2.·1. 1, Prox imate compos ition of S\I'eet po tatol's 

The main economi c part s o r all slI'cet pota to pl<1nts arc the storage roo t. stem and the leaves. 

S ei th thc root and the leaf parts of slVeet potato can be usecills laod le)l' humans and an imals. The 

che mical compositi on o f these parts is quite di ITe"en t. ThL' prO,i m<1IC composition of raw sweet 

potato sto rage root with and wi thout skin is sh'1\\l1 in I'ahle 2,1, The roots have hi gh moi sture 

con tent and low dry matter and prote in content the ll le,,, 'es . The ,,,'Crage dr)' matt er content of 

tlw root is approximately 30'Yc, but I arics depend ing on "'triel)" el ill1ate and harvesting ti me (Lc. 

21 'tl4) , Dricd slIcet Jlotato Ie:"'es cunsist <11' 22'}" erucic pmtcin , -16'% erude libel'. and 9% lota l ash 

(I \l V /.lM/MONO, 20 10). 
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In 'Jigeria. swect potaloes root conla ined 70.57'lo 1I1,)islure. 29.43''', drv mallcr, 10.65% protein, 

2 (,9% fi ll. 3.28% ash and 83. 37'% total carbohydralc (Odebunmi cl aI., 2007). In the same 

country the nutritional composition stud ies on rO '.I r Sll'eel po talo vurie ties (two whi te and two 

orange lleshed) indicatcd varia tion in chcmica l content rrom variet \· 10 variety to di fferent levels 

o j' nitrogen fe rti lizcr application. Thev obl<i incd the ranges or nriucs lor ehcmi ea l composition 

suc h as dry malter. moisture. crude prolein. IOla l '1sh . erucic li ber and crude fa t contents were 

C\i I-39) . (6 1-70). (3.28-5.47). (1.40-1. 70) . (2 . 30-2 ~) and (1 .20-1 .40)%. respee li vc ly. The ranges 

or va lues for mincral contenlS such as phosphorus. calcium and magnes ium were (20-27), (40-

'II I I and (12 .20-30.40) mg/l OOg. rcspeclively (Ukllln "' III .. 2009 ). Their test resul ts showed 

nitrogen fe rti lizer applicat ion im proved the f.\-c ur, Icnc and prolein contents or most varieties at 

.JIl-80 KgN/ha while the control (no nitrogen I\;nili/.er) lias associated with the highest crude 

likr values. They concl uded that the \'ari ab il iIY in Ihe I.\-caro tene and chemical composition of 

the va rious va ri eties or sweel potato can be uscru ' ill direcling swect po tato research producti on 

allel consumption with the view In increasing nUlri lio nal tprov itami n ;\ and protein) status of the 

consumers . 

Ingabire and I liida (20 11 ) in their studv compurc'd Ihe llutriliona l cOl11pos iti on ofselccted 1","0 

\(' llow sweel potalo va rieli es (K II·izckul11wc. 1-1 01 70) "",I 1\\'0 \\'hilc swect po tato va rieti es 

( ~I ugande and RU lambi ra ~-16()) culti\<Ilcd ill R'\.lIld<l in orcin 10 detcrmi ne high nu tritional 

v",.iel: . The sl udy ,.evc.licdthal Ihe l110is llllC COnl ('111 ill :lil sweel p<lWIO va rie lies was qu ite high 

alld va ried (62.58 10 6-1.3~) [',.om v'lricl\' 10 \" Iriel\' dlle to Ihc di lference in the geneti c 

co mposil ioll and al so Ihe agro cullura l Jlnlct ices. The crucic prolein (0 .91), tota l reducing suga r 

(:' 50). crude ash (0.44) contcnl was high in Kllizekul1lwe variel ),. l1-caro tene cOlltent was 

p,.,:senl only in thc ycl low varielies bUI ""S ['Hlil d 10 be high in I( wizckumwe ( 1.85). On the 

01 her hand yellow (440170) \'ariety rccordcd the highcsi ill erudc liber (0 .1 4) and all the resu lt s 

","cTe reported in fresh weighl bas is. Frol11 test resulls Ihev concluded that among four sweet 

p()lato \'arieties the yellow (Kwizckul11l1c) \an el\' II,IS lound 10 be more nutritious when 

c(1mparcd to the other var ieties. 
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Table 2.3 Proxilllate (gil OOg) and mineral (m1; I ()Og) cO lllpositi'l11 or raw 

sllcet potato root with and without skin 

Compos ition 

w ater (fresh we igh t) 

I' rOlein 

ntal fa t 

sh 1\ 

C 

I) 
arboh ydrate 

ie tary fibe r 
--

I t· 
I 

alei Ulll 

. I r 
I 

on 
~. lagnesiu m 

I I' 

I I', 
I' 

i.S' 

hosphnrus 

)tassiu l1l 

ldi ulll 

Wi th sk in 

77.3 

6.9 

0.2 

4 . ~ 

88.6 
-- --

13.2 
--

lE O 
--
2.7 

I 10 0 

206.0 

1483.3 

242. I 

ink 1.3 

1< langanese 11.1 _____ _ 
Source ENVIJM /MONO (2010) 

-

-

-

-

lo ut skin Witl 

66 .1 

3.'1-6 

0(,-( 

-74 .9 

).g 

).7 

I 2-:-(i-~ 
I 88.5-

-I - - -
6.~ 

I 7')0-r 21-6 r 737-

.0 

95.0 
--
--

1~7.~ 

.4 
--

87.6 

- 179.2 

)- 14 53 .6 1-1~~5 7 

]2.1.1 

1-11.8-
1- 11 .1, - 1 

107.0 

" . -' -2 .6 

._--

---

--

J)q1end ing on the vmict ies and other I'actors there has becn widel range of nutrit ional values and 

antinu tritional factors of swee t potato cliitivais tha t 11<1\'c been reported by different researchers. 

In order to get ful l in fo rmation. SOllle o r the rese"lch lIorks on the nu triti onal va lues of swecl 

l)Iltatoes are bri e fl y discussed beloll. 

2. -1. 1.1. Dry matter content 

T he roots of sweet potato have a high moist ure ,md Ill\\, dry ma iler eontcnl. The average dry 

maile r content is applox imately 30%, but varies de!lendil1g on genelic selecti on, wa ter balance at 

halvest conditi on and timc 01' storagc and other ;J1Icrnal phys iologi cal 1;lctOIS (Le. 2004: Purccil 

"'. Ii .. I 9X9). Dcpending on va rieties sweet po tato sioragc roo t con tains 17 .9 to 49.3% dry mailer. 

'1 i- c dry matte r composition or the swect potato 1i1liCli es is varyi ng in diffcrent locati on. For 

c.\dmpl c 16 cultivars suitable 101 North Cmolina [TO" ing condit ions and qua lity demands were 

IC1Iind to contain 23.7 to 28.6% dry mailer. 13 hifCh vielding clones in West New Guinea were 

round to conta in 22.8 to 30 .79% and dry m:lllci in ,) Scicclillns or Ullanclan sweet potato varieties 

\\\'I'C ran ged from 30.3 to 39.2%. It has been dCIli<"lstr:llccl that soil mois ture levels during the 



gJ<)lVth season significantly inlluence rool d]"\ ' nl:Jtler (Gillen\. i\ \': Iilable so il moisture levels 

ahove 25% caused dcereascs in dry mmtcr (Purcell ,'I "I, I ')X 9). 

2.,1. 1,2. Ca rbohydrate composition 

Swcet po tato is one or the world' s mOsl Imponanl I(locl crops. Its llla in importance as food has 

been the carbohydrate contenl or starch sourcc as a dicl8l'Y staplc (Co ll ins and Wal ter. 1982). 

Most or the dry matle;- (85 10 90%) or the S\\('CI pOlato is ca rbohydratc. Thc carbohydrale 

composition consi sts of slarch . sugms, peclin . cc llulosc and probably he mieelluloses and 

pen tose. Sweet pOlalo sta rch. which conlains 7') I() X,"" :ullylopec lin . is the major carbohydmte 

,1IIei accounts for 65 to 80% of Ihe 10l.d drv malter. I\lthough mal lose has bccn rcponed in raw 

Cenlennial sweel polatocs, othcrs have dcmonslral,'d Iha l ma ltose is nOI prcsent in raw li ssue but 

is I(mned when rOOIS 8I'e ground wilh hOI solvcn\. Raw swect pOla lo roo IS contain 0 ,33%, 

gitleose. 0. 15% fi·u close. 3.47%, sucrose. Sucrose is Ihus the most abundant sligar in the raw 

S\l'eCI pOlato root , rang ing rrom 2.5 10 5.2%, in I;'cshl), 11;\1'\ csted. Glucose and fructose are minor 

const iluen ts of raw swect pota lo roo ts. Factors an-'.'c li n~ IlJe tOlal carbohydrate composition arc 

c:",cntially the samc as Ihosc Ihal in llul' ncc drv Ill:ill·:r COlllcn t (I'ured l ('I (fl .. 1989). 

2. -1. 1.3. Crude fibe r content 

Crudc fibe r has many desirable functi onal propcrrics . II COl rcduce caloric uptake and provide 

h,',i1th benefits concerned to the inc icience 01.' chroni c c1 ise:lscs suc h CIS colonic cancer. diabetes. 

hea rt di scases and certa in digest ive diseases (Wanda and \Va Iter. \ 989). The fiber con tent of 

s\leel pota toes has been reported 10 mngc I'rorn 2.:; 10 :;';" drv basis . The only report avai lable 

li st s cellu lose contenl of sweel pOlatoes at 2.6')"-" <in h:l,is. The liher I'r:letion of sweet potato 

cons ists o rthe ccllulose and poss ibh- hcm ieellu los" and pcn tose (I' urcell el 01 .. 1989). 

2.,1. 1.4. P rot ein content 

It is oftcn assumed Ihm SIVeel pot::ttocs mc a starc!,\' rood withoUI signific:lI11 amoun ts of protein 

con tent. Iloweve r. a number 01' animal !'ccdin~ sludies ind ica led Ihm swect potatoes contain 

n,.'. lrly eq ual amount o r protein content to corn on Ihc dr" we ight bas is. The protein val ue of 

S\l eel potato has al so been recogni/.ed I()r human nutrilion tl' ureell ,'1 (fl.. 1989). 
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T', e protcin Icvel or sweet powtoes is ranged rl'O'n I,n 10 II ,Wl" on drv we ight basis due to 

v'lri ous ractors, These 1~lctors arc cul tiva r or genctlc select ion. the time between planting and 

h' lrvesting. nitrogen and water balancc and loeati(1n at which the s\\eet potatoes are gro wn. For 

c samplc. Jewel sweet potato was produccd 4.1 :;"" o r protL' in in onc location in North Carolina 

"ili le the same cultivar was prod uced 8.81 % or pmtein in ;1 difTcrclll local ion in North Carolina 

in the same year. Centcnnial and .le\\cl swee t pOI;tlOeS gro wn in \' onh Carol ina had twice as 

nlllch as prote in content as the samc cult i"ars rrOlll the slime root main tenanec collection grown 

in i.,aguna , Philipp ines, Thcsc dirrerenccs or prote in contcn t within a cul ti va r may be a complex 

runction ofsoi l water and soil nitrogen Icve ls (I' ur('el l el (1/., 1989). 

011 other hand, studics by Collins and \Valtcr (I <)s')) indicatcd that tilc erudc protein contcnt 01' 

S\\cct potato vari eties rang ing rro m 1.3 'X, to I ()I~'r in drv \\e igh t h'ls is. Th is variation in sweet 

p" tato protein contcnt was duc to prod uction PI'. cticcs. environmental condit ions and gcnetie 

I:ll' tors , The protei n cont ent or swect potalo is ]W\ clcnl\' dis tri buted Ihroughout the root. The 

crilde protein content is sl ightly higher at the stCI1l end than thc root end ing and much hi gher the 

Oili er layer pan 01' thc root (William el (I/.. 19S·.). 'I hus carc shou ld be taken during sample 

pl'I:paralion in orcier to include all pans o r slI'eet Iwtato root in pro tc in amoun t determinati on , 

2.~ , 1.5. Fa t con tent 

S\,,'eet potato eultil'ars contain rci.lti l'ely loll' anll lL.nt 01' lipids compared to other nutrients, The 

al crage reponed value or lipid !c1'Cls in slI eet potat" I'aricties was rHnged from 0,29% (0 2.7°/1, 

,Jr:, weight basi s (Purccll el 01 .. 19X9). Study \\ 'hieh deal tltc changes or lipid in nine varieties of 

Sll eet potatoes during sto rage has becn shown th'lI thc total lipid amounts 01' these vari eties was 

r;lngcd I'rom 1.24% to 2. 50 % dry \\cigh t basis (1\, 'ggess ('I (II., 197 1) , 

2.-1.1.6. G ross energy 

I'r,)xi lll ale anal ys is on root crops in the diets 01' s'O\\ ing pigs has heen shown tha t fodder bcct 

and sweet potato roots have high levels or earho tlldrate hut loll' leve ls or crude protein. The 

pr: neipal use 01' these starchy root and tuber cro ps ,lS hUlllan rood ;Ind animal feed is ,therefore, 

a· a source 01' dietary energy yieldi ng ingreciient s ;!lld their value II ill depend on the availability 

0 ; that energy and the eflic icney wilh which it Gi n "e ut ili/.ed (Phili p. 199 1). 
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2. ·1.2. M incral com pos ition ofs,,"cct potatocs 

'1 :lC mincra l content of sweet po tatocs hael been tr casu rcd by sever' ll researches (Woo lfe. 1992: 

Suda el (Ii .. 1999: Antia ~I al .. ~O(6) . Swect pot"l< ) contains suhst ,u ll ial qua ntities of vitamin C. 

l11 0derate quantiti es of th iamin (vitami n Ill ). ri bofl av in (vitamin 132) and niac in , some quantiti es 

of pan thothenic acid (vitamin 13 5). pyridox ine (l 'it;:l11 in 110 ). l'o li c aci d and satis fac tory quantiti es 

of vitamin E arc present. It a lso con tains somc L'sscnti,,1 minera ls and trace elements having 

espec ially hi gh quantities or iron. Two ot her important mine ral s present arc potassium and 

c a~cium (Woolfe. I 'J9~) . Moderate quantities nf "inc. slxlium, mal'neS tum and manganese are 

al,.() present (Antia el al. , 2006: Suda el al .. 1999 ). 

)·.Ik ins (1 979) and Lopez el al. (19XO) reportecitil;tl deJlendi ng on the vari eties. raw sweet potato 

rO< 1[S were a good source of minerals i nc l udi n:~ iron (0.85-9.5 9 mg/l OO g), ca lci um ( 17.4-

32. 7mg/J ~Og), sodi um (S.0-30 .3mg/J (JOg) . mll gnL's um (I X . 3 -2~ . ~ mg/J OOg), phosphorus (39 . ~-

4X .9mg/ I00g) and 1111 excelleni source of po tas SIUI1l (22X-J 60mg!! (J Og) . The roots were also a 

1;l ir source of' other esscnti al minerals such .IS ;:i ne (0 .20-0.27 mg/JOOg). copper (0.13-

Il. ~ 5mg/J OOg) a ll Ihe amounts lI'erc 0 11 dr) lI'l'i .;111 basi,. In <l ther , tudies the mineral I'alue 01' 

1':"" swect potatocs reported \I cre: pot assi Ulll (59-1 . 9mg/ I Otlg). calci um(78.6mg/l OOg). 

pl lllSphorus ( 11 5.4 Illg/l OOg) and iron (1.72lllg/J IlOg) of dry mattc r (1' lI rccll el 01 .. 1989). Mi neral 

compositi ons of raw s\Veet potatoes root with and \I itholl l ski n arc shown in Table 2.3. 

2. ·1.3. An tinutriti onal factors 

1' 1: lil tS arc the major sources ol'nutri ent s to peoples ,J I'thc developi ng Iol orld. However, present of 

II ll linutri ti onal lactors limit their optimal utili zllti on (Jillssan el 01 .. 2011 ). These compounds 

", It ich anect the di gest ion system and availabil ity 01' the nutrients to the body are often referred 

tn as anti nut ritional lilctors. Among potent ial plllill to.\ ins and anti nll triti onal fac tors both sweet 

pntato roo t and leal' contain anti nul rien ts sueh as phytate . oxa late and tannin (Olayiwo la el al .. 

~t J0 9: Eluagu and Onimal-lo , 20 I 0) . 

2.-1.3. 1. Phytatc 

I'hytates (sa lt s or phytie lIe id ), \\hi ch ,,,·c IIlso kno\\'n ;;s inosi tol hl'xll kisphosphates (InsP6) are 

nll turalll occu rr ing phosphorus compounds signil; '"nth illiluencc Ihe I'u nctional and nutritional 
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pmpcrtics of loods. They arc rcg~rd ed as the pri m'lry sto rage' form 01' both phosphate and inositol 

ill plant secds and gra ins (S hashi (' I !I I .. 20(7) . 

Th~ prcsc nce of phytate in r'oods has be~n associatcd ",ith reduced lll incral absorption duc to the 

sll uet ure of phytate wh ich has high densi ty ol' ncga tiwly charged phosphate groups whi eh form 

vCl"y stab le compl exes with mineral ions caw;in,' non-availab ility for intesti nal absorption 0[" 

ani mals and humans (Wcavcr. 2002). I'hvtic aeid hinds trace ,md macro-elements such as 

c: tl cium. magnesium. zinc and Iro n In the gastroi ntestinal tract 'Ire maki ng dietary minerals 

uIl<wailablc [or and uti lization b)' the bod, du~ to its :lhility to r,mn insoluble salt s with their 

ions. The binding lJf divalcnt cati ons b)' ph) tat~ ill "itm had been shown by thcir relati ve 

I· , .. b' I d I'C'" 7" C", \A" "1 " I' ,J c "(el 1988 I a ! l111tlCS to C 111 t lC or cr 0 II - > .11 - > ~o··:>; 'I n - > .v g - > ·c - > a - lan, ane 

R"makrish na el al .. 2006). However. the bioavailabilitv of these l11i nera ls in the human body can 

be determined by measur ing the 1110lar ratio of phytatd mincra ls in the food and diet. The 

suggestcd critical values far the inh ibitory effect 01' phytate on t h~ bioava ilability of minerals: 

phytateliron > I, phytatclz inc > 15. phytate/ca lciu111 >0 .24 and phytatexca lciumlzinc >200 

(:\o rhaiz.an and Fai zadatu l. 2009). 

C, 'nsumption 01' phyta tc on thc other h ~lld has some positive e[kc ts on human health. Phyti c 

a·." ld acts as an anti ox idant and anti-carc inogen (.fenah :lIld Thompson . 2002). It has the potential 

ahi lit y to lowcr blood gillcose. reduee cholesterol 'Illd the risks 0 [' colon cancer and heart diseasc 

( ,rc iner and Koniet/.ny. 2006; Chan . 198 8). 

I' hvtate is an abundant plant constituent: comprising 0.1-3% or th ~ dry wc ight of many roots, 

tuhers, li'ui ts, nuts, cereals , legllllles, oi l seeds. spures and Jlo llell . 'I. ~% 0[" Waldron whcat bran 

al l,1 as high as 6.4 % 0[' corn gcrm (Chan,198 8). /\s nH\ll\' othcr roo t and ce reals crops, sweet 

potato conta ins a s ignilicant amount o r phytatc. Dilllorth <'I al. (2005) cited in ENV/JM/MONO 

(.'1) 10) had been reported that thc Ic vel 01' phywte val ue was ,I. 'JH x IOJ1111ll01e/g and 2.238 x 

I () 'mmole/g in uncooked and cooked swect potato roots , respectil'cil. 

2. ,1,3,2, Oxa la te 

(l.\a late is a sa lt rormecl rrOlll ox al ie aeid II ilh "arious Illewls such as calci um, magnes ium. 

st >, liulll and potassium . Somc t)x al atc salts such ,.s sodiulll and potass ium are so luble whereas 
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cal cium oxala te salts arc insoluble. The insolub le l'ale iu11l oxalate has the tendency to precipitate 

in the kidneys or in the urinary tract thus ieJrming "harp-edged ea lc iu 11l oxalate crystals when thc 

le vels are hi gh enough. These crysla ls playa role to the iClI'mation nj' kidney stone formation in 

ti l(' urinary tract when the acid is excreted in the urine (Noonan and Savage. 1999). Oxalate like 

phvtate binds 11linera ls such as calcium and ml l ~!n csillm and inte rrere with thei r metabolism. 

They cause muscul ar weakness and paralysis . Ox alat es also cause g<lstro intes tina l tract irritation. 

bl ' lekage of the renal tu bu les by calcium oxalat" crys t:ds. dc\'e1opmc nt of uri nary ca lcul i and 

h,pocalcacmia and cause ncphrit ic les ions in the kidney . Too 11l ueh of so luble oxalate in the 

body prevents thc absorpt ion or solublc calciu m io ns :IS the oxalalc binds the calc ium ions to 

1())'111 insoluble calcium oxa late complexcs. As :1 rl's ul t or th is. people wit h the tendency to form 

kid ney stones are adv ised to avoid oxala te-rich leillds (Soc tan and (J,'ewo le, 2009). Whcn oxalic 

<1< ' d is co nsumed. it irritates the lin ing or the gut and e: lll prove 1>11<11 in large doses. Currently, 

pil lie nts are advised to limit their intake or roods \I ith a total intake or oxa late not exceeding 50-· 

6t : mg per day (Massey c( 01 .. 200 I). 

'I'i' c distribution or oxalatc within plant pa ris is UUC\'CIL For cxam pl c. 73-89mgll OOg of oxalate 

v:llue was reported in ullcooked S\l'Cl't pO lH to kaves Ill' ,\ ntia e/ ,,/. (~00 6). Proper boiling of 

S\lcc t potato leavcs bc fore consum ption signill c:llHly reduces the iLlia l oxalate con tent (i\ ntia el 

ul. 2006) since lllore than 60'X, 01' ox:dates are present ill \latcr sll ll lbk lell'lll whi ch leaches out 

in .ll the water. Oxalates both li'ee alld ealeiulll ()x:dene :lre prescn t ill the roots of sweet potatoes 

ail e! the tO lal leve ls arc gene ra ll\' similar 10 those ill othcr root crops t \vooll(;. 1992). 

2.-1.3,3, Ta nnin 

Tann in is phenoli c compo unds responsible lell' Ihe iJilkrness and :l stringe ncy (due to Iheir hi gh 

p' ll yphenol content ) of manv roods and bevcrages (R:llnak rishna ,' I (/1 .. 2006). It also causes 

hl'<lwn ing or other pigmentalion problems in rresh ie)ods alld processed prod ucts and acts as anti 

nl ,tritional factor Iw provok ing :lstri ngc nt reaellOll ill the mouth . therehy re ndcring the food 

ullpala tab le ([Iuagu and Oni mamJ. ~O I 0). 

The Iwo di sti nctive groups arc the hydrolysabk I<ln ni lls (Ihey ma) be readi ly hyd rolyzed into a 

ll ll xture of ca rbohydratcs and phcnol s) and condensed tannins \l hl ch arc compl ex flavo noids 

p,,!ymers. Tannins iell"ln insolu bk c'nll ll1l'-res isl .1 t elll1lpk.,cs lI'itl , pl'll ieins. carbohydrates and 
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li l'ids lead ing to a reduc tion in digestibilit) or Ihese nutrie nt s. Otlll' r nu tri tional effects that have 

bc~ n att ri buted to tanni ns include damage to the i:lIcstinal tract. toxi ci ty or tannins absorbed from 

th t: gut inler('ercncc with the abso rptinn 01' iron. zinc and :1 poss ible carc inogenic effect. They 

a l~,o cause decreased pal atabi lity and red uced ;;1'011 th rate (Soetan and OyelVole, 2009; Eluagu 

and Onimawo. 201 0). 

The beneficia l or anti nut ritiona l properti es 0(' tannins depend on the ir chemical structure and 

alnount in the die!. The Iota I aeceptablc ta lll1i n daily intake fo r a man is 560 mg (Anonymous. 

1')73 ). Stud y by Schim'one el 01. (2008) haci I"l'en sholled that products containing chestnut 

t: lIl11 ins included at lOll' dosages (0.15-0.2 '%) in the diet can bc bcnclic ial. Like other crops swect 

p'ltatoes contain di flc rent aillount ,, (, po ll'phcnul ic compouncis . These compo unds are phenolic 

:"' Ids (ch loroge nic-acid, cafkic-acid and dic:lI'fi.:ol'lqllinic acid) . an thocyani ns (cyanidin and 

pr;,lIlid in which cause the purple color fou nd in some swcet potdtO va ri eti es) and navonoids 

(c" lcrcet in. C lj ll lllh wh ich cause the vello lV color rou nd in som e slVee t potato varieties and 

n :l in) ((iuan el al.. 2006). 

2.:i . Usc of composit e fl our in food product ion 

C" mposite nour is a mix turc or wheat and non II he:lt !lours 01' ",holll' no n wheat flour prepared 

rnlm mi xtures 0 (' nours li'om cneals. mots. tubers. 1C!!ulllcS or othn raw materials (David. 1992). 

The usc o r com posite !lou r is advantageous lel!' dC\'cloping coun tr ic:; as it pro illotes high yielding 

Il"l ivc plant spec ies. increases prote in lor hUIll"n nutril ion and enhances domestic agrieul turc 

pillduelion. The goal o f carl icr resea rcher ",it h eOlllposite !lours "':IS 10 save Ihe largest possible 

pl'l'ecn tage or wheat !l our in thc prod uction or certain baked products . The extent to which wheat 

Ik ur could be repl aced by othe l' vegelable !lours na turally depends on the nature of products to 

be baked (.Iolaosho. 20 I 0). 

DiI 'fc rcnl resea rehcrs hal'e been made bakery p:'oducls rrOI11 lI'heat !lou r :md other crop flou rs in 

\"',), jng blend ratios . Fang (2008) h:ld been stud iecl the ph,'sico-chclllieal and organoleptic 

"t lr ibutes or wheat bread substituted lIith lour dil'lCrel1t percentages (contro l, 5%, 10% and 15%) 

o j pum pki n nou!'. 8read substit ution rrol11 5-15"" lc\el II:lS inerc'asecl the ash and crude fiber 

content ",hile thc protein and I~!l con tent lI 'cre de~rcased and pUlllpkin Ilour showed higher water 

hilid ing capac ity th,m "heat Ilour. -I he l11inel':il (Ca. \la. K. I'c. I' and ;"~g) contents were 
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il'., reased with increased percentages of pumpkin flnm in the bread Tex ture resu lt showed that 

th,' 10% and 15% pumpkin flour bre:ad lI'as signilicantly dirrerent (1'<0 .05) in terms or hardness, 

gl ll l1miness and elastic it y values than the contmi. The gluten eontcnt of contro l and 5% do ugh 

" "s more eompa rcd to the 10- 1 S% pumpk in Ilour ,:ough. Sensory c\'alua tion indicated that the 

5' ~" pumpki n flour bread was the most acceptable, 

The bread making potent ial 01" lesse r ya m (Dillsc()l"eo escil/en/a) ,md whea t composite nour in 

vary ing subst it ute level was stud ied b)' eva luat ing the sensorv, speci lic loaf vo lume, proximate, 

svlcc ted runetional properties and paste charac ter istics o r bread in :\ igcria (Ukpab i, 201 0). The 

r,",ult sholVed that bead produccd "ith 20% ),'"11 inclus ion had 87", spec ific loa f vo lume of the 

eo, 1Iro i sample and was not signilican!l\' seore:d In"cr than the so le II'heat bread in overall 

(H 'ccptabi lity. taste. appearance and sort llcSS by Ih\,.' S~!lsnry i.lSSL'ssors. 

In another research, the usc or taro Ilour substitution in wheat !lour from 0 to 20% for the 

p, "< ,d uction or I'gyptian bread was e'·" !t"lted !ilr all r,hutes such as !'lrinograph, ex tensograph 

pr<l perties 01' the produccd dough, organolcp tic propcrties 'Illd chL'mica l composition of the 

pI<l dueed bread (!\mmar e/ 01.. 20(9). The: F,trinograph rcsu lh showed that inc rease of 

s ll1stiruti on level increase the wa te r absorp ti on :Ind clough wcakening but decrease the mi xing 

ti me and dough sta bil ity whilc thc res ults or exte:'lsngraph showed rh'l t do ugh energy, res istanec 

to extension and proportional num ber ckcreascl, "ith increasing th,' laro nour level in the nour 

bk nds. The organoleptic evaluation showcci th at subs titu tio n or wh c:1I flour wi th taro [lour up to 

I()% prociuee bread simi la r to the contro l (wheat bread) in all thc 'l rga noleptic properties, The 

il h' rcase or the taro flour le\'cl "esulted in dee re;lsin!! in erudc pro tei n and ether ex tract whi le ash, 

tOl< rI ca rbo hydrates and fiber co nten ts increased . (Jenerally. they conc luded that substituti on o f' 

" heat fl our with taro !lour in brcad making with subs titut ion levc l uJl to 10% produce bread with 

rh ,:ologiea l and organolept ic properlies similar to the ,,·heat !lour brc"d. 

The fe as ibility or partially replacing "heat Iloul" ,,·ith 1'!:lI1 t:l in flour in bre'ld and biscu it mak ing 

"vre investigat ed by (Mepba ~/ al.. 2007). The result indicated tha t Illl signilican t d iffe rellee was 

ohen'ed in the nutrient contents of con tro l (" he'll bread) and composi te bread at 5% level of 

pi.lIl tain add ition. W'l ter and oil absorption c;lp:lc itic's of comp", ite Ilours increased with 

inneasing le vels a i' plantain Ilour in the blend. !\s the plan tain Ilulir conten t of the composite 

d<lugh increased bc,·ond 5%, ah eogr'lJ1h , ·, rlues !(ll" dough res istance to extension, extensibility 



unci mechanica l work of dough dcf(Jrl11ation decr~: lscd. The oven spr ing and specific loaf vo lume 

dcc reased significantly with increased plantai n content of blends. Sensory panel rati ng of the 

11 "Yo plan tain nour con tent 01' cOl11positc bread was not signi licantl v d i ITercnt fro m the 5% leve l 

ot' wheat flour substitu ti on but was signi lieantl" dilTere nt 1'1'0111 thc con trol (wheat bread ). The 

Ikw and break strcngth of wheat-plantain cO l11 posite hiseuit s dec reased with increas ing dilution 

01 wheat with plan tai n nour. The Illcan scorcs ")1' ~ollH. taste and er iiipness/aroma were generall y 

hi gh for all biscui ts sa l11 ples contai ning 0-70% plantain fl our on a C) -poi nt hedonic scale . They 

concluded that organoleptically acceptablc breads and biscuits werc lormulated from wheat­

plantain compos ite [lours using up to 80 :20% and (iO :40% ra ti os of wheat-p lantain fl our as 

n]'l.xi1l1ul11 acceptablc levels 01' substi tut ion lo r br~:lds and biscuits. rcspcc ti ve ly. 

'1 he effects of Flaxseed (I.inu ill us itatissilllUIll) Ilour (In thc baking propert ies of eakcs and 

e'h,kies had bccn st ud icd by Slloukat " I 01. (21l116) I ()Il'1o whem tlo ur up to 25% substitution 

Ie ITls of Ilaxseed in wheat Il our . The result sho\'cc'd that thc pcrcel1ta~e vu lues of moisture, ash, 

I: lt and pro tein 01' both cook ies and cakcs incrl'ased :" the al110unt or linseed flour increased in 

till' compos ite Ilour. The average thickness ,mel width 01' cook ies increased as the amount 01' 

linseed in composite flour was incrcased but sprca,J Illelm lias dec reased. The overall volume or 

c,, ',es decreased as the amo ui1l o r linseed was incle<lscd. !}ath cookies and cakes were ana lyzcd 

k,r dirferent sensory att ri butes like color. textur~. taste. !lava l' <lnd overall acceptabi lity. Based on 

these findings they concluded that slmtl l to modcrate inc lus ion levels Df linseed, especia ll y in the 

ra::e of 10 to 20% resu lt in f~l vo rablc baked products . In add ition. they concluded that products 

prepared with Ilax secd not only taste grea t but also provide cnormous hcalth benefits therefore it 

is highl y reeomlllcnded that this po tenti al illl portant seed Illus t bc used extensive ly in baking 

in <i ustrv to provide value added products to conSIlI11er. 

2,(i . Va lue addcd p l'O du cts from S\\'l'd potato 

Stu di es have been presented that swcct potato purees ,md powders can be used as thi ckening and 

gel ling agents to illl part desired tcxtural properties and cnh:mce the nutritional va lues. 

allt iox iciant aeti vi t)' as well as mtural color (e.". nran"e and pllrple ) "I' nUl11e rous ('ood products. 

TI' esc ing redients I'rolll swect potatoes C: ll l I)~ IIscd as alternatil'cs to wheat products for 

ind ividua ls diagnosed wi th ce liae disease and i,lcorporated in 10\\ glycemic index food s I(lr 

di .l bctics (Truong and Ralll csh. 2011)). 



In Nigeria, inJill1t weaning l'oods 11<1\'c been m:ILk r"om S\\cct I'ot:lto based products (sweet 

p"lutO. cowpea and pcanut) that i, simi lar in sensol'\' eharaclCri stics ol' the commercial baby food 

(co ntrol ) and eonlains higher amou nl 01' pro tein . ash and 1110istllre. Thi s sweet potato based 

products prepared to enhanec nUlrilional v:rlues or Ihe inlant foods (/\ denuga, 20 I 0). 

Suk hcharn el al. (2008) had becn st udied the efTccl or incorporali ng swce l potato nour to wheal 

fl e ur on the quality characteri st ics of cookies. "':rIel' absorption incre:lscs from 29 to 169% with 

incrcasing the proportion 0[' sweel potato n OliI', I'hc cohes iveness or dough with 20% sweet 

pota to Ilour and 80'1., o r wheal floll\' increased III O,-I~Og/s and then decreased with increas ing 

pe rcentage of sweet POla to flo ur. Sweel po talo flo ur lowered Ihe spread lile lo r from 6.666 to 

6, ' 50 with increasing it s level li'ol11 0- 100%, Sensory e\'n illat ion re"enled that increasing levels 

or sweet potato nour (60%) lo\\ cred lhe o\'e rall :lcccpl:lbilily beeausc ol' tastc and di sti nct navor 

de\'cloped duri ng bak ing. 

il IS notcd lhal blending OrS\\'eel polUiO !lour \\ilh \\'he,11 110111' up tn :2(j% level produced sa l11pl es 

\\lli ch can be II sed 1'0 1' produclion or bakcl'\ ~o{)ds wi lh imprO\'ed 1'lInetiona l properties and 

rL'duccd relro-gradu:llion. stali ng rate and produl' liun lime (,\deleKe ,Itlel Odedcj i. 2010). Increase 

in sweet potato nour incrc'lses moi,lurc. elllui sion c<lpaci l" but dcereascs wa ter absorpt ion 

Cl:1ae it y, I'at absorption capaci ty. f( l.lIlling c<lpacit\'. bulk density .lIlei \'iseosily of sweet potato­

\' Ileal nour blend s, 

2'-' . Usc orswcct pot ato fl our in b l'ca cllll<li< ing 

Ci lecne and Bovell- 13enjamin (2004) havc bccn sludied Ihc macroscopic and sensory evaluation 

or bread supplemented with 50% up 10 65% ,,\CCI pow to Ilou r. Tlwy concludecl that moisture 

contents of the breads nuetu illed dur ing storagl', !'rotcin value and loaf vol ume were highest for 

Ih l: bread supplcmentcd with 50% sweel pOlato flour and b-carotenc contents was highest in the 

breads supplementcd wi th !i5% S\\'eel pOlal el flour. Carbohydrale conten ts increases with 

increasing s\\ eel pOlato Ilou r. Swcel potato Ilour could be used to substitu te who le wheat fl our at 

51 '''!c, . 55%.60% and 65%, I,, 'e ls in hread lIlakin[!, Ilo\\·c\,cr. ce rta in "Il ributes suc h as the wheaty 

lasle and smel l, cel l si/.c . grilti ness .lIld denseness lll' lhe s\\ccl pOWlo breads were differen t from 

the' cOlllmcrcial 100% whole wheal hrcad , 



,'\ nothcr rcsearch showed that swcet potato !lom can be subst ituted with wheat flour to makc 

breads 1'0 1' improvcd nu:ri ti onal quality and reduccd cost in thc product ion or bread in Nigcria 

(1 li e, 2011) . Add ition or swect potato !l our sli ght decrcase in the protein and lat conten t and 

increases the ash, ca rbohydratc and crude libe l' content 01' the product. Sweet potato !lour also 

enhances the ene rg\·. Vitam in A. Sr" C allli magnl'siulll contents ol'the product. In thi s study no 

sl"nilican t differences were observcd bet\lel'n whole ",heat brcCld and the sweet potato 

s,lpplemcnted brcad in sensory attributcs o r aroma, tcxture , tastc and ove rall acceptability. 

!-Iowever, in terms or product color the 25% s\I'cet potato supplcmcnted bread sample had thc 

hi t!hcst co nsumer acceptance. 

The accepta bility or bread prod uced 1'1' 0111 ha tl" "-pot:Jto and sweet po tato composite !lours at 

di l'lercnt substitution Ic\els with whem!lotlr ha\ 'e been studied by (Anicdu and Agugo, 2010), In 

proximate anal ys is 10-30% hausa-potato and s\l 'cet poWto flour substitution increases crude 

li heL cthcr extract and ash or the produc ts. Ilighcr li bel' contcn t \las obscrved in Hausa potato 

Im'ad sam pl es with the 30% su bsti tuti on Ic\e!. On other hand, highes t prote in was obscrved 

\ ·1 h~n whcat !lour brcad samplc was used \I herc"s the pro tein amo unt decreased as substitution 

le I e l increascd. Color, taste, te.\t ure and gcnerld acceptab ility 01' a ll bread samp les were similar 

at 10% substitu ti on levels in all tile sellsory ,,' tributes. Il o",ever. it "'as observed that sweet 

p" tato ilour cou ld act as a coloring agent in br,'lld product ion. 

I llI med el 01. (1973) had been studied the cfll:e ' or adding s\I'ce t potato nour to wheat flour on 

ph) sical dough propc rt ies and baki ng cond it i""s, In "lr inograph stud),; addi tions o r al l swee t 

p, ll ato Ilours increased absorption wcakencd the dough and decreased dough development , 

dllugh stabilit), and valorimeter index . 13reild \,,:i ght increased and its volumc dce reased when 

s\\ eet rotato Ilour \I'as "dded to wheat Ilnur . III "dditi lln , they concluded that 1'01' countrics that 

h;l\ ing su itable conditions lor swect potato grll \\th alld a shortage 01' whcat add ition of sweet 

potato flou r to wheat flour f'or bread making \I ill decrellse the amou nt or wheat imported and wi ll 

be of economi c ad vantage. 

' I he clTeets or sweet potato pastes supplemcnted \I ith \I heat flour on phys icochem ical properti es 

oj'dough and bread were ill\cst igated b\ (Kun -Lun ,'I 01 .. 2009) Fari nograph absorpt ion and 

nl! .\ing time all dccreascd as the "ddition or S\l C'l't :,,, ta t(l paste increased, In additi on, a lveograph 

t'l" ,ults sllch as tcnHcit~, c xtcn sibi li t~ , ~l11d clc !()]"m:ll ioll ellergy clccn .. \ ISl,d \·\lith the increased sweet 



p<ltato paste . Loaf' vo lume slightly decrcnsed \\'ith addition of' morc than 20% of sweet potato 

p",tc but I 0% of' sweet potato pnste could he added in dough wi thout decreasing dough 

e.\pansion and vol umc of' bread snmplc. It is n(1ted that bread supplcme ntcd wi th sweet potato 

p" , te scored more lilvornble than thnt o r the conlro l Ill' consumers . 

2)1. Nutr itio nal value of bread and its ing red ie nls 

Il lcad is a food product thai is unil'Crsally accepted as a very eonlcnie nl form of food that has 

(k·;i rab ility to al l populat ion rich and poor. rurnl and urban. II is a good source of nutrient s such 

II> macronutri ents (carbo hydrates, protein and l'lt) and mieron utrients (minerals and vitamins) 

tl1"t arc al l essenti al for human hea lth . These characte ristics lead all countrics throughout the 

", ,, rid to study the chem ical composit ion 01' thc brcad that cons umcd to improve its nutriti ve 

YI!l ue (Mohammed el III., 2008). In add iti on .. con tinllolls im provemcnt in baking techno logy and 

inlroduction o r ncll' materials and ingredients to thc brcad composi tion resu lted in better quality 

pr,)duct lormulation IVhich cnhance its' nu triti llil;d valuc . 

II ,s important to notice that lhe nutritional lalu l' ol'b rcad is depc nds on chcmical composition of 

Im;ad (ingredicnts) and baking mcthods. j\!utrilionid va lue or pa n Imd balady bread made 0[' 

vv ll o lc wheat Ilou r and wi th flour of' nOlo cXl rl letion rIlic \l'as dc tel'l llincd by (!\ Ii an el ai., 1'1'17 as 

ci led in Mohammed el !II .. 20()8). They eonel Ll.led in Iheir resLilts th;lt balady bread madc from 

" ,ll ole wheat flour conta ins moistLire (33-3 -1 %) . I'l'Olein (II . ~-I I . 'J(",,) . I ~lt (2 .53 -2 ,55%), crude 

li l'er (3.62-3 .93%). ash (2 .63-298%) ;lIld carbL)hldrate (nf) I -7 8.9S%) and minera ls in the range 

0 1' (3.5-4. lm g/ 100g) Mn. ( 167- 175 Img l l OOg) ~ Ig, (2 .20-3. 04 Img/1 ~Og) Zinc, (0.4'1-

O. 'i 6I mg/1 OO g) Cu . (3 0-3 2Img/1 ~Og) ea and (310-3 -10 Img/1 (JOg) phosphorus. But thesc 

nLitrients obtai ned lor the samc breild made li'O!l1 white wheat flo ur 0 1' 72% extraction were on 

11 1<' range of (32-33'%) moisture. (1 1. 58-1 1.65 "'0 ) prolei n. (1.-1- I. C)%) fat, (0 .87-0.95%) crude 

libe l' , ( 1.67-1.81 %) ash and (84 .1-84.2%) cmboh)'clra tes and mineral s we re on the range of 

(2.25 -2.5 Img/ 100g) 1\1[n . (126- 1-12ImgIl00!,' 1 Mg. (1 .58 -2. IOlmgIl00g) Zinc, (0.42-

0.·12 1 mg/ I OOg) CLI, (2 1-22Img/1 OOg) Ca ancl ( I 90-120 I mgll (JOg) phosphorus. 

In case or pan bread is concerned. the same illl ' 's ligaiurs reported lilal. this ki nd or bread made 

1'1\ ' 111 ", ho le wheat Ilour had !l1oistu re contl" ll ranged 1'1'0111 (25.5-24.7'Yo) . protein ( 11. 78-

I 1 91 'Yo) . I~ll (3 .56-3.61 '~ ~,) crude liher (358-3 ~~",,) . ;t,;h ( I f)5-2 .3 W%) and embohydrate (78.65-

2 



n 74'1.,) and mi nerals \\ere on th~ range (2.8 'J-3.0-llmg/l00g) o r ~In, (110-1301mg/l00g) of 

~ I~ , (2.4-3.9 Im g/ I00 g) or Zn , (O.cl-0.6Imgll OOg) 01 Cu. (22-25Imgll OOg) of Ca and (298-

3 I 0 Imgl I ~O g) 0 I' phosphoru s. I-h}\\ ~ve r, thes~ nutrients e\'alualCd 1'0 1' the same bread from whi te 

wl,eat !lour of 72% extrac ti on were on the range of (24 .1-24.69% ) moi sture, (11 .55 -11 .62%) 

pmtein. (2. 35-2.49%) fat, (0 . 89-1.~(l'X») ash an I: (S3 .7- 83 .9%) carbohydra tes and minerals were 

Oil the range 01' (1.93 -2 .07ImgIlOOg) Ivln. (1IO-IOSllllg/IOOg) l"lg. (2 .10-2.72l lllgIl00g) ln, 

(O.25-0.3 ImgIlOOg) Cu. (IS-19Im gIl 00g) Ca. (185-196 ImgIl 00g) phosphorus (Ali an el al .. 

11 /97 as cited in Mohammecl el al. . :> OOS). 

2. 1) . Functio na l ingred ients in bread bak ing 

13'Tad qual ity is determined by the complex interactions of the raw Illatcri als . thei r quali ties and 

qllant ili es used in the bread larm ul ,lI ion and the processi ng method used (Mardiana, 2008 ). 

l ienee. during brcad production the b<lker shouid st<lrt with an unde rstanding of the runction of 

in:: red icn ts in quality con trol or the bread . l 'sing good technical skills. the bakcr can manipul ate 

ti l<' inconsistencies of ingred ien ts to prod uce a uniro rm . cons isten t produc t. 

Thc basic ingred ients in a typica l bread Ill<lkiug arc flou r. IV<lte r, sail and yeasts. However, in 

nH>dem bread making a large number or othc l ingred ients <l nct <lctd itives such as yeast food. 

sugar. improvers. mil k. egg. shonen ing (fa t). elllulsifiers . antifungal agents. an ti ox idants. 

cII/.Yllles . !lavoring and enriching ingredients """ be uscd (\!duka, IlJX7 ). I:unetions of comlllon 

in gred ien ts used in bread making arc discu ssed ..?\O\" . 

2. '1 . 1. Flour 

1· lll ur is a fine pOIVder comllloni v madc from wheat bu t also rro m maize. rye , barley and ri ce 

a ll long many othe r grasses and non-grain plants. It is the maj or basic ingredient in bakery 

prllduets. Due to it s important characteri stics. II hea t !lou r is the main ingrcd icnt in most types o f 

b,..:ads. When wheat flour is mixed IVith wa ter ~ I complex protcin called gluten is rormed. During 

in teraction the delTlop~d glu ten gil'l's wheat dough an clast ic structurc that allows it to be 

V\ orked in a variety 0[' ways andlVhich allows thc retention of gas bubbles in an in tact structure 

rL'" ulting in a sponge-l ike texture to the fin al produc t. This is highl) desired ['o r breads, cakes and 

other baked products (Aboaba and Ob~lkpo lor. ~ Ol 0) . Thus. end pmduc ts arc determ ined by the 

t\ i'C or \\ heat !lour especialll protein and gluten eollient o r the !lour. 1'01' exam ple. the harder the 



"lieat the higher the protein conten t and the soner the \\ he"t thc lo \\n the protein con tcnt in the 

Ik ur. Soft low prote in wheal is used in cakes, pHstries, cookies, crackers and or iental noodles. 

UII othe r hand, hard hig:, protein (9°1<, to 15%) "heat is used in breads (iVlardiana, 2008). 

2. '), 2, Water 

In bread fo rmulation water is the second main ingred ient on the amount and the least expensive 

il l!!redient so the control of it s amount is importan t I()I' quality attributes of fi nal products. The 

111 ain function 01' wa ter is hyd rati on of eOll1po;;en t ingredi ents during dough formula ti on. It is 

vi tal throughout the bread making processes l'o r dissol ution oC sal t and sugar. ass isting the 

d i·; pe rsion of yeast cc ll, starch and sucrose hvcl l'll lvs is. ac ti vation 01' en7.Vmes to fo rm new bonds 

bCl ween the Illacroillolecuies in the fl our and conseque nt ly alters the rheo logical properties of the 

d, ' ugh. /\11 ingredi ents must have wa ter to fUllc tion . Insul'fie ien t wate r addition to the flour 

r,'·,ultcd in inadequatc co hesive ness 01' the dough. which is unable to sus tain mechanica l stresses. 

('e, nversely, excessive aillount 01' watcr added t,. the 110m resu lted in weak and sticky dough or 

dil ute a good product (.l olaosho, 20 I 0). Thus all ingredients must helVe pro per aillount of ,·vater to 

perform their I'unction. 

2. ') ,3. Yeas t 

l' l'ast is also basic ingred ient in bread formulat ion. Its role in bread mak ing are crucial by acti ng 

a, a Icavening agen t. strengthen and dcvelopin!' gluten in dough and contributing to the Oavor 

generation in the bread. It eonvcrts I'crlllcntah k sllgars in to ca rbon diox ide and alcoho l during 

dilugh Icrmentation. /\mong "cast specics. S(f,xiJ(fl'OlIll'Ce.l' cCI'el' is iae is the most common yeast 

sp,:c ies uscd in bread making (rvt ard i;IIlH . 2(JO~ :Ind .lolaosho, 2( 10) . Yeast is a liv ing organi sill 

alld it s I'unctioll call bc illfluenccd by storage' pract iccs alld othcr actions. Bake rs' yeast is 

,,, ;Iilable in dil'lercnt forms including eoml rcsscd. grallular, cream, dried pe ll ct, instant. 

ellcaps ulated and li·ozcn. For example. dry yeasts have a longc r shelf li fe and do not need to be 

r,'I'rigc rated while compressed and cream yea ,ts necd to be stored at rdrigerated conditions. 

,\l'l ivc dry yeast mus t be prc hydratcd in 5 to I. minutes bel'ore add ing to dough in water while 

ill ·aant dry ycast call bc addcd withoul pre hydrating. Thc amou nt of yeast needed during brcad 

making vari es frolll beaker to beaker ho\\e\ el: the lc \el of usage ill most bread is 2 to 5% 

com pressed yeasl (.Iol'losho. 20 I 0) . 



2,'1.4. Salt 

Sedt is another basic ingredient in bread l'o rn ulation. The primarv I"u nct ion or sa lt (sodium 

ch loride) is to give good !lava l' 01' the baked pmducls. Sal t regu latcs dough re rme ntation with a 

pe ln ial dehydration 01" the yeast cell in the time 01" dough making. It also toughens the gluten and 

slrengthens weaker Ilours. The al11 0u nt or salt needed duri ng bread making varies rrom beaker to 

be IkeI' but proper amount is important in order to obta in quality bread. Too litt le salt enhances 

tlw dough to ferment rast while too much salt slows down the fe rmentati on process. The level or 

us.lge in 111 0St bread is in the range 1. 5-2 .5% 01" lo ud !lour weighl (.Iolaosho, 20 I 0). 

2. 1).S. IIllIJl·0\·crs 

The use or improvers ill bread making has been pract iced to improve dough handling properti es. 

i nneasc I he qua I i tv 0 r rresh breads and ex lend the shel I" I i Ie 0 1" stored bread. Improvers are added 

t" improve dough strength which results in higher loa l" vo lul11e and be ller cru mb tex ture. 

Impro vers in the bread rormu lation may con l'l in onc or comb ination wi th other ingredients 

dL' Dendi ng on the I"unctionalit v orthc addi til'c in Ihe bread making (Mardiana. 2008). 



3. I\lateria ls all d Met hods 

J. ) . Description of the sampling area 

,\r~ka Agricu ltu ral Center is round in 8010so Sore dist ri ct. Wol laita Zone of" Southern Nations, 

Nilt ionalities and I'cop le's Region (SNN PR ). Ilu loso Sore Woreda is bordered on the North by 

1<,L' mbata Tembaro Zone. on the South by J)a l11o t Sore Worecla . on the West by Boloso Bombe 

\\ " recla and on the Eas t by !Jamot I'ulasa Worccl a. I\reica is loca ted 320 kilometers South of 

Addis Ababa and 30 ki lometers alVay I'rom the ,.onal capita l city. Soddo. 

Al"eo rding to the census repori or Lthiopian Ccnt ral Statist ical Agency (2007), the population or 

l3o loso Sore Worecla has 177.703. lVith an estim atcd total area of 3~G sCJuare kilometers. 

I\dministra ti ve ly thi s 1V0reda has 26 kebelcs. Tili s " 'oredn has tlVO I\gro-Eeonomic Zone. These 

arc Woina Dega with 86.4 meter altitudc above sen level and Kola \I ith 13.6 meter alti tudc above 

s["., level. The I\s tronomicallocatioll is 6"· 7" latlt'lde and :'180 longi tude. The area is located at an 

alli tude range of 1730 and 1830 l11 eters abol'C sea leve l. The area like 1110st paris or the couniry 

h,,, two periods or rainrall : the "big" ancl "sl11a l:" r,lins or June to Septel11ber and March to April. 

rc'spec ti vciy, recei ving an al'crage annual rainrall or about 1528.1I11m. The average annual 

. 19 -II d IL:lnperature IS .) C an tile yearly ll1aximum (llld Il1i ni mul11 temperaLure is abo ut 25.6oc and 

I ' 7° . I ., e. respecti ve y . 

TI' e population is predomina nt ly \Vollaita and <lgricult ure is the main source of income in the 

<l r"'L where the rarm ing system is eharae teri/cci by small scale production of mixed crop 

elrl tiva tion and rearing of lil 'estock. The food crops cultivated in th is area arc tuber and root 

CI '< )PS (cnset, taro. sweet potalo. yam. and cassa l a ). Cereals ( lerr. wheat , maize, sorghum and 

bmley). pulses ( beans, peas ancl nug) . li'uit s (halHlI1<1 . <lvocados. m<lngo. orange, pumpkin, 

11:lpaya etc), dirfcrcnt vegelahlcs <lnd sp ices a,t! stimul<lnts ( colfee. cha t. gi ngcr and pepper) . 

From the d ietary inrormation . the l11 <1 jor stapk d iets are maize and ensct la ll owed by sweet 

pot<lto and a combina tion 01' the above crol". ('<lllk. sheep. goat. chicken and donkeys are 

e\Ilnmon livestoc k production in the area (llolos \1 Sore Woreda Soe io Economic, 2003). 



3.~. Select ion of samplin g site and sampling method 

S" mp li ng s ite 

T hree swcet potato variet ies with orange, yel lo \\ and whitc flcsh colors were co ll ected from 

i\ rcka (/\reka Agricul tural Research Centcr). Wheat flour was obta ined fro m KOJJ Food 

I'r,)ecss ing Complex P.L.e. cu rren tly used for bread production. The o th cr ingred ient s such as 

co mpressed yeast. powdered sa lt (Nael) and impro ver we re purc hased I'rom the local market in 

,\d dis Aba ba. In Wollaita Zone. Areka lVas chosen 1'01' this study fo r reasons of access ibi lity and 

pl1tc nt ial area of sweet pota to va rie lics produc ed and co nsum ed as their majo r stapl e diet. In 

add ition. the i\reka Agricultu ra l Research Center is loca ted in this town which is working mainl y 

in the root a nd luber crops (cnsel, larD . swcet potato, cassava . and yam) . 

S" m plin g m e th ods 

T hrcc SlVce t potato varieties (K ob-Il. I:alaha and I<ullo) \Vith s torage root Ilesh co lors yello w, 

"hi tc and o ran ge respec t ively we rc collected I'I'()Jll /\rel; a Agri cultural Resea rch Center (ArARC) 

a' shown in Fi gu re 3 .1. /\11 the samplcs were harvcs ted lVithi n 5-6 mont hs I'rom planting. which 

IS the mat uration period of th e scleeled swcc l pota to eultivars (Gcleta, 2009) . T he sampling 

tc\'hniquc used was judgmcnt sampling mc thod : rl'Om the pl an t department ex perienced 

Illlrtic ultu ris ts who \Vork in the rescarch cent ,:r hclped me d uri ng selection of thc sampling 

v:t riet ies. All fresh sam ples han 'csted li'om thc gro und were se lec ted based on visua l 

e.\:t minati on. /\11 three swcet po tato sall1p les sckctcd conta in large. midd le and small sto rage root 

si , cs. In ad d iti o n, all samples \Vcrc not damaged during harvest and no t attacked by pests. Abo ut 

rou r kgs o f sweet po ta to storage root samplcs \Vcre co ll ected from each va ricty. Samples were 

p; leked in po lyet hyl cne bags. kept in an ice box ( to prevent mo isture loss) and transported to 

Add is Aba ba Un ivers it y of Food Seienec and Nllt ril ion Prograll1 within ten hou rs . 



A) Koka-6(Yellow) B) Falaha (White) C) Kulfo (Orange) 

Figure 3.1: Three sweet potato varieties with different storage root flesh colors 

3.3. Experimental study setting 

The experiment was conducted on raw unpeeled and peeled yellow, white and orange fleshed 

sweet potato roots for analysis of nutritional composition and antinutritional factors and bread 

from composite flours of wheat-selected (orange fleshed) sweet potato blend was also analyzed 

for nutritional composition, antinutritional factors, quality and sensory attributes. Breads were 

baked in Entoto Technical and Vocational Education Training (TVET) at department of hotel 

management. A laboratory experiment was conducted at the laboratories of Food Science and 

Nutritional Program (AAU), Chemistry department (AAU) and Ethiopian Health and Nutrition 

Research Institute (EHNRI). 

3.4. Preparation of sweet potato flour 

Flour from sweet potato was prepared based on the method described by Adeleke and Odedeji 

(2010) and shown in figure 3.2. In the laboratory, within 24 hours of harvesting for all varieties 

root samples with all root sizes were carefully selected and mixed separately for purpose of 

including all size in the study. The selected samples were manually cleaned by hand followed 

with clean water to remove adhering materials and soi ls. Then the cleaned samples were divided 

in to two parts for further operation. One portion was hand peeled and submerged in water to 

avoid enzymatic browning and then sliced to uniform thickness using a stainless steel knife. The 

slices were blanched in hot water (800 c) for 5 minutes in order to inactivate enzymes that may 

cause browning reaction and followed by immediate cooling in cold water to avoid further 

cooking (Eluagu and Onimawo, 2010). The cooled slices were then drained on perforated plastic 
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tr"y, The slices werc dricd in a hot air ovcn (dl \ ing (]\'Cn model, DI IG-9055i\) at 60ue until the 

ch ips wcre brill ie and easy to be ll1 illed (ovcl'll ight) , The dried salllpies wcre llli lled into fine 

pmvde r using electric gr inder (Il igh-Spced salllpling lll achine lllodcl- I' W I 00) until to pass 

through 0.4251l1lll sic\ e mesh size and final l) packed into airtigh t po lyethylcne plastic bags to 

minilllize heat bu ild-up and kept in the desicca tors until needcd l'or anal ysis. Salllple preparati on 

Ii". second ponion was the sa llle as above execpl thai thc cleancd salllpics werc un peeled , 

SlI'eet pOlilto roots 

.. 
Sort ing/grml i ng 

• 
Washing 

.. 
Slicing 

.. -

Blanching (XO"c. 

• 
Draining 

! 

5lllins) 

Dr)'ing (60"e, 2-111I'S) 

Milling 

L-____________ s_ie_·\ri_n_g _______ ~ 
SlI'ce t pot "to Ilo ur 

t 

Packing ~ 
~---~ 

J 

V 
Peel ing 

Fi gure 3,2: 1°1011' chart l'o r the preparation ol ' orange s\\ect potato [l our 
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3.:;. Prepa ration of'col11positr flour 

S" differe nt blcnd proportions including cl)]lt ml lI'e re designed (Table 3.1) based on the blend 

prtlp011ions used by Ifie (20 II) in his bread iClIlnulated fo rm sweet po tato fl our and wheat fl our 

""ith slit modi fications such that 5% and I O'Yn more s\\'cet potato fl ours are incl uded in thi s blend 

pr'; parati on. The approp ri ate amounts 01' slIeet pota to and whea t flours were weighed using an 

cketro nic balance to give the various rat ios 01' the compos ite flour and then mi xed with 

la horatory mixi ng mach ine to get the uniform dispersion and stored in air tight contai ners unti l 

l "ble 3.1 13 k nding ratios ol'orangc SlIcd potat" flou r 'lIld \\'heat fl our in bread formulation 

~ ' wrct pot a to fl ou r ('X,) 

o 
5 

10 

15 

20 

3.t.. Brca d preparat ion p rocesses 

Whrat noor (%) 

lOll 

l)O 

gO 

r ,) 

l'l'cads wcre formul ated. prepared and baked b:: secl on the straight dough method used by Anton 

(.2IJ OR ) wit h slight modifica tions as the mixturc's were mixed and kneaded with water in a fl at 

" " ode n materi al manually inSlead 0 1' using clectric mixer. [ xeept wa ter (variable) simi lar 

aillount al' al l ingredients such as l1oLlJ' (100%). sal t ( 1%). improver ( 1.5%) and yeast (2%) were 

us,ed in each blend during the prepa r,ll ion of Ihc dough (Table1.2 ). These ingredients in bread 

li) rmulatio n were dete rmined based on knOll kdge 1'1'0111 tradit ional experienced bakers and 

lilt: ratures (Mepba, 20U7 : iVIarci iana. 200S : .I olaosho. 2010; Uk pabi, 20 10) . 



'1 "hie 3.2 Ingredient used in dough formulation per lOlli' 

In grcdient 

Fl ollr 

Yeast 

Im prover 

W ater 

Com posi lio n (,1.,) 

100 

2 

.5 

Variab le 

1·,,1' bread baking, the straight dough method 1\as used (A nto n, 20()X), al l the ingredient s were 

a(lcled at the sallle time (Figure 3.3) "nd mi,ed manual Iv lor 5 mi nutes and kneading was done 

unti l consistent dough was obta ined. The resulted doug h was left to rest lor 20 min at room 

tem perature (Ii rst proofin g) then 100g piece of do ugh was divided. ro ll ed and molded. Each 

pi,'ee was placcd in metal pan and let to rennent I(lr 45 mi nutes at room te mperature (fi nal 

p: ,o ling ) then the baking process was carried put in electrically heated oven at 2000e for 20 

111 1n .. Arter baking loaves 1\ere separated frolll the metal pan and allowed to coo l at room 

kill perature before evaluation. The cooled loaves IVere dried at GOoe lor 9 hours and mi ll ed in to 

a li ne powder us ing electric gri nder (Iligh-Spee-l san:pl ing machine model- FW IOO) until to pass 

tilmugh 0.425mm sieve mcsh sizc and linal" packed in to airtight po lyet hylene plastic bags , 

I,"'e led and stored in dry place until used lor anal, sis. 

Flour. 'cast. salt. improver and water 

JVlixing and kneading 

I:ennenting (20 min) 

\)oUQh di, ision . 1'(,Ilinu and moldi n£! 

Proofing ,IS min) 

~======t~====~ 
Baking (2 00"C itJr 20111in) 

~==========:J'===========~ 
COl11po,ile br~lId 

Figure 3.3: Flol\ chart lilt· brclIcll11aking process 



3. "1 . Methods of Analysis 

3. 7. 1. Determination of functional proper t ies of compos it'e flours 

3:1.1.1. Wa ter absorption eapacit)' (WA C) 

Wate r abso rption capacity was determined using the cent rifuge mcthod or Sosulki (1962) as 

ciled in edema el al. (2005). Sample 01' 2.5g composite Ilour was mixcd with 30ml distilled 

""Iter in a 50ml centrifuge tube. The tube was agi tated by vortex for about 5 mi n before being 

c('ntriruged at 4000rpm 1'01' 20 min. The mix ture was decanted and the clear supernatant 

eli ',earded . Adhering drops 01' water were enrerully siphoned as much as quant itatively possible 

allel the tube was re we ighed. WAC \\ 'as expressed as the we ight or water bound by 100g dry 

!l<,ur. 

3. "1 .1.2. Glu tcn cont ent 

'I he glu tcn amount was evaluated by the standa rd methods or A /\CC test procedure (AACC , 

:~I) r )o) which in vol ves mixing lo llowed by dou ~,h development and wash ing. Ten grams of nour 

S.I111 pIeS we re we ighed and dough was prepa red bv mixing it with distilled water. After 30 

n11 nutes the developcd dough was washed with 2'10 Nael solurion lo r 5 minutes (until all the 

stl'reh and soluhle protein were removed eompiL'tcly) . The gluten alier washi ng was rinsed with 

tIll' water to remove sa l! Crom it. Then the c las tic mater ial that remains behind the washing was 

t,lI .en as we t glu ten. Glu ten amount "'<IS ealcubtccl as the ratio or the we ight or wet gluten to the 

"'l'ight or composite ilour used. 

3. '1 .2 . Eval uation or bread quality parameters 

13rcacl characteristics or bak ing qualities lIere c\'al uated by measuring the loaf vo lume. speci fic 

IU df' vo lume ancl the organokptie characteristics of' final bread . The loa f vo lume was measured 

5ri min utes aner loaves were removed f'ro11l the 11\'en bv using seed displacement method (Mepba 

el (I i .. 2007) with sli t modification using chiekpL'a (Ciecr miet inu11l ) instead o r ba rl ey seed . The 

I"di' was put in a container with known vo lu 1lle (Ve). The conta iner was filled with chi ckpea, the 

1",1 1' lias removed and the volume of' the chickpea was noted (V R). I,oar vo lume (VL) was then 

c., eu lmcd according to th" f()llowing l'lrI11ula : Loaf Vo lulllc(cm ]) = ve - VR 
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Loaf weight of bread (W) 

L.(laf weight (W) of bread was measured al'te r cooling 16 1' one hou r on digit al balance (Masood el 

a/., 2011), Height of breads was measured using sca le in cent imeters, 

Specific vo lum e of lo af (VS) 

We ight of loal' sampl es were taken and spec ific loaf volume was obtaincd by dividing the loaf 

vtl lume by its corresponding loaf we ight. Spec ilie loal' volume (\IS) was calculated in the 

li,l lowing ex press ion : Specific Loaf Volullle (cm 3 /g) = :. 

3. '1.3. Sensory evalu ation of bread 

The sensory evaluation was carried out for consumer acceptance to cvaluatc loaf attributes such 

as appearance. aroma, taste. mo ut h reel and overall acceptability of the bread sam ple within two 

huurs aner baking. T\\'cnty l'ollr panel ists comprising of students and stafT mcmbers from Food 

Science and Nutrit ion program of A/\U and students and staff membcrs of Hotel Management 

depart ment in Entoto Technical and Vocational I:ducation Trai ning Institute (TVET) were 

randomly selected to perf'orm the evaluation . \:ine-po in t category scales was used to rate the 

attributes ranging from like extremely to dislike extremely as used by (Mepba el a/. , 2007 ). 

Snmples were evaluated on II desk placed an oren we ll illuminated laboratory. which provided a 

quiet and eomf'ortable cnviron mcnt. 

In the sensory evaluation session, the bread samples lVere sliced into pieces or uniform thi ckness 

usi ng knire and codcdlVith arb itrary three digit numbers. The paneli sts werc seated indi vidually 

in order to avo id dependency or one panel on the othe r. The coded samples were presented in 

random to each panelist On identical white plastic tray at ambient tempera ture. Uns liced loaf was 

al so pro\'ideel along with s li ecd in order to e\aluate genera l appcarance of the bread sample, 

P'lI1elists were asked to indicate their degree or liking 1'01' each att ributes ol'the eoeled samples by 

ciJoosing the appropriate category, Panel ists \\ere provided with palatable water to rinsc their 

mo ut h before and after evaluating each sample in order to elim inate bias between evaluations. 
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3,7A, P,'oximate analys is 

3:1 .4,1. Determination of moisture cont ent 

The moisture content was determined acco rding to AOAC (2000) using the official method 

925,09 by oven drying. J\ clean empty alum inum dishes and its lids where dried in drying oven 

(\ lodcl DI-IG - 90S5A ) at 10S()C for I hou r and cool ed in desicca tors with fresh granul ar sili ca gel 

dc', iccants for about 30 min utes and wcighed. r:aeh sample was mixcd thorough ly and Sg 01' 

sampl es were weighcd and Iransferrcd to the dish. Thc dishes and sam ples werc placed in the 

dr\" ing oven and dried for four ho urs at 105()C. Theil the samples were coolcd in desiccators fo r 

]1) minutes and re weighed . Mo ist ure conlcnl w"s ca lculated using the following formula: 

Weight of f r esh s~ mpl e - We ig ht of dry sample 
Moi s ture content (%) = x 100 

Weight of fr es h sampl e 

3, '1.4,2. Determination of crude fib er cont ent 

Crude fibe r eonlenl \\'as dc term ined according 10 AO/\C (2000) using officia l method 962.09. 

Abo ut 1.5g weighed sample was placed into a 600m l beakcr and about 200m I of 1.2S% T-hSO~ 

" US added and bo il ed [or 30 minutes. Reco rdi ng was taken place by placing a watch glass over 

Ihl' mouth or the beake r. Afte r 30 minutes hc"t ing by gently keeping the level constant with 

distillcd water. 20m l of 28% KOII was added lind 11g"in bo iled genll y lor a fu rthe r 30 minutes. 

Subsequentl y washing was conducted wilh 1 % sldl'uric acid and NaOl1 so lut ion and filt ering was 

Ii'" owed. Alier fi lt er ing the sample II liS d ried in an electric oven at 130°c fo r 2 hours and cooled 

!()J' 30 min utes in the desiccalors and weighed. ThlOn it was ashed in a mul'ile Cu rnaee ashing l'or 

311 minutes at 550°c and cooled in the des iccators and then re-weighcd . rinally, the crude fiber 

wil tellt was ca lculated by usi ng the lollowing l(lI"Inula: 

Wl-W2 
Cr ud e fiber (%) = x 10 0 

W3 

Where: W,=weight or crueib lc and sample after drving 

W2~weighl of' crucible and sample alier ash ing, W3=weight ofsall1p lc 



":' .·Ll. Determination of' erude prote in 

I'r,) te in content was determi ned according to ,\OAC (2000) using the offic ial method 979.09. 

1\1)()u t 0.5g samples were ta ke n in a d iges ti on Ilask and 6ml or concent rated sulfuric acid was 

added and left overnight. Then 3.5ml 0[, 30% hydrogcn perox ide and 3g or the cata lyst mixture 

(7~g of copper sulfate and 0.7g of potassi um sulfatc) were added in to digestion flask. The 

mix ture was then exposed to a tempcrature pl' abo ut 370°c [or four hours in order to allow 

di gestion. Then di still ation was took placc b,' adding 25ml of' 40'X, sodium hydrox ide to the 

di gesti on nask and using 25 ml of 4% boric aci d so lut ion and thrce drops of methyl red 

sol ution as indicator into a 250ml con ical !l ask. The distillation was continued until a total 

vol ume of' 150-200ml is coll ccted in conical flask . Finally. the di sti llatcd sol ut ion was titrated 

\I it h sta ndardi zed 0.1 N hydrochloric ac id to a pink co lor and the amount of hydroc hl oric acid 

was recorded . The erudc pro te in conten t \l as cSlimatcd us ing the formul a: 

( A- B) - N-j1 0 07 
'I'otalnitrogen content ('Yo) = ' " 100 

IV 

Whcrc: 1\= volumc (m l) of' hydrochlo ri c aci d used in tit ratio n lor the tcst sample 

B = volumc (m l) of hydrochloric ac id used in tilration of lhc blank 

N = normalil), or hydroch loric ac id IIS" ri 10.1 N) 

1 4. 007~ l'Cqu ivalcnl we ight oi'ni trogcn 

W= weight in gram of a tes l samplc 

Thc protein content was cal cu latcd fi'om the fo llowing equation: 

Crude protei n (%) = %Total nitrogcn 6.15 (lor sweet potalocs) 

Crude prote in ('Vo) = %Total nilrogcn . 5.7 (lor brcads) 

3.'1 .4.4. De termi nati on of total ash content 

I (l tal ash contcnl was delermincd accord ing to ,\OAC (2000) us ing Ihe o i'licia l method 923.03. 

'1 he porcela in di sh uscd ror the anal)'s is \I as cleaned b)' dry ing oven at 105°c ror 30 mi nutes and 

co()led in desiccators lo r 30 minutes \I'as mcasured using analytica l ba lance (MI). About 2.Sg of 

til" samplc was weighed in to porcelain d ish (iVI2) ' The dishes and thei r contenl were placed on a 

hilt plate under a rumc hood and the lempe ralure was slowlv increased until smoking ceases and 

lil" samples become lhoro u[!hly charred. "I he charred samples were placcd inside the muffle 

r.lmace ICarbolite CSI ' 1200) 'I t about 550\· 1'01' six hours until rree fro m carbon and the residucs 
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appear ",h iti sh color. The sample "'lS then rCllloved 1'1'0111 the ru rnace and i I' the ashing was 

incom plele C traces or carbon arc slill ev ident ) it ",as moislened by Ihe Jew drops or de- ionized 

w,l ter and conc. I-INO] added. dried and relurn to the I'urnaee and re-ash al 5S0oc until white ash 

color was obtained. It was removed I'rom the rurnace and cooled in Ihe desiccators and final ly Ihe 

mass was weighed CM]). The amounl ol'lolal ash was ealeula tcd by using the rol lowing form ula: 

W3 - Wl 
Total As h('Ytl) = WZ _ Wl x 100 

Wil l' re: M I=Weight or Ihe dish 

M 2= Weight or rresh sample and dish 

MJ = Weighl or ash and dish 

.1. 7..l .5. Determin ation of crude fat cont!' n t 

Til e crudc fal conlenl was determ ined accordin g 10 AO/\C (2000) llsing oflicia l method 4.5.01. 

'I he cleaned extraelion nasks we re dried by dr) ing oven al 10Soc lor 30 minules and then cooled 

J(lr 30 minutes in desiccalors and wei ghcd . ;\ ckan, dried extr'lcl ion thimble conta ining abo ut 2g 

or dried sample and covered wilh rat rree eOltc' n al .. he botlom and top was placed into Soxhlel 

I" IIANG IIAI QIAN.lIAN INSTRUMENT CO .. LTD) extrac lion cham bcr. Cool ing water was 

s\\ itched on and a 50ml or Dicthyl Elher "as addcd 10 Ihe extraction nask through the 

condenser. The eXlracl ion was conducted lor aho ut I(lllr hours. Fi nall)" eX lraction tl asks were 

dr 'cd in oven al I OSO c for 30 minutcs and cool ed in Ihe desiccato rs for 30 minules and weighed. 

Thc erude fa t content was determ ined as [ollows: 

WZ - Wl 
Cr ud e fat(%) = W x 100 

Wherc: W2 = Weighl in gram of' extract ion !las i< and dried crude fal 

Wl =Weigh l in gram ofcxl ra cl ion l1as [, 

W=Wcighl in gram oj' leSI sample 
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3, 7,·Ui. Determination of total carbohydra te 

Total ca rbohydrate content was calculated by dil r~renc~ us ing the formu la as fo llows: 

C arboh yd rat e eX,) = 100 - (% crude protein + ' y" cl'lIde fiber + % tota l as h + % crude fat) 

3:1.4. 7. Determination of to tal e n erg~' 

Total ene rgy conten t was obtaincd using /\ t IVal ~r conversion lac to rs 4, 9 and .j fo r each gram of 

crll de prote in. erude fa t and ca rbohydrate and expressed in cal ori es. respectively (Guyot el a/ .. 

2tl(7), 

(
I<Cal) 

To ta l cne rgy -- == (9 x % Fal) + (4 x 'Yc, l' ro tc in ) + (4 x lVc,Ca r bo hydrate) 
lOO g 

3.B. M ineral Ana lys is 

3. B.!. Ana lysis of Cal cilll11 , I ron, Magncs iulll and Zinr 

Calc iulll. magncs ium, iron and zinc \\~re detcrmined according to the standard method of AOA C 

(:~ tJOO) usi ng an Atomic Absorption S p~ctroph[)to l11eter (Varian S!\ .. \-20 I'lus). Ashing of the 

samples were fo llolVed by d igestion and abso rption. 

A,hing: ca refu lly washed silica dish~s were dri ed in oven at 105°c for 15 minutes and coo led in 

dc, iceators about 30 minutes at roo m tell1per<lture and weighed. About 2,SOg of sample was 

lI 'd nslcrred in to each dish and placed on a hot plate under a fu mc-hood in slowly incrcasing 

tClllpe rature until smok ing ceases. The charred sample was placed in a mufne furnace at abou t 

.'i~()o(' until free from carbon and the: rcsidues appear white in color. Thc samples were then 

r,'moved li'Oll1thc mufnc furn ace and il'the ashing lVas incompletc it was i'u rther moi stened by a 

f,'IV drops of cl e-ion izcd water and concentrated nit ric ac id and dri ed on a hot plate and re-ashed 

in the furnace at 550°(' unt il wh ite ash colo r IVa' ob tained, 

I)igest ion: the ash lI'as digested IVith 'illli \)f 6l" 11('1 to wet it compl etel) and ca re i'ull y dried on a 

lo \\' tcmpcrature ho t plate. SC\'en ml 01' 3:-\ Ile l was acld~d on each dish and hcated on a hot pl at e 

ullt il the solution just boils, Thcn the s() lution lI'as cooled to room tcmperature and filt ered 

tl llllllgh a lil ter paper (\I'hatman) int o SOml v() lume tric !lask ret ai ning as mLich of the sol ids as 

[lll,sible in thc dish. /\gnin Sml 3N II CI lias adllcd to the dish to di ssoh 'e the res idue and it was 
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heated until the solution just boiled. Then the solution was cooled and filtered in to the same 

50111 1 vol umet ri c flask. The dish was then washed with water and fil tcred in to the vo lumetric 

11ask. Since calci um is to be determ ined 2.5m l of 10% Lanthan um chloride solution was added in 

501111 volumetric flask that contained the fil trate. Finally, the nask was filled with freshly de­

ionized water up to the mark. Blank was also prepared in paralle l with the sample using the same 

aillount of reagents that were used for the sample through all steps. 

S(;mdard solutions: Five series of worki ng standard so lutions for Ca, Mg, Fe and Zn were 

prepared from 1000ppm metals stock solut ions with dc-ionized wa ter containing 2.4m l 3N I-I CI 

and 0.5ml Lanthanum chloride in 10mi vo lumetric nask used to make the sample and standard 

1lI ;ltrix sim ilar. The stock standard soluti ons or minerals (zinc, calcium, iron and magnes ium ) 

were diluted with 0.3N HCI to conccntrations that 1 ~i1 1 with in the working range (0.5, 1.5,2.0,2. 5 

and 3.0 (pg/ml) for ca lcium analysis; 2, 6. 10 end 12 (,Ig/Illl) lor iron analysis; 0.5, 1.0. 1.5 and 

2.0 (pg/m l) for zi ne anelys is; 0.25, 0.50, 10 and 2.0 (,lg/ml) for magnesium ana lysis). 

The apparatus were set accord ing to the instructions and a cal ibrat ion curve was prepared by 

plotting the absorption va lucs agai nst the metal concentration in (pg/ml ). The Fe, Zn, Ca and Mg 

contcnt in the sample was determined using Ato mic Abso rption Spectrophotometer at 248.3nm. 

2 13.9nlll . 422.7n l11 and 285.2nm wavelengths, respectivciy. Three reading were taken from the 

graph for each metal which depicted lh~ meta l concentrat ions that correspond to the absorption 

val ues of the samples and the blank. The metal contents were calculated by using the followin g 

formu la : 

( 
mg ) (A - B) x V 

Me tal co ntent 100g = 10 x W 

\\,h~r~: W= Weight o f the sam ple in gram 

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

Il=Concentration (pghnl) 01' blank sol ut ion 

V = Volume of the extract (50ml) 
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3.11.2 . Phosphorus determin ation 

The samp le solutions prcpared for minera l determination was used fo r phosphorous 

dete rminatio n. About Jm l of' the clcar extract \Vas dilu ted into SOml with de-ionized water in a 

I (JOml volumetri c nask. Five ml of the sampic dilut ion was added into test tu bes. A O.Sml of 

molybdate and a 0.2ml all1inonaphtholsulpho nic ac id were added into thc test tubes (sample 

sol uti on) and mixed thoroughly step by stcp. Again 0.2ml am inonaphtholsulphonic acid was 

added into the test tubes repeatedly until the solut ion bccomes clear and then the so luti on was 

allowed to stand for 10 minu tes. Standard and blank so lutions were prepared as above but Sm l of 

working standard and Sml of de- ioni zed wat er in place 01' the samp le dilution were used. 

re spec tively. 

Six se ries 01' working standard phosphorus sol ,ltions (0, 0.2, 0.'1, 0.6, 0.8 and 1.0,tg/ml ) were 

prepared by dissolvi ng 438. 8mg of 1(,1-1 21'0'1 in somc water in a 100mi volumetri c nask and 

addcd l ml of concentrated 1-1 2SO.1 and dilutc to Ihc mark with dc- ioni7.ed water. After setti ng the 

ill :;trument operat ion proccss. the absorbance (;\) of thc sample solution was measured at 660nm 

a!!.l inst disti lled watcr using UV-VI S spect romcte r. The standard and sample blank so lution 

all ,tlys is was carried out simultanc'ousl y with s~lm ple sol ution. Ca li bration curve (conccnt ration 

\ ersus aosorbance) prepared and uscd to mcasu re the amount of phosphorus in the test sample as 

l'o llows: 

( 
mg ) (/\ - 13) x di lutionractol' x extl'acted volume 

Phosph o l"uS -- = x 100 
100g Slop e x We ight of sample x 1000 

Where: A= absorbance of sample, l3=absorbancc of blank, Slope= obtained from the calibrat ion 

J.e). An'll:vs is of antinut r it iona l fa ctors 

3 . ~ .1. Dete rmin ation of phytnt e 

Phytate cont ent was determincd using mcthod described by Latia and Eskin (1980) and later 

mod ificd by Vai ntrau b and Lapteva (I <)8~) . Abou t O.5g of dried sample was ex tracted with 101111 

O.:~N Hel in a mechanica l shaker lor one ho ur at an ambient tem perature and centrifuged at 

JIlOOrplll for 30 minules. About 3ml of the clear superna tant (sample solulion) was transferrcd 

into test tube for phytate estimation. /\bo ut 2ml of wade reagent (0.03% solution of FeCl j .6H20 
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and 0.3 % of sulfosalici lic acid in w<lIer) was added to sample so lut ion and mixed with a vortex 

(Thermo lyne mixer) l'or 5 seconds and cen triruged . Standard blank solu ti on was prepared as 

abo vc but 3ml of standard in place ol'the sam ple dilu tion was used. 

Six seri es of working standard phytie ac id so lut io ns (0 , 4.5, 9.0. 18. 27 and 36~g/m l) wcre 

prepared by di ssol ving 0.181 4g of phyt ie acid in I OO ml ofO .2N I IC I. I\l'ier selling the instrument 

operation process, the absorbance (A) of the sample so lution was measurcd at 500nm against dc 

ion izcd water using UV-VIS spectrometer (Modcl CECI C. CEI021). The standard and samplc 

blank sol ut ion analysis was ca rricd ou t simultaneously with sample soluti on. Calibration curve 

(concentrat ion versus abso rbanec) prepared and used to measure the amount of phyti c ac id in the 

te;, t sample as follows: 

. . (mg) [(A - (3 ) - In tercept[ 
Ph ytlc aC Id -- = . x 10/ 3 

lO Og (Sl ope x We ight o f sam ple) { } 

Where: 1\= abso rbance of sample 

B = absorbance o f bl ank 

Slope and Intercept = obtained from the calib rati on curve 

I' hyta te min era l molar rati o ca lcu lation: 

I'hytatc calcium mola r ra tio was obtained (mg or phytate/moleeular wc: ight of phytate divided by 

mg of calcium/molecular weight of calc ium). 

I)hytate iron mo lar ratio was obtaincd (mg of phytatc/moiccular wc ight of phytate: mg o f 

irc.n/Illo lecular we ight of iron ). 

Phytate zinc molar ratio was obtained (ll1g of phytatc/ll1olecular weight oC phytate: mg of zinc 

/Illo lccu la r weight of zinc). 

Phytate x caleiumlzine millimolar ra tio was ob tained (ll1g of phytatcllllolecular weight o f 

piJ)' ta tc) (mg or calcium/molecular weight of' ca lcium)/ (ll1g of zinc/molecular weight of zi nc) 

d i " idcd by 100 . 

3.'.1 .2. Determina tion of condensed tannin 

Tannin content was determined using the met hod of 8urns (197 1) as modi fi cd by Maxson and 

Ruoney ( 1972). About I g wcighed sample was transfcrrcd into a sercw cap test tube and I Oml o f 

I ' ~<> I-le i in methanol was added to extrnct aNi then the test tube was placed on mechanical 



shclkcr for 24 hours at room tcmpcr<lturc. Then thc sa mpl e so lution was centrifuged (Adam 

sm ith) at 1000rpm [or Il ve minutes. !\bout 1 III I 01' supernatant was taken I'rom sample solution 

and mixed (Vortex mixer) with Sml or vanill in-I Il' l reagent (m ixtu re or 4'10 va nillin in methanol 

and R% IIC I in met hanol) in another test tube c1nd then the mixture was left f'or 20 min utes to 

complete thc reacti on . Standard and blank so lutions wcre prepared as above but (0.2- 1. 0) ml of 

stock solution and cmpty test tube were used in placc oCthe sample solution . respecti ve ly. 

I)rcparation of the standard curve : D-catechi n was used as standard value [or condensed tanni n 

deicrmination (tannin in mg D-Catechin/g of sd l11ple). Six scrics or stock solutions (0, 0.2, 0.4, 

O.ti. 0.8 and l.p g/l11 l) wcre prepared by dissoh'ing -lOmg o[ 1)- eatcehin in I OOOml of 1% HCI in 

1l1l:thanol. Then thc volume of each test tube II;\S adj ust ed to lml with 1% HCI in methanol and 

5111 1 of vanillin-HCI reagent was added into caeh tcst tube and the test tube was kept for 20 

minu tes 10 completc the reaction. f inally, the abso rbance of samp le solutions and the standard 

solul ion were measured at 500nm usi ng UV-VIS speelropholometer (model CE 102 1) and the 

sta ndard curve was made from absorbance versus concentration. The slope and interccpt were 

used for calculation. The condcnscd tannin contelll in the sample was calculated using formula: 

( 
mg ) (A - 13 ) - In tcrce pt 

Co nd ensed tannin lOOg = Slope x d x W 

Wherc:!\ = Sample absorbance, d = Dcnsil)' o r sol ution (0. 79Ig/ml ) 

13 = Bla nk absorbance. W = Weight or sam ple in gram 

3.') .3 . Dcte rmination o/' oxalate 

Cl .\,ti ate conte nt 01' sample was detennincd using method orig ina lly cmployed by Ukpabi and 

Eji doh (1989) which involvcs digestion. precipitation and titration . 

Digestion: Two gram weighed samplc was sll spcnded in 190m l de-ionized water contained in a 

2-,Oml con ical !lask. Thc samp le solution lVas digcsted by adding 10mi of 6M HCI at 100°c fo r 

one hour. Thc digcsted So lulion was coo led and ImIde il lip 10 250ml us ing distilled water and 

II1 ('n Ii Itered. 

O"alatc precipila ti on: duplicalc ponion of 12-,ml 01' lillrate wcre mcasured in to a beaker and 

IllLlr drops 0[' methyl rcd indicator added. fo llowed b,' thc add ition of concentrated NI1 40 li 



su lution dro p wise until the tcst so lution changes [rom salmon pink color to fa int yellow color 

(p i I 4-4.5). Each portion was then heated to 90°c, cooled and fi ltcred to remove precipitate 

con taini ng ferrous ion. The liltrate was then aga in heated to 90°c and 10mi of 5% CaCI 2 solution 

WilS then added wh ile being stirred constantly .. " I"ter heat ing it was cooled and le ft overn ight in 

rcl·r igerator (5°c). The so luti on was then cent rifugcd at a speed of 2500rpm for 5 minutes. Then 

the supernatant was decan ted and the precipitate complete ly dissol ved in 10mi of 20% (vl v) 

I·I, SO., solu ti on . 

I'ermanganate titration: at this point the total lil trale resu lt ing frol11 digcs tion of 2g test sam ple 

"'"s made up to }OOml usi ng dist illed water. Aliquots of 125 ml of filtrate were heated unti l ncar 

boi ling and then titrated agains t 0.05\11 standard K ivi nO., sol ution to a lilint pink color which 

persists [or }O seconds. 

mg T x Vm e x Dr x 105 

Ox a l ate( lOO ) = w 9 MEx 

Where: T = the titre of KMn04 (ml) 

Von, = the volume-mass equivalen t (i .e. cm3 01'0.05 MKMn04 solution is equivalent to 
0.00225g anh ydrous oxa lic acid ) 

Dr = the diluti on faCi or VTA (2 .,,) . "Im c VT is the tota l volume ol·l i lt rate (300ml) A is 
the aliquo t used (125 ml » 

ME = the 1110 lar equivalent of Kivln04 in ox alate (KMnO·l redox rxn+ 5) 

W = the mass of 110ll r IIsed 

3. 10. Sta tistica l an alys is 

Uata for nutritional and antinutr itional factors of yell OW. wh ite and orange swee t potato eul tivars 

in thei r roots unpeeled and peeled conditi ons "ere analyzed with tlVo-way AN OVA to evaluate 

the effects of vari et), and process ing. The ciTed of blend ing ratio on nut ritiona l, antinutritional 

and sensory allribu tes of breads was anal Y7.cci with one '-\fly ANOV A. Mean differences were 

st"t ieally s ignifican t at p<0.05 and the means of each pa ramete r were compared us ing Duncan's 

Illult iple range test proceci ures to separate the means uS Ing SI)SS. version 15.0 soliware. 

Res ults we re reported I, standard error (SE) of du plicate and trip licate . 



4, HeslIlts anti Discuss ions 

,1. 1. Prox imate composition ofyclloll', wh ite an d orange fleshed sweet potntoes 

The mean va lues for proximate compositions such as moisturc, crude protein, crude fa t, total ash, 

el'llde fi ber, tota l ca rbohydratc and total cnergy ai' threc swect potato cu llivars of raw roots in 

their un pecled and pecled states were invcsti1lated and the erl'ect s 01' resu lt s are prescnted in 

Tab le 4.1. 

Table 4.1 I'roximate composit ion (gil OOg) oj' )'ello\l', white and orangc lleshed sweet potatoes 

Iy 

-

lJ YS I' 

UWSI 

lJOSI 

PYSI' 

I'WSI 

I'OS], 

, 

, 

, 

Moisture ' 

71.7J i 0.05" 

72.45.10 0.03' 

76.97 01. 0.23" 

68.58 , 0.45 

70.51 ,· 0.60" 

74.84 01. 0.13" 

Pro tein Fat 

6.50 .10 0.05" 0.49 .10 0.02" ' 

4.60 ± 0.10'- 0.53 ," 0.03" 
I 

2.R4 .l O.41 d 

~'~ 
~ 

0.07" ~ '1.'1 1,' 0.66 10.00" I 
3.46 1 0.01 ' 0.72 ±0.01 ' 

2.48 -j o.~·rJ 1.1 2 10 .0 I" 

Fiber As h CI IO** Energy **?; 

6.65,.0.00" 3<19 ± 0 09' 82.88.100. 16' 36 1.86±0.3iT 

5 . 24J..O .O~ <1.84 ±0.05 " , 84.79"'0.22 368.12±0.20' 

,1.52.100.0 I' 4.94 .10 0.04" 86.7 2.100.30' 373.97± 1.87" 

'.59 j O.OS' 3.04 .10 0.04" 8X.32-i:O.04a 376.90.LO.20" 

2.94.100.09 <1.04 .100. 05 " 88.86±0. 14' 375.65±0.4 5'" 

3.83 LO .06 IJ
- 4.33 ± 0.0311 88.01 ±0.04 373.05±0.251

,' 

H l~p ortcd values arc the mean :l:SL (11-2). Means wllh diffe ren t letters in the sa me column arc signifi cantl y different 
(l'- 0.05) . Nll: UYS P & PYSP (Unpeeled and peeled Ye llow Swcel POlalO), UWSP &. PWSP (U npee led and peeled 
White Sweet Potato) and UOS P & POSP (LJJlPcclcd and peeled Orange Swcet 1)01<110), respec ti vely. *Wet basis, 
*. Total Carbohydrate, ** * in [(c<1l /1 DOg. 

4. 1. 1. Mo isture cOlltent 

The moisture content 01' t hr~e sweet pOlalo ,arie ties was sign ili cant ly affected (1'<0.05) by 

process ing and variety bu t Ihe ir in teract ion did have a non significant ellec!. The mean va lues for 

l1loisl urc con lent among three sweel po ta to eu lti"ars ",ith two proccssing me thods Cfa ble 4. 1) 

s'",wed slatistieally signili cant vari ations: ranged I'rom 71.73-76 .97 and 68.58 -74.84gIl00g for 

I\ npe~led and peeled conditions, rcspectivel )' . II W:lS observed that the mcan moisture eontenl o r 

vellow. white and orange s\l'~e t potillo var icti es \I'ere 71.73, 72 .45 and 76.97g1l00g and 68. 58, 

70. 51 and 7.).84 gil OOg lor un peeled and peeled cases. respec li vely. According to the resu lt oj' 

stp. tistical ana lysis, the mean moislure contcnt " I' orange sweet potato vari el), was significantly 

(P <0.05) higher than that 01' bolh yello \l and "h ite sweet potato varieties in both unpeeled and 

peeled conditions. Similarly, mean moi sl ure' content o r white s\\'eet polato vari ety was 



si~:n ificantly (P<O.OS) highcr compared to the mean mo isture content 01' ycllow sweet potato 

v:lrielY in both unpeeled and peel cd conditions. 

(lrl the ot her hand, peeli ng was significantly decreased (1'<0.05) the mean moisture content of all 

three sweet potato varieties. Th is Illay be higher amount of lVate r is contained in outer ski n layer 

Ihan that of inner nesh layer of sweet potato mo ts. Resu lt s cons idering moisture in the present 

study arc in the same li:1C with works of (ENVI.JM/MONO, 20 10) that had been reported the 

average moisture content 01' (77.3g/1 DOg) and ((j6 .1-74.9)g/1 GOg raw slVeet potato root samples 

with sk in and without skin . respectively. iVloreOler. the mean range values of mo isture content in 

th e: currcnt study arc also comparable to the "",;rage mois ture contcnl that had been reported by 

Purce ll ef al. (1989) for 16 slVcet potato vari cl ies grown in No rt h Carolina (7 1.7-76.3%), 11 

slleet potato varieties grown in West New Guinea (69.2 1-77.2%) and 6 swcet potato varieties 

gl'Own in Ugandan (60.8-69.7%) . The reason !lll·the obsclTed differences in 1110 isture content or 

samples in the present study from earlier 1V0rks co uld be at tri butcd to the variety difference, the 

climate, the type of soils and others factors while the observed dillerenccs in moistu re content in 

the current study might bc contributed by \'ariet\' difference. 

-I. 1.2 . Crude protein co ntent 

Thc crucie pro tc in content or th ree sweet potato va rieties was significantly arfccted (P<O.OS) by 

IJI',)cess ing. variety and thei r interaction. As indicated in (Table 4.1)_ signilieant differences 

(p<0.05) exist betwecn the pro tein content or th~ three sweet potato eult ivars and the value 

rangedli'olll 2.84-6.S0g/ 100g in unpecled and 2.·IS-4.'llg/ I00g in peeled cond iti ons. The Illean 

erudc prote in va lue 01- yellow, white and ol'il nge swcet potato variet ies was 6.S0. 4.60 and 

2.g4g/1 OOg and 4.4 1. J . ~6 and 2.48gl1 OOg [or unpeelcd and peeled roots, respcc tive ly. The crudc 

protcin conknt or yello\\' s\\eet potato "ariet, was sign ificantly (1'<0.05) highe r than that or 

"lli te and orange sweet potato variet ies in bOlh unpecled and peeled conditions. Similarl y, the 

nwan crude protein content of white s\\cet pot81o va riety was significan tl y (P<0.05) higher 

cornpared to thc rnean erucic protein eontcnt or orangc s\\,eet potato var iety in both unpee led and 

peJed cases. Such observed differences in erudc protein contcnt in thc currcnt study might be 

con tri buted by cult ivms or genetic di lTe renee. since all the stud ied varieties were col lected fro m 

the same environment Hnd so il type. These results arc well agreed within the range of values 

(1 .73 to 11 .8%) that had been reported by Purce ll ef al. (1989). It was observed that peeling 
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decreases the mean crudc protei n contents of the Ihree sweet pota to varieties: this may be higher 

amount o f prote in is accumulaled in outer ski n laycr Ihan thut of inner llesh layer of sweel potato 

ron lS. Simi lar result s had been reported by (Wil liam e/ al. . 1984: ENV/.IM/MONO, 20 10). 

,1. 1.3. C rudc fat cont ent 

It was observed that the crude f'll conlent is generall y low in all invest igated sweet potato 

ellit iva rs: a similar idea had been reported by 130ggcss el al. (197 1). The crudc fat content orthe 

th ree sweet potato varieties was indicated to be signi ficantl y affected (1)<0.05) by processing and 

var iety but not in their interac ti on. Rcsult in 'Llble 4.1 shows that thc mean fat content of three 

sweet potato cult ivars was sign ificantly varicd and the mcan va lue ranged li'olll 0.49-1.00gI100g 

in unpeeled and 0.66- 1.12gl1 OOg peeled condilions. The observed value of crude fat in ye llow. 

\llli le and orange sweel pOlalo varic lies wc re 0.49, 0.53 and 1.00g/100g and 0.66, 0.72 and 

1.12gl1 OOg in unpee led and pce lcd rools, respeclively. The mean crude fat con tenl of orange 

slIeet polato variety was signifi eant!y (1'<0.051 higher than that of both yel low and white sweet 

p'llalO va rieti es in their unpeeled and peeled c'lses. Yellow sweet pOlato eultivar contain lower 

klci of mean crude lill conlent than Ihal of \I'hile s\I'eel polalo cultinlr in bo th unpeeled and 

peeled states bUI the value was nOI signilieanlly dilTcrenl (1'>0 .05). Thi s obscrved diffe rence 

an long the three swcet POtiltO eultivars may he eontri buled by genclie varialion, since other 

I~H:lors arc kepi constant. 

Ou Ihc other hand, the l11e,lll crude fflt eonlenl was observed 10 bc significantly higher (1'<0.05) 

in peel ed than that of unpecled sweet potato root in all Iheir corresponding varieties. This migh t 

be die tary fal more ace ulllulated in inner Ilcsh layer Ihan thai of ouler sk in laye r o f sweel potalo 

roo ts though biological processes. This resul l \\"lIS similar \I ilh rcponed va lue of 

r· '.; V.'.l M 'MONO (20 I 0) Ihm Ihe level llf avewge If II content in peeled s\I'cet pOlato roots (0.6-

D.'7% ) is highcr than tha t 01' unpcelcd rOOls (0.2" ,,) . 

,1. 1.4. Crudc fiber content 

h lOds wil h high fiber Call reduce caloric uptake and provide health bene fils concerned to reduce 

incidences of chronic diseases such ns colon cnnccr. diabeles . hean di seases nnd ce rtai n digest ive 

di ~'eases (Wanda and Wa lter. 1989). The crude liber con lent of Ihrec s\lect potato va rieties was 

sif:nilican tl y alreeted (P .... O.D5) by processing, lariely and Iheir interaclion. It was observed that 
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til,: mean crude fibcr content or three swect potato cult iva rs was significantfy varied (Table 4. 1) 

and the mcan va luc rangcd rroll1 4.52-6.650gl1 (lOg for unpeeled and 2.9-1-3 .83 gil OOg for peeled 

l'l)" ts. The mean li ber content o r yellow. whi te 'Illel orangc swect potato va ricties was 6.65 , 5.24 

and 4.52gl1 OOg and 3.59. 2()4 and 3.83gl1 OOg lor unpeeled and pceled roots. respectivel y. The 

mean erudc li ber contenl or )'e llow swcct pota to var icty was sign ificantly (1'<0.05) higher than 

lil at or both white and " range sweet potato v<1rieties in unpceled condit ion but the va lue was 

sil'·n ilicantly (1'<0.05) higher in orange swcet Jlotato varicty than that or both white and ye ll ow 

Sllcct potalo varict ies in pceled condi ti on. The result also indicatcd that the mean crude fiber 

con tent of white swecl potato va ri cty was signilieanlly (I' <0.05) highcr compared to the mean 

v:llue of orangc swecl potato variel), for unpcelcd and was significantly (P <0.05) lower for 

pee lcd case. 

On the olher hand. processing conditions wcre indicaled Ihat Ihe me,") crude fibe r value was 

siVn i lican tl), higher (1)<0 .05) in unpecled sweel pOlalo root Ihan thai of' pcelcd s"cet potato root 

in al l th ei r corresponding vill'ielics. Thi s might bc more dietal')' fi ber accultlulaled in outer skin 

la ) c r Ihan that or inner Ilesh layer or swel' l po tato root. ,\ similar finding hael becn reported by 

F'/ V.'.l M/MONO (2010) that Ihe Ievcl 01' avcmge libcr contcnt in unpecled raw swcet potato 

ro() t (1 3.2 g/ IOOg) is higher Ihan tlull orpeclcd nne (6 .8g/l00g) . 

-1. 1.5. Total ash contcnt 

r'\,.h eontcn t in a rood itet11 shows inorganic residucs alier the organic subs tancc has been burnt 

all ay and it gives c1uc or the total mineral conlcnt of a lood product (Olaoye el al. , 2007). The 

ash contcnt of threc swcct potato varicties was significant ly arrected (1'<0.05) by processing, 

vnriely and their interaclion. The studied three slVee t potato eult ivars IVcre sign ificantl y vari ed 

Crabl c 4. 1) in their totnl ash content and the t11can valuc ranged rrot11 3.49-4.94gIl00g in 

unpcclcd and 3.04-4.33gI1 DOg in pecled cases. I'he mcan ash valuc or yc llolV. white and orange 

sllec t pOlato varie ties lI'as 3.'19 . 4.84 anei 4.9~ gr I DOg and 3. 04, 4.04 and 4.3 3g/l OOg fo r unpeeled 

and peeled rOOIS. rcspeclivel\·. Thc t11can lotal <lsh content oj' ycl loll s\Vce t po tato variety was 

siF.n ificantly (1' <0.05 ) lo\\'cr than Ihat or both IIhile and orange Sll'cel potalo varieties in both 

lttlpeelcd and peeled roots. Ora nge sllcet potato eult iva r has the hi ghest mean ash content than 

111;11 or white and yellow S\\eet potato eulti\ ars in both unpeelcd nnei peeled conditi ons but 
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si ~~n i fican l dilTerence \\ ,IS nOI obselycd in unpec1ed roOI or orange and while sweel potato 

c lti lil'ars. 

In consider ing cffeci or proccss ing, similar Irend \vas obserl'ed li ke in fibe r: Ihc mcan ash content 

WilS significantly hi gher (1'<0 .05) in unpccled swect potato 1'001 than Ihal 01' pee led sweet potato 

1'001 in all their corrcsponding variet ies . This mighl bc either more inorganic mailer is 

acc umulated in outer sk in la yc r Ihan Ihal of' inncr Ilesh layer in slo rage sweet pOlato root or some 

il lll rga nie mailer that adhered Ihe sk in laycr 01' roo t mi ghl be conlributed duri ng processing. i\ 

siln ilar trend was obscrl'cd in [NV/.l~I/M00.0 (20 10) that unpeeled (4 .4g/l 00g) raw sweet 

pot ala roots contain hi gh average ash con tcnl Ihan that or peeled (2 .6-4 .0g/1 OOg) one. 

4, 1,6, Tota l cHl'bohyd nlle co ntent 

The tot al carbohydrale content was determined by differcnce, Thc total carbohydrate content of 

th rce swcet potato varie:ies \\'as signi licantl y alTecled (1'<0.05) by process ing. var iety and their 

in lc racti on. All the il1\'csti gated swect pOlato cul livars werc signifi cantly varied Cfable 4.1 .) in 

Ih" ir carbohydrate con lcnl and thc mean \'al ue rangcd from 82.88-R6.72g/l00g in unpeeled and 

8S.0 1-8S.86g/ 1 OOg in peeled eondili ons. The Illean carbohydralc conlent of yellow, white and 

or'lJ1ge sweet potato \'a riclies was 82.88. X-I .79 anci 86.ng/1 00g and 88 .32, 88 .86 anci 

8 ~.O I gi l ~Og for unpeelcd and peeled rools, rcspectivcl y. Thc mcan carbohydrate content of 

ora nge sweet potato variety was sign i ficanlly (1 '<0 .05) highc r than Ihal of both ye llow and whi le 

S\\eel pOlato va rieties ic case of unpeclcd roOI sa lllpies while whi le swccl pola lo vari ety has the 

highesl earboh ydratc conlcnl in pecled conciil ion . 

C;cnerall y, the ca rbohvdra lc contents ill all in\'cstigatecl sweel pola lo cull ivars were high. i\ 

siln ilar idea had been reported by Collins and Wa llcr ( 1982) thatmosl of the dry mailer (85 10 

90%) ol'lhe sweel potal o ""IS carbohydrale. ECke l of process ing also showed that pee ling was 

s i,~ nificantly inc reased (1' <(J .05) Ihe lllC'1Il ea rbolwdrate contcnl o/' thrce sweel potato va rieti es. 

'I hcsc observed variali ons migh l bc resull rronl Ihe dilTerence ill Ihe protein, faL ash and fiber 

C(ln tcnt or varie ties and processing. 
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~. 1. 7. Total cn crgy co ntent 

The energy content o l' thrcc sweet potato varieties was rou nd signiJicant ly in nucneed (1'<0.05) 

bv proecss ing. vari cty and the ir intcrac ti on . /\11 thc inve>tiga ted swect po tato culti vars werc 

siF. nilicant ly varied (Table 4.1) in their cncrgy content and thc mcan valuc ranged from 361 .86-

373 .97Keal/l OOg in unpl'ded and 373.05 -376.9()Keal/l (JOg in peeled root samples. The observcd 

mean energy va luc or yello\\'. whi tc and orangc Sl\'eet po tato var iet ies was 36 1.86, 368 .12 and 

J73 .97g/ l OOg and 376.90, 375.65 and 373 .05g/l ~Og 1'01' unpecled and peeled roots, respecti ve ly. 

Thc mean encrgy content 01' orange swcet po tato va ri ety was signi licantly (1'<0.05) higher than 

tha t or bo th yellow and wh itc sweet po tato val ie tics in unpeeled root samp les while the lowest 

val ue was obta ined in yel low swce t potato in the same condi tion. In peeled condi tion, the highest 

and lowest mean cncrgy eun ten t was observed in ye ll ow and orange sweet potato varieties, 

rl'!: pectively even tho ugh sign ificant d iffe rence was not observed between yellow and white and 

or: lI1ge and whi te sweet potato cultiva rs. 

Sim ilarl y carbohydrate. the cnergy contents in "II inves ti gatcd swect potato eult ivars were high. 

Thus. the principal usc ors\\'eet potato like other starchy roo t and tubcr crops as human rood and 

:lIli lll al ICed is thcre f()J'c as a source or dietarv l'ncrgy viclding ingredicnts (Philip, 1991). Efrect 

oJ' proccssi ng also rCI c"lcd that pceling lI'as signiJicantly increased (1)<0.05) the mean energv 

con tent o r all the st udicd SII'cct potato CUllil aI's. I'he obseJ'lcd I'ariations in energy contcnt in 

v'lrict y and process in[.! nWI' bc contributed rrom the differcnce in the prote in, rat and fibcr 

C(ln lcnt of va ri eties and procl'sses . 

. I. :~. M in eral cO ll1p osition oryello \\' , whi te a nd ora ngc fleshcd sweet pot atoes 

In this sect ion th ree slVcet pota to varie ties 1'0 1' mineral (ca lcium. magnesium. phosphorus, iron 

an.! zi nc) content in their raw roots unpec lcd and pee led condit ions wc rc ana lyzed and the 

al'crage results are prcsented in Table 4.2. 

~ .: ! .1. Ca lciu m cont en t 

The ca lci um eontcnt or three sll'cet poWto laricties lVas sign ifi cantly afl'eeted (P<O.05) by 

pruccssing. va ri ety amI th eir inlcracti l )Jl , ,\1 ' the in\CSligatcc! S\\ 'CL'\ po1a10 cult ivars were 

si ,' niiiean tly I'aricd Cl'able -1.2) in thcir calciul'l C<l ntcnt and the mean valuc ranged rrom 7.42-
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47.04mg/ 100g and 5.28-·IS.:'4mg/ l OOg in unpeclcd and peeled root samples. respectively. The 

mean calcium content 0 1' yellow. wh ite and orange sweet potato varict ics were 7.42, 7.95 and 

47. 04mgll ~Og and 528, 6.0-1 and 45 .S4mgll OOg for un pecled and peclcd roots. respect ive ly. The 

lll ean calciu m content or orange sweet potat o "ar iet)' was signilicant ly (P<O .OS) higher than that 

o r both yel low and white sweet potalo variet ies in both unpee1cd and peeled conditions while 

yel low sweet po tato variety contains the lowest in bo th unpeeled and peeled eascs. This va riation 

might be contributed by cultivar dilTcrcncc .!\ simila r idea had been reportcd by Elkins (1979) 

and I,opez el al. (19 80) that the level 01' calcium content is varied ['1'0111 cu ltivar to culti va r and 

the observed average ,'alue was 17.4-32.7 (mg/ l ~Og). In some sweet pota to eult iva rs, high level 

or average ca lc iu m (78.Gmg/ l ~Og) content h,td been reported by (Purcel l el ai. , 1989). The 

observed variation between average range value or calc ium content in this resu lt and earlier 

I'il' d ing l11i ght be attributed by cultivars . climate. so il types, loca ti on and othcr factors (Serge. 

I ()96). 

On thc other hand , clket or processing re" caled that peeling was signiJ icantly decreascd 

(['<0.05) the mean ealeiul11 con tent of all studied sweet potato varieties. This result is expected 

because hi gher value of 't"erage ash content "as observed in the outer skin layer of sweet potato 

roo t than that of inner Ilesh layer du ri ng proxim<ltc stud) currently: hence ash is indicati ve of the 

<l't loun t of mine ral s contained in anI' loud sample lOlallye cl ((i .. 2007). ~IOI'eover, therc migh t 

be either more inorg<lnie l1l<ltte r is accumul<llcc1 in ou le r skin l<lyc r than th at or inncr Ilesh layer 

in storage sweet potato root or sOl1le minera ls that are adhered wi tlt the ou ter layer of' the root 

li'«111 the so il may be attributed calc iu m during process ing. !\. sim ilar linding had been reported 

b\ EN VI.J M/MONO (2010). 

4,;!.2 . Iron eontcn t 

TI'e iron content 01' three swcet pot<l to varieties was signili cantlv alTeeted (P<O.OS) by 

prncess ing. variety and their interac ti on. The llle,rri v<llues lor iron con tent among three sweet 

potato eu lti vars with dilfercnt process ing methods Crable 4.2) showed sta ti stically significan t 

variations; ranged from 11 .51- 15.26mgll DOg in unpecled anc! 8.70-II.4Smgll ~Og in peeled root 

s8rllp les. The mean iron value or yellow. white and orange sweet potato varieties was 11.51 . 

n.35 and 15.26mg1l00g and R.70. 9.69 anc! 11,45rng/IOOg lor unpeeled and peeled conditions. 

r,·~,pec t i,c1y. The mean iron eontcnt or orange ,"cet potato ,ariet) "as sign ificant ly (1'<0.05 ) 

52 



higher Ihan Ihat 0 1" both yellow and while SlI e'CI potalo I'aric lies in unpeded and peeled rool 

sam ples. Simi la rl y as calciul1l. yclloll' slI'eel polalo variell conla ins the lowcsi iron content in 

bolh unpee lcd and peeled cases. j\ simi lar lindi ng had been reporled by lolki ns (1979) and Lopez 

el (II. ( 1980) Ihal Ihc lelcl of iron eonlcnl is I'aried [ro m culli var 10 cul livar and the observed 

ave rage valuc was 0.85-9.59 (mg/IOOg) . In SOl1le sll'cel polalo va riclies, low level of iron 

(1. 72mg/ I OO g) conlenl had becn rcponed by (Pu rce ll el al .. 1989). This va rialion mighl be for 

Ih(' sa me reasons of calc iul11 eonlen t Ihal lI'as l1len lioned abOlT. The unpee led 1'001 sampl es 

con tain high levc l ol' iron conlen ll hanlhal ofpcelcd roO I samplcs in al l invcs li gated sweet potato 

cul livms: th is mi ghl be 1,,1' similar reasons Ihal ,d'e mcnlioned in ca lcium contcnt. 

Tab le 4.2 Mineral composition (mg/ IOOg) ol"yelloll . while and orange sweet po latoes 

\' ariety Calciu lll Phospho rus I ron Zin c Magnesium 

LYSP 7.42c!O.O I d 19.22",0 .01' I I . 51 i.U . 0~ ' 1. 14.Hl .OI' 5.86±0. I I' 

l jWSP 7.95"_0.02' 24.50 d).O I" I ~.35",0 . () I b 1.97,W.OI" 5.98±0.025" 

lI OS!' 47.04_,,0.0:'" 22. 111,0.01" 15 .26,,-0.02" 1.30.100 0 I b 3.00±0.075h 

PYS P 5.28 (). () I' 15.70, 0.10' no 0.0 I' I' UI) , I 0.68-" 0.01 

I'WS]' 604". 0,01 ' 2 1.80 J 0.0 I" 9.69 J 0.0 I" O. 79_LO.0 I" UD 

POSP 45.54 I, 0.0 I h 20.67 ,L 0.01 " II.~S ,, 0.01" O.9HO.02" UD 

R~po rlcd values arc th e tl1C'dll LSI ': (11 - 2). Means with diflL:l"l'tll letters ill the s all1~ <.:01U1l111 ,Ire signi fi cant ly di fferent 
(1' <0.05) . NI3: UYS I' & 1'1'SI' (Unpeelcd ""d peeicd Yello\l Sweel I'o,alo), U\I 'SP &I'WS I' (U npeeled and peeled 
Whi te S\\ cet Potmo) and UOSP & POSP ( LJnIK'clcd <lnd pL'c k'd Orange S Wl'ct PotiltO). LJ ]) (undetected). 

~ .2 . 3. Zin c co ntcn t 

Tile ' .inc conlenl 01' Ihree sweel POI<110 va rieties was signilican tl)' affec ted (P<0.05) by 

prnccssi ng, va rie ty and their in teraction . /\11 the inl'l:stigated swcel pola lo cultivars were 

sit'n ilicantl y varied (Table -1.2) in the ir zinc conlent and Ihe mean I'ailic ra nged from 1.14-

I .'>7 mgl1 OOg in un pecled "ml O.6S -0.93Illg/ 1 OO g in peded eondil inn. The Illcan zinc con tent of 

vcll ow. whi te and orange' slI'eel potato I'arieties wCI'e 1. 14 . 1.97 and I .JOll1 g/ l OO g and 0.68. 0. 79 

a,d 0.93mg1100g I()r unpcclcd and pceled conditions. rcspcclil·cll'. Whitc and orange sweet 

p"ta tO clll li,ars conlain the highest zinc con lcnt in unpeeleel and peeled cond ilions, respcel ivel y 

,,!ti le ),el loll' sweel POUliO variely contains Ihe IOll'esl zinc conten t in bOlh unpee led and peeled 

conditions. Zinc content is generally lOll in all invcsligaled sweel po lalo culti vars; a similar 

ol"ervation had been reported by Ukins (1979) and Lopez. ('101. (1980) thai the average level of 



zillc COil te nt in di fkrcnt slIcet potato cllitivars lI'as I'ari cd from clIltivar to ell it ivar and the 

ohserved average value ranged as low as 0.26-0 .27 (mg/l OOg). Similar to other minera ls. peeling 

"""S significant ly decreased (1'<0 .05) thc mean line content or all studi ed sweet potato varieties 

evc n thollgh the zinc contellt in both unpeekd ;lIld peeled cases can be considered low. A simil ar 

rc~; u l t had been reported b,' I'NVI.IM/M ONO (2010) that sweet potato conta ins higher leve l of 

zille in lin peeled (1.30m gl I OOg) condi tion than that of peefcd (0.6- 1 .2mg/l OOg) condition. 

4.2 .4. Phospho r ll s content 

The phosphorus conten t or three sweet potato eul tivars was significant" influenced (1'<0.05) by 

processing. varie ty and thc'ir internet ion . The mean val ues I"r phosphorus conten t among three 

sll'eet pOlato euitivars with di fferent processing methods (Table 4.2) was indicated stati sticall y 

si ~. n ifieant variatiolls: r;)]l,;cd rrom I 'J . n-2~.50!1lg/l ClOg in Ilnpecled cond it ion and 15.70-

2 1. XOmg/i OO g in peeled cond iti on . Result shall s that the mean phosphorus conte nt of ye llow, 

whi te and orange sweet pota to varieti es ""IS 1'!.22. 24 .50 and n.llmg/iOOg and 15.70, 2 1. 80 

and 20. 67mg/l OOg lor lInJlceled and peeled roots. respect ively. White sweet potato ellitivar had 

the highest vallie of phosphorus content in both llnpecled and peeled cond itions whil e the lowest 

v;Ji uc was observed in yelloll sweet potato "ariet, in both llnpeeled <l nd peeled root samples. i\ 

slilli lar linding had been reported by I'Ikins (InC)) and I.opel. el al. ( !<)sO) that thc level of 

phosphorus con ten t is v,ll'ied rrom eulti"ar 10 cult iva r <lnd the observed average va lue was 39.2-

48.9(mg/JOOg). In some sweet potato clIlti,·ars. high ieI'd or <lveragc phosphorus(!!5,4 

111 id IOOg) conten t had becn rcported by (I'llreell ('I 01.. I n'J). On the other hand, pee ling was 

si ~:niliean t ly dec reased (1'<0 .05) the mcan phosphorus content of <III studied sweet potato 

vmict ies: a simi lar idea was observcd bv 1·:\,\1 IJiVI/MONO (20 I 0). This variation may be 

cont ributed by similar re;lso ns that are di scussed above I'm other 111 inerals . 

-l . :~ .5 . iVla gn cs illlll cO ll tcnt 

The magncs ium content " I' thrce slleet p,ltmo ,·;trieties II';I S de termined onlv in their root samples 

unpecled cases (dlle tn shortagc or materi ;lis ) and the mcan value ranged fr0111 3. 00-

5.'I Xmg/J OOg. It was im estigatcd that thc mean m;lgnesium content or ye llow. white and orange 

sllect potato va riet ies lIere 5.86. 5.98 and :>.Olllg/J OOg. respec tive ly. The mean magnesium 

ed ntent or orange SII eLl potato variety II :IS sign ili l'antly (1'<0.05) IO\\'e r than that of both yellow 
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alld ,," hi l~ SlVccl p"lal" \aricties . On the other hailci. whitc ,,\ect PC)t"to \'a rie ty contains higher 

Ic \ c l or mcan magnes iul11 valuc than tha t or ,"cl io\\' S\\'cc t pOlato \'miclY but the va lue was not 

s i~'. n i licanlly differcnt (1'>0.05 ) rrom cach [)\h~ r . Gcncrally. thc magncs ium content of all 

vil rietics in this in vcs ti g'l ti on can bc cons idcrcd low ncxt to zinc among thc above discussed 

minera ls. A simi lar ide" had bccn rcponcd b) Lik ins (1 979) and I"op~z ef CI/. ( 1980) that thc 

le vcl of magncsiul11 co nkn t is vari ed rrOl11 clli ti va r to cu ltiva r and thc observed average va lue 

was 18.3-22 .2 (mgIl OOg) . In somc swcct pota to cul ti vars.the Ic"eI or avcragc magnis ium ( 12.20-

30.40mgll OOg) contcnt had heen reponcd bv LJko m cf CI/., (2009). Thc va ri at ions in magnesium 

conten t l11 ight be con tribllkd cullivars , cl imatc , so il typcs. location and ot her fact ors. 

,1.3 . Antinlltrition al fa rl() r~ of yellow, whitr a nd orange rIrsh ed swert potato culti va rs 

Threc swcet potato vari cl ies in thcir raw root s lInpee led and pccled conditions far anti nutritional 

I;\(: tors such as phytatc. phytate mi ncral l11 0lar ra tio. ta nni n and oXida lc contcnt were analyzed 

and the average resul ls \ \~re prcscntcd in Tahle 1.1 . 

4.:1 .1. Phytall' and ph)' t"tc' min eral ll10 lar ra tio 

'1 he phylatc con ten t o r th ree swee t po tato cliitivat's was sign ili c:1I11 ly affected (P<0.05) by 

pl'C1cess ing, \ arict)' '1I1d :heir interaction . The meiln \'alue or phvw1L' in ,"el lo\\ . IVh ite and orange 

S\\'e et potato varie ti~s \\'ere 111.43 . 93 .37 and 95 . I )mg 100g and 78.38, 49.35 and 

n. 75mg1I00g 1'01' unpcehl and pceled conditions. rcspectivel" . Th~ mean va lues fo r phytatc 

content among th ree S\\lxt potato cultiv'lrs \\' ith clilferent process ing methods Crable 4.3) 

indica ted statistica lly signil icant var ia tions: ranged rro m 9J .J7 -11 1.-l 31l1 glI ~Og in unpeeled and 

'ICJ,35-78.38mgII 00g ill pee led roo t s<1l11p les . The mcan phytate contel1l o r ye llow sweet potato 

v" rietv was si gnilicant l\ (1'<0.05) higher than that or bo th mange ilnd whitc sweet potato 

varl ctlCS In bot h un peekcl il nd peel cd conditions \\ 'hil c signi lican tl )' the lowest va lue was 

obser"ed in white sweCI potato cu lti\ 'a r in l1 (1 th unpeeled and pecled conditi ons. Thi s variation 

might be allri bu lCcl 11) clllti"ar dirti.:rence. sillee ali studied s\\~et pOla to culti vars wc re collected 

i'n.1 1ll the same cllvirol1ll1Cll1. 

(Ill the ot hcr hand. pce ling \\as signilicanth dl'creased (1'<11.05) the mc"" phytatc contcnt o f all 

silld ied three s\\ eet pot,lt" elllti,,"rs . This is l'XPl'C tl'd because mo re phosphorus is accu l11ul ated in 
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Ihe ouler ski n layer 01" SII eel potalo rool Ihan Ihal 01" inner flesh layer: hence phylate is nalural 

occ uITi ng phosphorlls com pOll nd. 

The Ill ean value 0 1" phyl;!lc : c; i1 ciulll molar ra llO in the presenl sludy was 0.9 1, 0.90, 0.74 and 

0.'; I lor lInpecled yellow sweet pot<l IO, pee led yel low sweel potalO. lInpee led white sweel potalo 

<I nti peeled while swcel potato eultil ·ars. respectively whieh lIerc highe r than the reported critical 

mo lar ratio (0 .24) 01' phytate : ealciulll. indicilting that abso rplion 01" ealeiulll was ad verse ly 

alleeted by phytate in these roots . Ilu t in case 01' bo th unpceled (0.12) and pecled (0.11) orange 

Sll eel pota to variety. Ihe 1·;t!UC was I"ound 10ller than the repo rtcd crilical 1l10lar ratio of phytate: 

c<lle iull1 . indicating th at absorp tion or c<llcium lI'a:; not a(h 'ersely <llkcled by phytate in orange 

slleel potato roots. 110\\,cI·er. sweet pola to roo t is consuilled in ils boiled slate: thi s mi ght reduce 

phytate level and enhance the bioabilabilitv or calc ium in ye llow and whi te sweet potato 

v;\!· ieties. 1\11 othe r ca lcula ted molar ral ios in Ihis stud v such as : Phytale : iron. phytate: zine and 

/phyta te x calcium /: zinc molar ratios 1'0 1' all SIl'CCI po tato v<lrieties in their un peeled and peeled 

conditio ns were l(lUnd less (Table 4 . ~) than their reportcd crilical I'a ilies. th is indicatcs that 

ah:;orpti on 01' iron and zinc rrom <III studicd SWl'c! potato varie li es we re not in hibited by phytate 

and as a rc sult these minerals in a ll roots arc bio;l\'a ilabilc. 

·/.:U. O xala te co ntcnl 

I h ~ oxala tc con tent or three sweet po tato cu ltil'a rs W,lS in l'Cstigmed only in unpecled case (due 

tl) short age 01" malerials) ,md thc mean valuc ranged I'rom .l .5 0-S. XOmg/l OOg (Table 4. 3). The 

ohserved level or oxalate in !e llow. "hi tc and orimge sweet potmo varict ies was 8. 80, 3.50 and 

5.'.11 mg/ l OOg, respectivel),. Thc mean oxalate eontcnt 01' yellow swcet potato variety was 

si ~'.n ifiean tl y (1) <0.05) higher than that or both orangc and lI'hite swee t potato va rieties. Similarl y. 

the mean oxa latc conlent or orange swcct pOlalo va ri et) was signifi cant ly (1'<0.05) higher than 

th;lt or white sllcet potalo I'arictics. This obsell'ed variation among Ihree sweet po tatoes mi ght 

1Jl' attri bu ted by cullil 'a r dil'krencc . ()xalat~s can have a harml"ul elrcct on human nutriti on and 

hc:tlth . cspec ially b)' reducing cale iu lll absorption and aidi ng the lormation or kid ney stones 

('\oonan and Savagc. I <)C)(») . IloWCI er. Ihc oxaLllc ICI'cl obsel'l'cd in th is stud y is low and al so in 

rl'C' om lllcnded range 1'01' 1';lticnts lIilh calcium ox,tla te kidncI sto nes il"thev consume up to 600g 

"ran} stud ied sweet potat" cull il'ars pCI' dav: as p;ll icnts arc advised tn li mit Ihe ir intake of foods 

"ilh a tOlal in lake or oxnlnte not e.seeeding SIJ !>tJ mg per d,,)' (Massc) ~f oi .. 200 1). 
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() \ ulate like phy talc binds rninemls such as calciu J11 and J11flgnesiuJ11 and interie re with their 

metabolisJ11. The impo rt :lIlce of oxalate eontcnt 01' an indil'idu:ti plan t produc t in liJ11iting total 

di (: tary calciu J11 avaiiHhilitl' is of significance <1nl)' whcn the ratio "f oxalate: calci um is greater 

tha n onc (Fronte la ('/ 01 .. :'0(9). Under thi s eircuJ11stance. the oxalate has potentia l to cOJ11plex, 

nllt only the cale iu lll conlaincd in thc plant. but also thai derived I'rom other lood sources (Davis 

and Olpin, 1(79) . The o.,alale: calc ium values lIf YSI'. WS I' and OSP was 0.5 3, 0.20 and 0.06. 

rc~: pcc t i ve ly. These va lucs \\elT lower than the repo rt ed critica l J110 lar ratio (1.0) of oxa late: 

enic iuJ11 , indica ling that :lbsorption of ea leiulll not adversely afl eelcd by oxa late in all studied 

s\l cet pota to va riel ies . 

·I.lble 4 .3 Antinutriti on:ti factors (J11gl1 OOg) and phyt;ltc miner:1i molar ratios of ye llow, white 

anJ owngc ncshccl S\\'L'CI potato variet ies 

------- _._._--_._-_. 
Varid .\' Phytatc Oxala te Tan ll in Ph), : ea Ph)': Fe Phy:Zn II'hyxCa I: Zn 

lJYSI' I I 1.43±O.04" 8.80,=0.02" 3l l.JX 0.91 '.0 .00 I" 0.83,"0.0115" 9.67±0.Sb 0.01 8±6JJ-6sh 

UWSI' 93.37c10.0I c 3.S(L'0.04' Il.D.I . 0. 71 1 0.001" 0.51),',0.00' 4.70±0.0 I' 0.0 I ±()OO" 

lJOS P 95. 15cLO.09" 5.71 '-0 OX" Il . D.I, 0.12· 0.00" O.'i~ LD.OO" 7.39±0. 19d 0.09cL O. 005" 

PYSI' n.38±0. 0 1" LI) Il.D .1. O.()O I 0.00" o . n,_o.oo~" I 1.90';,0.00" O.OIS J-O OOS h 

PWS I' 4935,W.03 r LJ) Ill} I. 0.51 . 0.005" 11.-1(, cCi.O.1'· 6.53±0.29c 00 I cL OOh 

I'OSI ' n. 75 ",(J.() I' L1) Il.D.1. 0.1 I ,(l .OO:; ' 0.5S-! 0.005' 8. I 5±0.2S' o 10.1. 0.005" 
----_. -- - - - ---

R l""Orll.::d vil lucs (lIT lil l: Illl',lll . SI: (11 2) , i\kal1s wi th dil\.?rl'11L iClIcrs in l1h' :-;allll' colul1ln ;IIT signi licallily different 
(I' 0(5). NB: UYS P& I'Y SI' IUnl1<'olcd "lid pceled Yo llo\\ SlVcel PO!:IIO). tJ\\ SP&PIVS I' (Unpceled and peclcd 
Whi le Sweet Potato) alld UOSP&I}OS P (Unpcc1ed (l11(! peckel Orang!..: S\\'cct POLliO), UD (undetected). 13.D.I . 
(h~'low detect ion levels), 

~, :1. 3. T anni n co n tent 

TI-c tannin contcnt in unpeckcl and }ledecl root SlIIllP\cS 01' three S\lcc t pota to clliti vars was 

amlyzed. The mean \'aluc of tan nin c()ntent was 3-1.38 mg/l OOg in lInpeclcd ye llow sweet potato 

cult il'ar and thc valuc \las be lo\l detection Ic\'C1 in unpec led and pec led \I 'hite sweet potato 

v:n·i et v. unpee lcd and pel'led orange S\I eet potalo \'miet\' and peeled) ellow sweet potato variety 

( I-I blc 4.3) . This result indie:lIes thai the Ic\el or tannin content is abscnt or insignificant in threc 

in ·;csligatcd s\leet potato eulti\':1 rs cxcept unpecied condi ti on or yelll)\\ swcel potato variety. It 

\\;" al so ohscned thell l:u1I1in is accumulated in the outer skin I"ycr oi' ycllow sweet potato 

\:I rietv ancl it was rell1cwcd 10\ peeling \I'ith thc duter sk in la\'Cr Df the root (Tablc 4.3). Thc 
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pr,:sencc o f tannin on!v in yellow s\\'(:et potato v:triety migilt be contrihuted hy the presence o f 

polyphenolic compound such as flavonoids (quercetin. CIsII I]l(7) \\'h ich fou nd in ye llow sweet 

potato va rictics (Guan el ill.. 2006) and the absence oC tann in in whitc and orange sweet potato 

var iet ies mighl bc lack o l'thcse compounds in their roo ls. 

The benefic ial or antin utrilional propenv o/" 'l lllnin depc nds on ils ;I mount in the diet. The 

tn \ icity cffects o f lile lannin Illay nol be signilie;mt since lile total acee plablc tannic acid da ilv 

inl ake lo r a Illan is 5601l1g (A no n),lll ous. 197.'). The current resu lt sho\\s that if a man da il y 

Cllnsumcs up In 1900 grnllls o/" unpeeled \'ell(l\\ SIVeel pol;1l0 roolS ,md an)' amount of un peeled 

and pee led while s\\'eel plllli tO. unpeeled and peeled orange s\\'cel potato and peel cd ye llow 

s\\ 'eet potato roo ts . the level o /" tannin in Ihese roo ts will not cause Ihe tox ici lv efCecl to man, 

,/. ./. Fun ction al properties of comp osite flo urs 

I'u ncli ona l prope rti es o/" !lour depend s (1n the l)'pC 01' ra\V materia ls and melhods of process ing 

thnt determ ines produci 'Iua lil) and process elTecli l'cness. Functional properties also determine 

Ihe appl ication and usc 01" lood mate rial lor various lood products (/\deleke and Odedeji , 20 10). 

I k ncc, fu nctiona l properties such as \\el gluten and water absorpti on capacity of wheat and 

s\\eet po tato composite Ilou rs \Vcre delelillined ,mci resullS arc presenleci in Tablc 4.4, 

~. -1. 1. ' Vet glu tcn contcnt 

The mean wet glu ten l'Ulllenl ol' conlrol :md ble,ld ilours ranged 1'1'0111 1(1. 87-30.44 g/l OOg (Table 

' I. . ~ ) , The mean IVel gl uI L'n conlcnl oC \\'heal !lour \\'as 30.4-1 gi l DOg and it \Vas absent (below in 

d,· teetion level) in s"'eel po talo ilour , Illending proportion signilicant l\' (1'<0,05) affected mean 

1'.('1 gluten content ol·ilours . . [ he mean \\,et glulen con lent "C blends lias sign ifi cantl y (p<0. 05) 

de.: reased frolll 30,-1-1 10 16.X7g/l OOg lelr 100% ",heat l10ur lO ~5'x. SI' I: in blending propo rtion_ 

rc~,pec t il'e l y , The hi ghest (iO.-l-l g/ 1 OOg) and lo\\est (16 ,87g l l (JOg) Il1e;ln wet gl uten con tent was 

observed in 100% ,,'h,':!1 ilour and 25"'0 blend (1[' sweel pot:Jto flo ur. respeet i ve il'. Generall y, the 

l11ean wet glulen content \\as signiliellnll ) (1 ' «1.0'1) dec reased as blending ra tio of sweet potato 

il"u r increased , This i11eans thai Ihc s\\ 'ee t potato-wheat [lour blends significantl y dec rease 

gilltcn eon ten\: Ih is is becausc oC glulen is abscnt in sIVect pOlat (1 II our and as blending ra ti o 

increases the \\'Cl gluten con lc' nl dcncases , Sim i 1m ide:ls \Vere repon eci by (I(un-Lun el aI., 2009: 

I I " l11cc/ e/ ill., ['!7J). 



' Ilc lVater ahsorplion results sholl cd thai inerl'<lsing thc propO"tion or sweet potato tl our 

inl'l'caseclthc absorption \)t·lIaler. Inc rease in lIa ler ahsorplion Icad 10 Ihc wcakened dough and 

dc creasc clough dc\ eloplllcni and clough stabilily . This mi gh t bc duc 10 Ihe cl il ution of wheat 

glillcn as a rcsult 10 mldit ion of' Ihe swcet pOlato Ilour to wheat !lour ; a simi lar trend al so 

observed by Suk hcharn <'I,,/. (200R) . 

T:l blc 4.4 [ ffce l ol'blcncling ratio on runctional propert ies o rcom posilc !lours 

Blc.ndin g ratio 

10'1., 

:! O% 

\ Ve t g lut en contcnt 

(g/ IOOg) 
~ ~-- ---

~0 . 4 ·1 i O.} I" 

28. 38-1015" 

25 .24 0.2-1 ' 

23 .85" 012" 

16.87 C" 0.09 ' 

\V ilfl:: r abso rption cap acity 

(mil I ~Og) 
- - ~r-------

(,:l .60 I, 0.42 

73 .20 ,L (J.ll' 

'/532 ± O .I ~" 

81 .60 I, (U~' 

'J \.(; I J tl.l 8" 
-_.- -

Reported values arc the m.:an ISI-: (n J) .. \kans \\itil dirJt:rcn ! iL'llcrs ill the S:ll nc colu mn are significantl y 
differelll (1'<0 .05 ). 

-1, ,1. 2, \Valer absorpti on (' apacit) ' 

' Ile mean wakr ahsorpl ion e<lpacily 01' SWCCI po tato Ilour '1I1c1 \\ h,'al I;our was 194,58ml/g and 

65,60m1/ 100g. respeeliwlv. The mean lIalcr abso rplion valt :e orcolilro l and blend fl ou rs ranged 

I'n, m (i:l,(iO· ') I .(i 11111 / 1 00" (Tahle ,1. -1 ) Illcndillg prl)portionigni I; c: lnl l\ (1'<0,05) affcctcd mean 

v·: c.~ lc r absorpt ion c.Hjxlcity or fl ()urs. ["he lllC ~l11 \\,;:l\L:r ;::hsnrpli (l ll capacity or blend s was 

si>,nifieanl ly (p<O. O.'») in Tc'aSl'd from 65.60 III iI,611l1 1'1 0()g I(lr 1110'% \\'heat lou r to 25% SPF 

blend ing proport ion. respccti velv , Thc highesl (9 1.6 I mi ll OOg) ancl lo ,·\ est (65 ,60mlll ~Og) mean 

V, dlc r absorpt iun e:lpal il\ II.lS ohse rved in 2S o~, SIT suppicn)('nted blend and 0% SPf' (100% 

wl leal nOlll) respecti vl'I" (icne nr llv, Ihc mC :\I1 \\ater absorption e'lpacilv was significant ly 

(f' <0.05) inere;rsed :IS blending pro port ion or "veel po tal<1 !lour inCl'c'ascd . Simi lar outcomes 

"eTe investi galcd Iw (J-:I,i:ainy el (Ii .. ::'010: Sukhcharn el (I i .. 200S) , This incrcmenl in water 

;rh,;orpti on capac it\ as SI'I: inc rease in blend r:lt io mighl bc con tr ihll ll'd by swect potato flour : 

hc:ause Illoisl ure conll'n l was lOll in sllec t PO[.IIO 11011 1' th;rn wheal !loll r which increases waleI' 

ah,orpti on capaC il\ :lS In NC slleet potato !l our \\ns supplelllcntcd in blcnding r:1 tio , 
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4.~. Eva luati oll of qllHlil,\' panlllH'ltrs or brea d 

In thi s sec tion the bre,l( Ci ual il)' parameters sueh as loar weigh!. 10"1' \'olume. loa f hci ght and 

sp,;c ilic vo lul11e 01' brca Is \,\e re c1L-Ierl11inecl and resulls arc presenled in Tablc 4.5 and Figure 

Tab le 4.5 EfTccl orblellcling ralio on qualilY parall1eters of breads 

\'olullle Weight Specific volu lllc Height 

Blcnding rat io (CIll
J

) (g) (eIllJ/g) (elll ) 
------- --0°;;, ~()7 . 98 ' IgO' 84 .09,L I .02' 5.6gj (I .OR" 5.77± 0.11 " 

461 .08 , J .. 'O'I 87.19 i- O.53 d 5.29 o.oi' 5.58 ± 0.04 " 

10'1., -1 20.17 2.9(1' W12 ! 0.69' -1 .71 ' 0.06' 4.92 ± 0.04h 

357.87 I ( )(,<I () 1.14 ' o.li' 3.91",002<1 4.68± 0.10' 

20% 112.50 !-l8" n .79 + O. loh 1.37" 0.12' 4.22± 0.06(\ 

2(,0.47., 2.79' <l4.n 1 0. 15" 2.7') " 0.01 ' 3. 75 ± 0.03' 
------ -- ,-- ---

gcportcd v<!l lIc~ are the lll':l l1 ':SF (n 3). ~lcans wlth differeJlt le o!..: rs ill l11e S;!tllC colu mn arc significantl)· 
cl ifferen( (1'«l.05). 

TI'e dough (I OOg) \I'a, \,'eighl'd berore baking ancl Ihc breads were \ll'ighed after baking. Thc 

a\ cragc loar wc ighl or C011li'ol and blencl breads \I'as ranged rrO ll1 8~.09-94.78g (Table 4.5). 

Ble nding ra lio was showed signilieanl increase (i'<O.OS) in mCi\l1 weight of loaves as sweet 

po\ato flour inc reases ill blendi'lg. Ilreads blended \lilh ~5% 01' S\lcel potato flour had thc 

hi ghes t mean lo~ I' \I..:i[:h: 19-1. ng) \I hill' eOlllro l bre:lds had Ihe lca~'! Ill,'an lo~ r wc ight (84 .09g). 

Breads supplelllenied \I'i ih 20'X, sweci p<) talo flour had high..:r loar \I'e il'hl thall thai of 15% SPF 

supplemenlcd hreads bUI Ihe\ arc nol sign iliean llv cli lTel'c nl (1'.> 0.05). All othcr breads arc 

si ['. ni lican tl)' di ITel'elli (I" (l.05) I'rolll cae I other. 

Ths incremenl in lo:li ' \\<'ighl or breads as s\lecl pOlalo !lOll\' suppic lll eilialio ll level increases in 

bknding mi ghl be e(1!1lrihuled b) Ihe hi~her \I,!ler :1i1sOl'plion c:I[Xleil), or s,,"cet potalo flo ur than 

Ihal ofwhcaJ Ilo ur. Ih;s,' I'C'uit, ,,"CIT \lell agreed \lilh lindings or(llalned i'l 01. ,1973: Greene 

an.1 Ilovel-I lrcnjaillin. : )(1-1 \lho had (ound I'llit Ihe Ille: :ll \I'eighl or loar increases with the 

sU .)stilution Ie\ el or S\I< ;1 P<)\dl<l Ilour inerl'asl'c1 in Iheir experilllcllwi breads. In addition, the 

a\ crage loa r \leighl o r I'rc:lds also h,ld shm<'eci Ih:11 eonlrol bl'eads had highesl moisture loss 
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(1 5.91 %) whi le b read~ 1'1:11 '-\ere Ill<llie 1'1'0111 ~,'''." ~I' I : h.ld Ihe I\\\\esl (5 , :2~%) 1110isture loss 

which rcasoll oul Ill r higlics l loaf' \\eighl of'lhe ic,ller hrc<lds. 

4,:;,2, Loai' yolullll' 

L,('·al' volul11e is used <IS <I cri lerion to l11easure the qual il ) 01' I'rcsh bread in research, quali ty 

con trol in industry and lw consumers , I'en li eld 'Illd C<l l11 pbell ( 1990) eited in Grecne and Bovel-

13rcnjal11i n (2004), The Il\'er<lge loar \'o] uI11c 01' conlro l and blended breads was ranged from 

'167,98-260.47cI113 (T'lbl·' 4.:i). 13lcnding rati o resul:ed sign il ie<l nt decrease (P<O,05) in mean 

vo lul11 e o f loav('s as S\\ CvI pol<110 110ll!' increased in blendi ng. 13reads blended with 25% of sweet 

potato flo ur had the lo\\'esl Illean 10<11 ' 1'll lul11e (2(iO,-17cI11 3
) while conlrol breads had the hi ghest 

Illcan loar vo lulne (4li7.ilXelll\ The resul ts in Ihis sl ud)' \\'e re agreed wilh othe r findin gs (EI ­

/ ai n)' el al .. 2010: Grcene and 130vcl-l~ renjHln;n, :2004: Kun-I,un el 0 / .. 2009; Hal11 ed el ai" 

I '!73) 

The loa f' volu illes 01' Ihe brca,ls \\ere e"pected because S\\eel pO lalo is so 1'1 with lo\\' glutcn 

eon tcn t and rich in lihn ,nd Ih us th,' IDai' reil,'el il,e ~Iule n ,'Dnt,' nt 01 the bread (Wu el al. , 2009 

cit ed by 1,1- /a in) ,'I ,/ , :( 10), (jlu!en is Ihe Ill:l in s!"ueture-!lll'lning protei n in flou r, is 

r,",ponsiblc I"l' the ci<lslie and extensi ble propc:rties needed 10 pr(lduce good lj ual it y bread. 

I'I mton (1 989 ) ciled i:l (ir,'cnc and Il c) \el-Hrcnj"'l1in (20()-l) th'lI <1I11 J lol),l ic enzymes were 

rc;; ponsiblc in Pll ta to -slar,'h breakdown , prodUCing silllple sugars and ll10re f'er ll1entable substrate 

lor the yeast and thus increasing the f'cr l11 enlat ion rate , ivlay be these al11 1'lol)'ti e enzymes are also 

present in the sweet pota to , this en7,Ylllatic action eon trib uteci to thc obse rveelloaf'volullles , 

4,:\.3 , Spccif'i e volu llle oj' loar 

The spec ific \'olullle (l l' I,' al' i,. Ihe r,lIi,1 o f' the loa i' volul11c til loa l' weigh t II!1e1 the determined 

val uc ranged I'r(llll :i.('~ :>,7"CIl11/g 1(11' cont rol ,mel blc nd,'c1 breads (Table -l .5). The specific 

vol ume o f' brcad, in this qud\' \\'" ,ign'lielmll: (p<O,O"l decrc:lsed as blending ra ti o o f SPf to 

WI: increased in breiICls . Control breads had highes t mean spec i lie \'olulll e (5.68 em3/g) while 

bn;acl s blended with 2~o" of' SI'I : haclthc lo\\e,t Inean spec ifi c volulllc (2, 75em3/g), Results of 

Illean spec ifi c vo lull1e obiai ned in a ll e"perilllental breads in th is stud\ \\as significantl y different 

(p' 0.05) Cor lll each clli1,"-. li,:s decrellleni il' specific \oilllne of' breads can be resulted froll1 
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decreased wet gluten content with increased supplementation of SPF on WF that results in 

decreased loaf volume. Moreover the extra water absorption capacity of more SPF supplemented 

on WF which results in increased weight of final breads. Hence, specific volume is the ratio of 

loaf volume to loaf weight expected to be decreased. This result was agreed with EI- Zainy et al. 

(2010). 

Figure 4. 1: Breads made from wheat flour and wheat-sweet potato composite flours 

A. Control (IOO%WF) 

D. 85% WF and 15% SPF 

4.5.4. Loaf height 

B. 95% WF and 5% SPF C. 90% WF and 10% SPF 

E. 80% WF and 20% SPF F. 75% WF and 25% SPF 

The average loaf height of control and blended breads ranged from 5.77-3.75cm (Table 4.5). 

Blending ratio was caused a significant decrease (P<0.05) in an average loaf height of breads as 

sweet potato flour supplementation level increased in blending. Control breads had highest mean 

loaf height (5.77cm) while breads supplemented with 25% of sweet potato flour had the lowest 

mean loaf height (3.75cm). Mean height of breads made with 5% SPF supplemented was not 

significant (p>0.05) in the loaf height when compared with the controlled breads. Generally, the 

effect of blending ratio of SPF on loaf height was similar to the effect obtained in loaf volume. 

This observed reduction in loaf height as supplementation of WF with SPF increased might be 
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contri buted with less aile! Ics: gluten k~\'(' l pJ'l:~L'!KL' dl!ring dough /c '!"!l1l! ialioll as more and l11 0re 

Si' l' was add cd in blendi " 
~ ' 

4, 1> . Sen sory '"la h 's is "I' lrc::tis 

Thc scnsory :lltributcs , I b'Cllcis made from II I, st:bst itu tcd 1\ it L ,ar ieL! 1:l ti os of SPF werc 

in l'cstigatcd and thc Incan scorcs 01' clalU:ltccl scnSOil :llt rihulcs o r control and SPF 

sU ,)plcmcnted brc:lds I\el' presentcd inlabk .1.1\, 

</.r" l , Appearancc 

Thc visua l ap pearance 0,' al1l Ic",d is th e Ilrst organolept ic scnse 01' a consumCl' experienccs, If 

su pplcmcntcd I'olld pro,kct h,ls anI' changc in 'lJ1pe,II'lnce, 1'(lnSUmcrs II ill mo re like ly rej ect the 

product due to "ullili'l ri , lil ion 01' the 110rl11,:i p;ocluct (I llal'l'c ('I al" 2001i) . The mean score of 

ap pearancc 0 1' hrcads illS rangecl 1'1'0 11\ 5,75-7.'f'. crable ·\.6) , Illcnd ing ra tio was caused a 

si ~~ nillcan t c1eerease (1,<1),05) in appearancL' Ill' bre:lds as upplcmenl Ic'TI of SPF incrcased. 

l " ntrol brcad had the hi'hesl mean score I'Jr ,Ippcma nec 17()e) and had sign illeant dirfcrencc 

(p<O,OS) wilh IIJ"o SI': (('.~8). 15% Si'l: ((l,IIX), 20% ')1'1: ( ';,X~I ancl 25')1" SPF (5,751 

supplemented hrc<ld:-; Ill' not witll -0 
) 0 I' l' (' 1') hr,'lld II llik eS';, Si'l' supplcmcnted brcads 

scored 1'0 1' ,1ppL'ar: lllCL' ('l':lst prc!'cITl'd hy COIlSlllllL'rs) wl. "11 ('(\llll);:lrl.'d w ith all experimental 

breads cven thllligh Ihe I11CIII1 seorc IIppCnral1CC ill' 25%, SI'I: bread d id 110 t show sign ilican t 

dilTercncc (p>0,05) lI'hc 1 eOl11pared with hOlh 15%, SI' I: ;!lld 20 '~'" SI'F supplemented breads, 

Il owcvcr. thc I11C:111 III'P,'arancc scorc results 01' III I breads showcd Ih'lt those all experimental 

Im;acls in th is SllI ,h' lIelC in IIcccptable range (abm c 5.7-') hI p'll1clists, :1 si mi lar idea was 

obscrved by Anict\n and Igugo (2010) :\I\d I':I~ /ainl' 1'1111. (20101. 



---- - ---Blendin g Overa ll 

ratio AppC<lrdn Cl' Aro ma Taste ~I() llth Fccl Acceptab ili ty 
-
()~ 

-'- -
7.,1(,1 7.08" O. I ~" 7.17± 0.21" o 'Yo, 7.fJ2J () (i" -T5 XJO.16" 

7.-12, J. ' 7"" -'.1 ~ C" 0.30"" (1.:)& 0.21 " 6.79± 0.28"b 

6.gR () IS b h.:'U! II.~ I "b (,,()O (1.~3 h 6.54 ± 0.20"bc 

(i.O~ c (1.19' ('.G 7 ; 1).:2 'i" ))~g:: O.~.1b<.: 6.17± 0.25 b
, 

5.~X : I. ql.: 20'1., 6.3:; _, 0 IS' 0.71 O. ~ I b, 5.5-1, O.2i" 5.83± 0.23 C<l 

5.75, n.~st: 25% 6.·16" 0.27' () . ~ .~ cc (J.28' 5.2 1 (l .2Sc 5.38 ± 0.34" 
-- -- - - ~ ---

Repon ed \(lltl~s arc the IlH:an !"S L (11'-]·1). \h:alls \\ilh d ifkr~ll l kllcrs illlhL: S:I!IlC colu mll are significant ly 
differenl (I" 'O .D)). 

4.(;.2. Arom:! 

The mean score of' ,11"0(1'.1 (l' I1r<.'<lri, r'lIlged rl'tlln (i . ·1(i-7 .'i ~ ('!',Ibk 4 .(,) . Contro l bread had the 

highest l11ea n scnrc' ill ,II )ma (7 . 5~) \\ hik 25';'" SI'I: slll'p lell1elltc'e1 hreads scnredthe least mean 

arol11a (6.46). The clke!. 01' hlelld ratio o r SPI: on (ll"Oll1a indicl1c' similar to the etlects observed 

on appearancc in all c"f"ril1lclltal bread ~lc'ln scores 01' :1 1'(1111,101' brcads l11 ade with 5% SPF 

did not sho\\ " si"nilie nt dirkrcllce (1' >0.0:') III thc arllma whell c'olllp"rcd with both the 

con trol and I O'~" SI'I' sl'I'p ll'll1ellled brcdds. Thc II1Cal1 sco re ,11'0111:, e)1 breads macle rrom 15%. 

20% alld 2:;"·" SI'I: s('1,plell1l't1led bre:lds d id Il'll sho\\' :111\' signilicll1l di l"ll:rence (p>0.05) 

hmve\·cr. brcad In" dc rre .11 15"0 SIT (() .-1 6) scored highn \'alue Ihan Ih"sc \\'ith 20% SPF (6.33) 

and 15%, SI'I : (G .15) su,'p le lnclltl'd bredels . '1'1 is 1'<"UIt sho\\'s Ihal thl' iI\'erage mcan score of 

ill"Oma obtai ncd in :til b,-cads \\'crc dho\ e 6 (1lkc slightly) suggcsting Iha t the)' a re acceptable 

range b)' con sumers. Thi S rcsult \\"IS \\el l 'I greed II i III report cd \',tiuc or 1-:1- /ain)' el al. (20 I 0). 

-/,(>.3. Tastc 

TI-e observed mc,lIl scn:' 01 IdSIc in e.\perimc·llI<ti bre'lds rdngcd li'om G.33- 7.46 (Tab le 4.6 ). 

Control bread had thc hi,:hcsi mC:1Il scorc il11<tstc (7 .-16) and hml slgn ilicant diITerence(p<0.05) 

wilh I 5 'Yo SI'I: (0.(,7) . ~ ".j, SI'I' (6 .7 1) anel ::>."~'" SI'I: ((>.3.i) suppil'l1lcntcd breads but not with 

Ihose bread s madc wilh :S"." SI'I (7.1-') dnd 1m" SI'I: 1'>.00) supple-mentcd breads. Breads 

supplemenled \\ilh ::>0'" SI'I (6 .71) I1lnl'c' prc'nrct! th:m "(11', IS"" SI'I' (6.67) and 25% SPF 

(6.:)3) even though Ihe Ili \1Il .'~l'O!\.' !L1S\C of thu s.' lll1cC brct1li~ l;id 11'. \ :.;lidW sign iii cant dilTcrcncc 



( I"G.OS ). Brc~,ds madc I' ;[h"'['o <; 1'1: sllflPiL-I'l"nt 'd IC;lstl"'L'krrL'dlw l1allclists when compared 

"" ith all othcr brcads. I I" ICI cr . the alcragc mC'lIl .,core or t:"t ' 1\ )1' ;111 hreads wcre above 6 (Iikc 

slightly), suggcsti ng tl1:lt thc~ werc accep ted bl COIlSUlllC1'S . I he prcsent find ing IVas agreed wi th 

the works or Sukheharn <'I ,,/. (2(JOX) "ho round thc mcan scorc or Uls tC reduced significantl y 

wit h increased level or Sl'!cet poU lt" !lour on " hcat Ilou r in thei r cookies. 

·U; ,4, Mouth Feel 

Thc mcan score 01' Illot.th Ice l 0 1' brcads nlll~L'd rrom 5. :1·7 .08 (Table -1.6). 131cnd ing ratio 

eauscd a signi licant dCLTlase (p<D.I)5 ) in III CHI' .'corc "I· ,nol.th kL'1 "rhrcads as su pplement level 

of' SI'r' inercas,d. ('O!it .11 ,' rc"d Iwd t',C hi" Ic'st InCdll ' '"re in Il",u th kcl (7 .08) and had 

si['. nifican t difkrcll ee (p' (J .O' ) \l ith IO'Y" SI'I'. I''';, SI ' I· . 2'1"" SI'I : a'ld 25'~t" SI)I: supplemented 

breads bu t not with 5"" ~ I) I' supplclllcn ted hrcad. I\reads made \lith 25% SPlc supplemented 

i<:<1St prclerred by p'lIlclis's \I hcn eO lll pared \I'ith all other brcdds alt ho ugh thosc breads were not 

s i!:nilie;l11tl l' dilTcren t 1" '(1'n 1 5°~, SI)I: (.,.~ g) and 211'1;, SPI: (5.)·1) sUI 'plcl ncllted breads. A similar 

r,:[:u lt had been rcpmtcd I I' CJf<IOI'C i'1 1I1. (2006). 

4.<i.5. Ovcr;tf l ;Jccl'ptd h, it ,\ ' 

The mean overall ,leeL'pt :bilit), oJ' breads rllllgcd J'rtlill :'U~ -7 . 17 (Tclblc 4.6). Control brcad had 

the hi ghest mean (\\'eLII: acecptabilitl [7 .1 7) "I\d h;ld signilicailt c!iflcrcnec(p<0.05) with 15% 

SI'F. 20% SI' I· and 25"" ;1' 1, s IppicIllL'n:cd bre'lds but nut \lith th(ls" brc;lds made with 5% srI' 
and 10% SI'F sLl pplelllL lIcd brL', ,, ls. Ilrcads I'rcparcci I'rol 'l ) (~" SI'I: su ppl emented was more 

preferred by e()nSl1nlcrS t Ia n "nth 10% SI'F and 15% li l'l : CI'CIl thollgh thc mcan scores of thosc 

three breads did 11<)t sl' 1\1' ~I s ign if icallt dil'krence (1»I1.lI.'). 13 rcdds made wi th 25% SPF 

su pplem cntcd \I'CJ'c' tli, I ';Isl prcli:rrcd hv CI1llSlII111'rs \I licn cOlllpaled with ;i11 othe r breads but 

th e mean ac ccplabili l~" u! h rC;\c1S madc \\ ilh :::,n,o SI' I: (J Il d 2(j1~() SPF \\tIS not show any significant 

eli ITe rcnce (p>().OS) . 

Hrcad slllack a1 1:'°1), ~( !l .111(. :::':,tl,) S\\C l'\ Pdt;.\<1 suhSlitllti \Jllc\l~ l \\ 'rl> sign ilicantly (P<O.05) 

el i ITerent in S(lIllC (,1' till' ,!l tr ibules Icsted (al'pL'Mallec. ,11'(11"'1. LlSte anc! Illouih f'cel) from the 

control bread he nce C\ln' ',, 1 breclcl bein g lll (lrc prckrrl'd bl tli L' pancli sts. If()\\cver, at 5% and 

10% SI'F subst it utiol' cIL'ls thne \lcre no signilicant (I'··II.IIS) J illcrenee in the mean 

I _"II.! md s\\cCl pOl; :tu :ur'pk!!1CIIi . ..:.J brc,ld~ rhe panel ists mean score 
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le,,1 revca led t11m thl' COl trol hrcild lias se(\ret! hi"hel ill al l the tested Illtributes , Howeve r, Ihis 

docs nol meall thai otilel hrcad sal11ples lIere Iwt aeel'pl<lhk, nen ,il 2'i'~" SubSlilulion Ic vel the 

pane lists secm to like thl' Il rOllla alld laslc' 01' ilrc;ld pr<lducl'J I'rolll SlIl'e l potato and wheal nour 

blend, Despi lc the I'act :hal cOll trol hread lias mor,' prciTred to slIect p<ll alO suppl emented 

bn:ads, Ihe a"erage 1l1l'ali scme ()r 0\ cral l aeeeptabilily 01' up 10 15" '0 SI'I : composite breads arc 

above 6 (Iikc sli ghl ly) suggesting th'lt the \' arc acceplable range by consumers, Thi s hi gher 

sensory attr ibule seorin" I, ll' eOlltrol brcad comparcd II ilh swecl potato and wheat nours 

eomposi le brellds could I'c duc to the 1:lm ili ari/'lliou of Ihc l'(\nSI Il11crs 10 the no rmal wheat bread 

(Olao),e cl oi.. 200('), 'I h S rl'sli it was Ilgrced wilh pre\ i,lIlS II Il I'kS of (J\ niedu and Agugo, 2010; 

Cireene and Ilm'ell-lklO.i: 'll in. 200,1 : Sukheh"rll .'1 "I. . :'.(l(lSI. 

~, 7. Nutri ti oll"ll'ol1lp ' S lioll 

-1. 7. I, Nutr iti oll al ('ol1lp.)s itioll of nOllrs 

'1 ,lble 4,7 Chem ical u\! )PO ilion of orange SIICCI potato "our a\1(: 11'1 cal 110 11 1' (on dry weighl 

bllsis) 

l Con s titu ('nls~'\'; ') 

I Mo ist ure(g) 
r - -

I Protein(g) 
L ____ _ 

! Fat(g) __ _ 

, C rud Fiil el (g) 

As h(gll O O~) 

Cll rho h)'d ra t erg) 
,-----
Totl1ll~ n er~\ (J.:('al) 

Cllkilll1l (lllg) 

Ph osp ho I'll s( mg) 

I ron (mg) 

Zinc(mr:) 

I'hy t lltc(m g) 

Wi\C(mI /IO Og) 
----

Wheat nOllr 

I 1.6:; ,(1,1 X " 

1,97 O,Il2 ,,­

I,X3 , 11.01 h--

078'IlIS' 

X.jO-I~ {i:lx I, -

-IIHUl, II. 1,1" 

27. II li,02 h 
- -

21.6(, lUl l" 

, ~'i ,~-(i (l' h-.) .u_ .' 

O(,ll,I) ,III" 

r. ~ ;; () h 
<;)). (1 

Rcportcd \a!Jc~<1'"~'\lll'J1 \1Il SE(1l .1). 

SHetl polalt nOli,' 
~ .. ;7, )() I 

2.7-1 , 0,0 I" 

11.1",rwlh--~ 

1., ~--;--~ _"x.," 0.04 
I -- -no .. 1).0 

XHO(l! n,n " 
:; non· ii", i ," 

!5 .:'· n. I; 
20 ,6X I) II h- --

I I-I (, 0, I ,; 

(III.' ,0.0 I 

77,7-4 0./1 I' 

Mealls \I il:,':"cl;lIt ;, ,I' ,11 :he ';;I,'~ ""IS ;:rl' S1.", ,III.lIlh Ii Ik '" (,,·D. 15) 
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The I11can I,ll les I(lr pi ", il ~"IIC 11 illl'r,:ls ,,"ti pl1\'I'IiC CO!'IPI),il ion oj' II'hca l !l OU I and sweet 

p"wtO fl our lIelC ealculliled :1 IOOg oJ I1mlrs and Ihe ohta il " I rl'sldl' a"c presented in Table 4,7, 

Swcel po tal ll IloUI CI)llll "red 10 \\ 'he,lI !lollr co ntaill ' ImlLT lel'el or (' rll tie pro tein , elude fat. 

mo islule, total encrgl' ,11 d h'i!he r Ien'l o r lola I ,Ish, Ci'lldc 'ih L'!' '1111\ 100ai c.rrbohyd rate content. 

C(l nsidering III In ine"," s "nd I'h), lalc elllllpo,il il 11. Sllcel POI"I!' Iloul ha,; highel levc l of ealciul11 , 

il0n and zinc :I nd II) lIl:l' IC l'c l oi' phosphorus and ph)'I"lc Ih,ln II hem Ilo ur. This lesult indicates 

Ihat thelc is siglli li e' lIl1 ly compos ition," dilTelcllec belll'ccn sllcet pOlato !lour ancl wheat flou l in 

th,: il leve ls of ploxima lc, minelals anti phy tatc con lent. Thc leJ(lI"l' , blending or swee t potato floul 

III wheat noulwill conlli hll le til increasc nUlricnls \\ 'hi ch wcre 10wcI in Dlle of lhe component of 

compos ite !l OLlIS 0 1' hledds , 

4, 7,2, NLl tri linllal cIJlllp", il i:JlI II I' ""(,<I ds 

4, 7.2.1. I'nni ma ll' ('lnll '"Sili on ofhrt'"ds 

T he mean I'alucs 01' proxim., te eomposilion sLleh as l11ois lLlre. clLltie plotein . clucle fat . clude 

Jiber. 10la l ash. 10l:d ('a ,h,)h ), oI rdl(' :111(1 Illl,,1 cnc lg, or eonl l'l ; ,lIld cli liC lenl levels of sweel palata 

l1 r. ul supplemcn led h'·l' .. cls II('IC detc'nn illcti :lnti thc rc LIIS IIlre indic,lIeti in Table 4.8 . 

~ ' I ' lI'eovcr , the cl'kel s 0 hi· ncl r~'lio lIn Ih l' ,' ulriliol",1 ":!IUS 01' thc fllrllllll :lteci breads were 

cl i~,e ll s secl in Ihi s Sl' 'Ii n:', 

Tab le 4, 8 Efk el 01' blend ng ", lIio on pl'll.\ill1al c cOll1pos ilion (gil (JOg) 01 ' breads 
,-----.--~--. 

Blend 

ratio 

04X, 

S'X, 

I O' :{) 

15 1X, 

20'1., 

:!:' 'X, 

l\1oi st u rl'* P ro te i ll "'" 
30. 7H, 0.3 I" I I. I " II 0 , 

, 
I. 'J ,- O,OY 

32 ,S I·l Oll,i" I o . ~" or I 
I.·I~ ., 1) ,113 , 

]].4 7 ± (1 ,0"" : 0 .60 II. t ", 
I, 

I. :0. (1,0 I 

3·1.1)0 ± (I t .' J.lj.j ii' ' (, O,OI,J 

35.49± 0.0 ," l). ,) I U)(, ! .~2 iI.l):> , 

37.15-1::0.03:1 X .. l-1 l.l " 1.2 ") 11.02' 

~---

.\,h 

.5 ') : 00 I' 

.S2 "O,oJ' 

, I (, 1',11.1' " 
, 

" Ii) i II 0;' 

~ . 5N : (1,(1:" 

~.s_) - (1 ,0:>" 

Fi bel' Cli O ' " T .E* ** 

, '/(>.1_ (.OI --:~:U4.1, 0.0 1 '" 395,25 .1 0,1 7' 

I . ljC) :..- ( ,0 1 

, 1, IU) I 

2 ... -Ll .. L (>. 0 I 

_.6 ~ : 11.0:> 

2,751. t1.l1 1 
- - -

O." S7± 0.09' 

:-)3 .55 J~ 0.03 11 

li l.8S·l O,05' 

~-1. 16.l o.oi' 

:-; ·l.S5± 0. 17:1 

392.29-! 0.29" 

389 .47 , 0,38' 

387.51J 0,06" 

385.73J O.2~ l· 

383. 85.1 O.OS' 

\{vponcd V(lh l (, ~ il l\: !:t' I l 1\ -,I- In _~ \kans \\it di lkrl..'nt :1..'1' '! I lh,' s,r 'lI..' colu ml1 Jrc significant I) 
dllkrcllt (P<O.05 L * \\ ('[ b,hi" .... III I I c;lrhohy{iratt. rlHa' l'!lC'rgy ( l,c;d' ()O~' J. 



-1, 7,2,1.1. 1\1oislllle (,lInl 'Il l 

The meall Illoisilire conk 11, 'h rc'lds r'lI1gcd l'r'lr ,0,77·,7,' 5g 100:; (I ahle 1. 8), 8reads at 25% 

SI' I: subs li tlililln Il'Icl 11: Illh' ili"h,'sllllcanl11"islure ",dlle ,7,I5g IOOg) while th c cOnlrol one 

had the leasl ",due (.'(l,77g/!OOg) , The Illean I',oisilire conlc'lll "I' all hreads in this stud y were 

sirnifieantl y dilrer,'nl (1'<0, /)5) rr(l111 each othe'!'. Slatis ii 'al 'lI1a,,'si, sho\\'cd that the lllean 

l110isture contenl or all e\pcr;lllenwl brc,lcls \\n,' signilican'''' incre'lsed (p<-0 .05) as substitution 

Ie\ cis o f S\\'cCI pOlalo Il,"r increas,'d. Th is incrcmenl cOlild bc alll'ibuled 10 the water bi nding 

capacity o f SIIL'c l pOI"t, !lOlll' .. \ s it Gin be s,'cn 1'1'0111 thc rcsults or WAC analys is of sweet 

pOlato and wheal Ilour. Ihe II alcr bimling capacit, 01' s\\ecl !)Olato Ilou r \\'as obse rvcd to be high 

to cause a greate r \\'aterHlIc!ing eapaeit) o r the sweel potalo Ilour Ihan the wheat !lour. This is 

the reason \l'hv the 1110 iSI,lrc eontenl orthc bre:lds incrcased lIith an increase in the sweet potato 

!lollr proponion. The pre .e llt lilld illl' lias eonsiSicllt II ith rel'(\)'ls oj' ,\n iedll <llld/\gugO (20 10). 

-1. 7.2.1.2, C l'lide PI'IlIl'II1 cOllient 

The mean pl'l 'I"ill COlli," 101 hrcads I,"'ued 1"('111 N.' 1-11.17g/l00g '1:lhlc 1.8 ). COlltrol bread 

had the higheSi 111 ,'," I I'l 'I ei ll C(\IlIL'1l1 ( 11.17g/l OOg) \I'hile hr"ild al 2:i% SI'I: substitution level 

bad the leasl valtlc i~. q" I t)Ogl. I'he l11e,,11 I'luleill e(o)lI,'nt oJ' brc::cls were s ignificanll y 

(kcrcasecJ (p <O .O:i) il, ·tlls ti Ilion !c,'cl, or Sll'l'e! !l(\I,ltO Il" tlr inCl'ea,ed . IIrea cJs at 5% SPF and 

10% SI' I: suhstitution Ic, 'Is did not sho\l signilicallt dil'ii.:rc:lc,' (p"i .(5) illl11Can protein content 

even though the Ine'lll 11I'lei'l Inilic ,kercilses Illth thL' sU PI ',elll"Ill:l:ioll Ie, 'cls oi'S I' F increased. 

I'" cept lu I' S'X, :-- 1'1 :lIIl' I I"" .;:'1' suhstiluled hrl':lcls. the mCcln protein eontenl of all other breads 

we re sign ifi callliv dilrcrcill (1'<0.05) rrom eilch othe r. I,o\\' protei ll conlcnt \\'ilS observed with all 

S',I cet potato suppklllcllt,d brcilcls cOl11p'l red to the control hre:ld. This could be as a result of the 

low prote in e(\lltent in S'lce! potal,' 111lLir thnll \I hea t !l0lll'. The pr:sell t linding W'IS consistent 

wit h repon s ol'('\ll iedtl, :Id \,.ugo. 20 10: 1-.1- hill\, ('I ill .. ~()IO: "ie. ~()I I ) \I'ho l'ound that the 

protein l:on1l: 11 1 in brl';ll: pn,dllc t ~ il1Crl'~I-;(,s \\ ilh COITl'Sp\'llt!in!~ i IlCl"l'dSC ill the rat io or srI: 
slIPpl cmcntntil)Jl ill ".11,\1' Ihl'!1" 
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~. ? 2.1.3. Cru tie f: d ("(.n Cttt 

Tab le 4.R sho",s th . Illl'a:, 1;11 C,)J1lL"ttl "I' hre, ltis ":lI1g itt ~ lion; 1,2 ,- I nt' I OOg , Control bread haci 

th" highest I11C"tt t: t COttl 'nt I 73g I(JOg) \\ hile brc:lt! :1 125' ,~ I T suhsti tution Icvc l haclthe Icast 

va lue (1,23 g/100l,! 'Ih' I11ClIl 1~1I COllle'n t ol',rcads \\cre sil!niti l"ll,tl" elecrcaseel (p<0,05 ) as 

suhsti tution levels Ill ' sw, ct ""tat) Iiour increased, tlrcads \\ :th 5"'" SI'I: :ttlel t 0% SI'F. 10% SPF 

an ,1 15% SI 'I:, 15" ;, SI'I' :lItl, 2()~'" SI'F suhsti1ution Iclcl~ did not shtl \\ ' significant diffcrencc 

(p>0,05) in me: lIl L1t elllllenl to cach olher CI'C11 though the mC:ttl 1:11 I alue dcc reascs with the 

sllpplcmcnt <tli on I vels Ill' ~ I 'I' i11 crcascd, Thcse reducti ons in mcan r"t contcnt of breads 

observed in CUlTen' stllch' dllc to S\\cc t po tato liollrs conwin low I:lt whe n comparcd to wheat 

Ilc, urs, These resulls Wcr,' \\','1 1 dgrccd wit h the lind ings o r(l\ 11iedll ,lIld I\gul,!o. 2010: Hie, 20 ii ), 

4:1.2.1..1 . Crude J'i H'r cuntt'lt t 

The mean fib ;.; r C(l!ltl' !ll ,1' hl~i1ds r(iil~('~l l'ri)!1l 1 . 7()-~.7"g (j"Jf- (TJl,!1..' .:.l.R) Control bread had 

the Icast mca" li b.,. CIlI,:l'nl (17(,~ I (I(ig) whi,c hrl':ld Ci t ":'''1" SI'I: substi tllt ion leve l had thc 

highest vall 'e (2 . -'-;l!'T()I\~~) . "[ he me,lll lihel' ":O ll\Clli or !'I'catis \\\.'1'1.: si!-!Ilificanlly increased 

(p<O.05) as s Ih q i'uliol1 IeI'l'ls or " lcCI polatc Ilnlir illc rl':'s,'d Tl1is incrl'tnCnt in mcan fiber 

con tent o f bredds ,lltt/,I le dlle !O Ihl' I'i"h tjUlllll lY " I lib.,. in S\\ Cl' l ptll<!tl1 tloll r than thai of 

",I,cal /l our. The P'CSl'llt lilldings \\cre eOllsistl'nt lI'i:h resu lts 0' (/\nll'ti u ~11d I\g ll go, 20 10; Ei­

l ai ny el al.. :COlO: llic, II,) \\hn had bcen prl'sell .cti thai Ik libel' cOlltcnl in bread products 

increases with COITl'SPlll' lillt' illCl"C tl:-;..: i!1 the ratio nrS ]'F ~l!ppL'Il1{'tl!H!i0n ill wheat nOllr. 

·1. '1, 2.1,5 . ToL ,1 asll CO,ll 'ttl 

TI'e mcan ash conlent (1 , hr":lds rangcd from 1 ,~t)-2,~~g/i till" (T:lhk ~ , X), /\11 blcnded breads 

had signinc:lI11h ligh.,. p"'I,(J:; ) lailic 01' ille:lI1 ash cont,'lll \\hell eOlnp:lred wi th the control 

br,;aci, The effects )f hie. d r::l io \\ tlS sigll ilica ntlv illLrC,lsccl 11'<11.0:;) ill mc,!tl ash content with 

SI' I: suppJc tn,'nl:lli ln 1'1 ·1 (" \\ he,ll ii')lI r i!lcrctlscd, COlltn)1 I' r "Ie! had the I .. wcst the mean ash 

cOll ten t ( i Y)g! I(llgl \I iic hrca J al 25"" SI'I: sll"'t il tli,l!' /cI't'1 h:lcI Ihe highest value 

(2 .X3g/ 1 OOg I . Ihis ill(: (I l~!l ill llll'JIl ~:~:h CUlllCI11 (1:" -'["\..,llh Il.i~ ht I'l' ~1:tribi.!iL'd by sweet potato 

Ilour: as S\\ -\.(' put .. i\.) l Ii (\.1I1[;\ i l1:-; h':gll tlSil 1l:\L'i ,\il~ll (( 11~r~1 ,.·d it) \\heal nour. These resu lts 

vvl-'re in ['ul l ilgrCt' lllL'J1' ,,,ith rL's ll1t ~ l"_'p\)]'lt'd l~\ l!\niL'du ;;!ll! .\gu !o. 2010 : 1·:1- Za in)" el 0/., 



201 0; Ifie. :>(111) IIh, .nl· stignte'd that :Iw as:l cnille n i, hread prodllcts increases with 

co rrespondi llg ine reasc il. till' rati o llrS J' I: slipplementa tio n 'Il\l'ileat Iloll r. 

4.7.2.1.6. T ota l r a r boil ) Inl le cOll tr llt 

The mean carho hydrat e' c mt"1l1 o r he:ld. rallge.1 rrom S:; .5 '-~· 1. '):ig I Ollg (Tahle 4.8) . The mean 

cnrbohydrall' C() !l t l 'l l l nr I"'n.~n Is i ll Ihis li llding \\ itS i!lC r"'; ~ IS C( L' H~ ll lh Hi gh SOl ll L' irregularity va lue 

""liS also hllJ ,pe ncd . ( '" lrl1: hrea,1 dil! nOI .shclII sigll i licCl n' dilYe renec (p>O.05) in mean 

earbohycirate eOll ten t 1'1' " : -;"-0 SI'I' su'1Stitllti1n lcl cl hUI I) IS si[!llriieanth di rIC rcnt (p<0.05) 

wi th bread s 1ll11dc up II :>0" and c.''',, SI'I : "Ihs ti tllt ill n \ '1', ·1 The il if-! hes l and lowest mean 

earbohyclra te con tellt I'ce'c ,,:'se rved lIilh breads slI l' I,lemellll"! <It 2:i°~, SI'I : alld 5% SPF levels, 

rc'spee tively. 'I'his IIlClCI':elll Illi"hl he ci li ribut"d bl SlI eel po l,1l0 !loll r: as s\\,e .:: t potato !l our 

con tains high cll rhoh" dl lie le ve l II h:1l eOlll p<lI\' cl In \\'h[' :11 11 ''' 11'. . \ simi lar resliit had been 

rl' port ed by Ilie (20 1 I) 

4: 7.2. 1. 7. Tot a l ell erg) l' lIlt cnt 

The mean tO tiri energ v e, nk.l t 01' hl\ ',lcls rdllgc,: I'ro .ll ,S ,K'- , <15 .2:iI( c<l1 / 1 (JOg (Table 4 .8). The 

mean tota l ClllT !l .) 1..'01111..' I 0'- hrcn·' \\-~:;-; si~ni iC'!lllh (!L'C '1.:(' (1"·0 ) ';) \,,-j lh SP\ : substation 

le ve l incrcasc'.1 C, 'ntl,1 :'1\.1(' hi' I thc hi,chc:t "crll . o r '11 '1 ' I' i') ' .2Sf(ca IIJOOg) and was 

si f~ n i licantl )' dii'f(.'l'cnl (I' (l. I S) eilllipa rl'cJ III 1· 11 ll th T SI' I: sU" pk mcntcd hrcads whi le bread 

supplementcd lI ilh 2:i '" SI' I: had the leas t se.lI'c· (~S~. X5 !,e, rI lOt g) . I his ,k erement in total 

ellergy o j' bre'lds as the r. till ll j' ~ 1' 1: illclc' lsed 11 Ihc biclld. Ihere ftll'e . might he att ributed by less 

en ergy cont ell t o !' SWCl't ]'UWld Iloll!". 

4. 7.2.2. iVli nc"al l' lI IlI l'1l1 II I' l-rea cJ s 

Bl'eacls fro m dillCl'ent il' 'ncJ ng r: lllo or SlI ce t [lillll to Illllil :Iild II he, 1l Ilour wel'c ana lyzed for 

minel'al conte illS (cd lei III . ph)s[lhllnls . iro n nne l ine) and the resul ts :II'C prescnted in Table 4.9. 

-1: 7.2.2 .1. Calci ulli COll t t' llt 

TI~c mean ca lc iu lll Wilt 'n t oj' brc: lds ran ~ccl l'rom ') I .OR-.' 1 . 4:> 1ll ~ I (JOg (Table 4 .9) . Control 

bread had the Icasl mc'lI c:rI iUIll l'l)llkn l (~ I .(;gl'll~/l (lOg) II hile brc;;d al 2:' ''·" Sl' f substitut ion 

rill' 11Il '(l :1 cillrn ,'OI1 t.:'ll or b r~ads \"'ere 
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si~" nilicantl ) incredsed ( :0 ),) :1:' sub.',ti tl :t i(1I' le I c is o r " I(' el pot 'lto !lou r increased, Higher 

score or calci um conlCU I lIa obse['l ed 'I' ith ,Ii slI'ee l pOla to suppll'l llCl1led bread s compared to 

the control bread , Thi s c ,uld bc dUl' 10 hi gh e":lIL'111 or e:lic iu ll1 111 SIVe('1 PO IIIIO fl our than wheat 

no ur, This result lVas (' lllS ' , tcnt II il h linding 0 1' LI- ,taill\' (' I II i , (:~O I 0 ) who rel'caled that 

calc ium con lcnl in br('a,! pr'lciuels Iner 'ases lI ilh clll'resp ,lnd il1 g increase in Ihe ral io or SPI' 

supplementalilln in II'hl'l l fl ou !'. 

Table 4, 9 EITeet ol'blenci il lg rali() O il minera l c",nposi li oll o J'h rei'ds l ing IOO g) 

Blendin g ratio 'all lulll 
- -

() 'X, I ,(h . OJ) II 

SIX) . : .11 : () , (' . " 

10% i, ) () , ()~ I 

15(~) ,()f); , 0,(1 1 

20% .. i) , I (U) I I, 

25/Yc) I ,~ '3 O,D I " 

I'h ll s pll O /" US 

I (), ~1 (J.O~" 

I I) , I ~ I (II " 

1 N. 7X (J ,[I2 

1 S .-1 :2 ! (),lJ~" 

17 ')X 0 (11 ' 

17 ,5 1 (),(11 ' 

I r O il Li ll c 

3, ,( l,(ll ' 

~, _; i ,01' 

~, 'l~ I JU) ,.," 

5, 0')' iI ,OI " 

0,'11 ,, 0,0 I , d 

0 .. " ) 1, 0,0 I " I 

0 , (, 2 " () , oi" 
OJ).I 0,02 b 

{ )(,~ .lc 0,0 I a 

Reportcd \ J.luL'S ;1:-: 

differ" ,;! (I' 1: ,1)5) 
L ' 11 : '; !Il I:~! (11 :::). \ \c ;1I1 with dll'kn':l1 [ IcU c r~, i ll the S'lI11C co lumn arlo! significant ly 

4, "} ,2 ,2, 2. Phospho r us (,IIlI l' l(t 

The mcan phl'sphol'l lS e, oil' I 01 ' I" ",tis rdl :i'-": I'" III I .. ' 

bread had tlh' hi ghcs 

), ' u,g IOOg 1'1 :Ihk .1. ') , Control 

II'{):,' II hile ,1rc'ld al 25% SPI' 

substit ulion k lTI h:ld 'h k, ,I '. ake ( 17,5 11l'F' IIJ(I,,1. 'Ihl' 'lIe:l :1 p.1< " ph<1 I'1 I' COll tCll t of breads 

we're signifi e'11ltl l' dcCl'( ,Se(1 (p«UI5 ) :IS slIh, li llilio ll lewi, 0 1' SlIcel 1'0 1'110 fl mlr increased, 

l,olVcr score nf phoSI,I\( "IS ~" ntc ll i I\"IS nilsel'\'l'd II Ilh Iii I SII 'cl PO I" to sl'pplel11enled breads 

cot1lpared to lire eonll'll l '11'c:ld, 'I hi s decremell t In I' lwsphor ',,, I c 1'<: I of' hrcm ls :I S the ra tio of SPF 

increased in II:e bk lld, II ~,,'e, )rc, migh l hc :l llr i l li led hI les pi\( , phl1!'lI' eOIl'cnt of' slVeet potato 

flo ll!'. 

~L ' 7 ,2,2, 3.11'011 ('(1111('11 1 

The mean iroll cOlltell1 0' br,' :1ds r:1t1gec1 [i'om = ,,) ~ · 5 , () 9Illg IOOF (I 'I ble 4,9) , Control bread had 

Ihl: least 111 C:1n iron COlli 'Il l (2 ,9211'S 100g) 1\ hill' "rl': leI ' It 2"X SI ' I subsl ilu ti on leve l had the 

highest \ 'alll l' ( 5 . 0\)1ll~ : .lOg 'I h L' I1l C,lIl iron CO ll tC'll nt" br .. 'ads \ \ CJ' l' Si!;-l.!lili can tl y increased 

~ 1 



(p,O.D5) as subsl iluli on . 'I'C :; "i" S\I 'cl "ot;ll(1 IOllr increas,·d. I 'igl cr score "I" iron conlenl was 

observed wi lh all SlIcel 'lIll' In supl'iL'nll"nll"d l're."ls conl p lrcd 10 1.11' l'Il 11ir0 I brcad. This could 

be due 10 high COlllel,1 11' iron in SlI'cd I'olao nOllr IIWI] wheal lioill'. . \ si mila r resu ll was 

observed by 1':1- 7.<linl l'/ ,,/. '21 )10) who Itllind h:11 inlll CO I I,'nlln hC<ld I' rnd llCls increases w ilh 

corresponding increasc il Ih, ralio 01" SI'I: SlIppklllCnlalion in ",hc.ll Ilou l'. 

4, 7,2,2, 4, Zin c content 

I .ow !e vel 01' zinc Conll'llI \ \ ciS nhSI,.T\'cd in all il l \ \~sti!..!;ll Cd iHl,.'ltb and the mean \ 'aluc r an ned , ~ 

I"r(l ill O. 52-0.6Xlllg/l () O~. Conlrol I'r,'ad 11<Id Ihe Ie- lSi Illea.l lillC e lillenl (n52 Ill g/1 00g) while 

bread al 25 % SI)I : Sll hSli IIli'"1 leI'cl h"d Ih l" hi h,'SI I,tlue 1l.()Xlllg I I06i . Ilrcads \I'il h 0% SPF 

(100% whea l ilour) and "" ; 1'1, .. ,11." S i'l: and 10"'" Si 'l :. 111"" SI ' I' .1I1d 15°/11 SI'F, 15% SPF and 

2LJ% s rl-: su bslilulion leI 'Is iid nOI shl)) signi le'!lll dil"krlnce (p>IU)5) in Illean/,inc contenl 10 

e<le h othe r even Ihollgh I' C I11c'lI1 /.ill-: v.tlue inllT,lSes lI' ilh Ihc hlending rati" 0 1" SPF increased. 

(i,'nera ll y, 111c' l11e,dl in' «"llcll l n:' br"ilds lI:rc si,~ni lie:.Il:iI· inc ",'ascd (IV D.05) as blending 

rJl io of sweel po t"to 110' r increased. I'his 1"0111,1 he dlll' 10 high Willen I 01' lille in sweet potato 

Ilf, ur Ihan whe:ll nour: ,I imi,ar rc"ili \\'~'s illl'Ci-lih'<llcLi III I 1- L::11I t'i lIl. (2(110) . 

-1. '7. 2.3. Phy l>l tt' l""ltl'1I1 ,III!. ph)'!:"" milleral 1l,,1:1I' I·a li " .·, "I' hn'aLis 

The mean values 01' <l11l'1It11 ilioll::1 IOlelm .,uc:, :IS phYla ll "Dlllcnl and phI la ic millcra l mo lar 

ral ios ol"eoll lm i alld dil'i-rclH kleL OI"SIIC,'1 P"I:ilC 110:11' S''1,plL-lllclllcd brc"ds were determi ned 

alld resulls arc I"btllaled ,11 T.lhk -1.1 I. 

~, 7 ,2.J.1 . Ph ) la ll' con ll'l I 

Thc meall pili tall' cOllier I 01' hrcad; rctn,:cLi i'rl'l11 i)7 .,I} - l)'.~~l11g/l')I)l' (l'aHe -1 . 10) . The mean 

phYlalc COIlIl'lll lll' 11Il,1 I ,IS si!~:;ili.:,.nl:, 1.,'( ,.lsed ip 1,-0. I I' i,h SI' I: subsli lul ion levels 

increased. COlll1'01 brc.:Li '",,! Ihe lu!,hl'sl I'a ue 11" I1hll<lle (')'.X'I11~ I !l()g) "Ild was significantl y 

el i Ilercll l (p ' (!.(I~) Cllil p. r,'d ill <II o:hl" S "I'U'II,iL'1l1"IlI, d 1'1' '~Id lI'l iic hread supplemented 

I~ ilh 25%, SI'I ' had Ihc!c lSI' '1lue 1I,7-1 .i lllg IOOgl. I"his lbTe,ls,' c(,uILi be :'Ilribulcd 10 the level 

01" phytatc in SlleCI po:a ) Il"ur th:1Il II heal ill' II'. . \s il can bc ,CCIl '-mlll Ihe rcsulls of phytatc 

alldl)s is o l" sllC.:1I"llalI IIlI 1111I'al 110u l. Ihe pi I'!:ile COIlICI.! OI"SII"CII'OI:lID 110ur li as observed 
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to bc low COlllr;lrcd II t' '.1'1 :ilt !lour '1 lis is llil' rl'IISOIl II hv Il.l' Idh'lil lC cOl1 lenl of' the breads 

dccrcascd wit h il l1 il1erl',,: in Ihe SlIeCI I "WIO 1'.'"I1· proJ1ortilln. 

'1. '1 ,2,3,2, I' hy tat(': Calci ' ''" lIlol a r r ati " 

The 111ean ph"lntc: ea iLit"ll t,H)I;t r ralio of' brel]'( s r; lIlgcd li'c lll 1l .1~1· 11.29 (Table -1 .1 0). The mean 

phytale: ea lciu1l1 1110:.11' ra'io 01 hrcltds II" s s gllilieanlll llec'l'ascd (p<0.05) lVith SPF 

subs li tution Icvels inC1' 'a cd . Conl rol hrcad had the highest ,·;tlUl' of' p!1\late: calci um molar rati o 

(0.29) and Wits s igl1 ili ( I'll" lillcrl'nl (p<0.05) cnmp:l red In all ulher SI'I: supplc111 cl1 ted brcads 

wh ile brcad suppicmcnl,'d lIilh ~~oo SI'F hm Ihe leasl , :tluc 10 . 14) . This decrease could bc 

al lributcd to Ihc lOll an.l )igh Ie , cl of' plwWIl' ,Ltd eilkiulIl i') SWl'ct 1'01,[10 Ilnur Ihan wheat nour. 

!'hyt ic acids marked l.'· "erc:.se eltlciuln biocl ' "il"l1i lil " ilnd Ihe pl1\'I'j[c : calcium 1110lar ratio has 

been proposed as an i:r. :i ;:10. (I' cillcium hio;1\: il,I:)il il'· . 

"he phytalc: "illciulll illl hr .il ios of)'::: l. iulie.!tl\!.' Ill' J1lH r l"akill11l bIO.l \i!l labilit) (Norhaizan 

and I:ai zadill ul. ~ IlI I!) ) . I I,' (' .1\ ta ll'. e;,luun, nl ",: ril':< in 111L' I'rl:;enl .11Ich· ILl r wnllOl and 5% 

S!'F subst it llll'd 11I,ill!' , ,'Ie li~h l' Ih;\I) Ihl' rei Ilrtl'd Cril ic ,.[ [n " 1; hi, indlc'''i~S Ihil[ "bsorplion 

or ealciull1 mt-l'I'Sl'[V ;, I eleli h 1'11\!;lll' in Ih,' e "I'l'dd". /l,11 in e."l' 01' Oilier breads ( 10%-25% 

SI' [: substilu led blead'i ::e "ldue lias IOllel' )1.;;" lile repc rted ,'ri ll c:t1 ic\!'1. " heh shows lhal 

absorptio" ol'cillciull1 r!' ,In 'clC cl ,. \ pil\ III Ie in Illesc hrl'ild.; . 

Ta ble 4. [0 LlTcel nl ' bk" [in!, 1';; lio on pllVwlc ;;'ld ph) tlrlc IPiner;;[ ll1o[lII' rali us or bl'e;;ds 

- ~~ 

Blenciin g I'h ." I:1I (' [['h)' xCa [:Zn 

ra tio (mg/I flO. 1 Ph.":C:1 ['h." : F(' Ph.": Zn (mgIIOOg) 
~--- - -
0 110 ')g SX , I . . -I" o :'c) , () .11 [ " = Xl)., (I.1l [" I ~ . X:' () 1[" O.OC)CJ "0.00 [a 

:) (X, ~9.9LI . ) ." .' ). : 5 ' Il.''i'' =.~ [ ,0,112" I'dl' ·1l.[Oh n .()') -b ,0.004" 

IOIXI g7. I(): 
., , n. '2 . fl. II [ , [ .!)(i,' IJ.(IO' [ t.r1 , Il.05' O.r)9~ =0.003 " 

15'X) 7).S:l ; ')·I d O. [X_, D.p! d [.5~c 1l . 0~d 1'[."O.-1C)d 0.08:; "0.004" 

20'\lu ~· 2. 21 . • 
.;; ~. 0 ~ (1 : (J .I J i " I. <~ : !l.1 I~" 1 1 , ! ' , , 0 [ l)d tJ .!lS: & 002" '. 

25 /i'() (, 7. [~ , I. " 1) 1-1 ,1' .1)[ , . [ .; , Ilfl I ' [ II.: . 11. )Sl' I)Og I &00 I b 

Reported \:lIUL'S ;Ire Ih. I t'.l!l <)1: (~I- 3). \il'.ns \\ 11 dillcrl'lll kilns III t il,' \iP'l l' Cill11IllIlS arc significant!) 
different (P 'In.,, 



4. 7.2.3.3. P hy lait-: In)'1 ,:,,1.11' "., 1" 

The mean pllllal,': 11 011 110' II' r:lI ill 01 1rc,lds lallget! 11'01. , 1 , 1:; · 2,~C) (Tahle 4 ,10), The mean 

phytate: iro l1 IllO Ii Il ' rill< Ilr hl~:lds ",IS sigl1 iii "11111), ,ie-creased (p·O.D:') "ilh SI' I: substituti on 

le ve ls increased , COII I,."I Ine.ld had Ihe highes l I :ilue or pili \:lIe : inll1 mo lar 1I11 io (2 ,gC) and was 

signilieantl ) dil'Cerenl I' (l ,II:;) clllnp,uni 10 :111 ,)Ihe r SI' !: sUi'pi.-mell led hreads while bread 

sup plemcnted "ilh 2:; ";, , 1'1 h:ld Ihe Ie"sl ,:il ue (1, 1") , I'h is decrease could hc altri iJuted to the 

low and high lel'cl or, 11. laiL" and irnl1 ill SLIce pOlaln Ii olir Ihan " he"l II our , The phytate: Iron 

mo lar rati o ~I , indica il ' (l poor iron bi",,, ,'d.lhilil)' (NDrh:li/a ll :lIld l:ai/HClatu!. 2009), The 

phytate: iron molar ratin n Ihe presenl slueil' Ie'" :111 breads we rc hi['her Ihall Ihe reponcd critical 

va lue, which impli es the Ihsll rplion or irnll rrol~1 all e~pe ril1 lenlal hr,'"ds wcre round inhibi ted by 

phytatc and as a resu llih hilla"a ili ll1 ilil), Cl r' irnl ' is poor in lllcsc hrl'ads , 

~. 7. 2.3.4 . Ph) (ate: Zin c )llIla ,. ,.a tio 

The mean ph ,,(a W I,i n ' ',In "", ra t i 0 (' h:'c II Is I II 'cd I'r, li n I iI,:~' , I :: , ')~ (T:d' le .1. I 01, The mean 

phytate: zin" '11('Llr r 1':( "I' ·'re.ld II;" si"n i:i ',,,Ih' Ii 'e rl,IS,'1i (," I.OS) \\ ith SI' lc subs titution 

leve ls inere <l scd, e "nlr ,I )),\ 1-1 had Ihe h i' h,'S I ' 'rille "I' '1 h) 11,': ,';Il 111"lar r::li o (18 .x:~) anel was 

si l~n i l i eantly ,! ilkren', 

s ~l p plemcn tc d lIi lh 2''', "I' h,ld 1;le ka I "ri u, (11) ,2'), 1'1 is d, Te N' L'o uld he al lr ibuled to thc 

I, )wand high le I el or I'h ' 1;1 1' and l ine ill sllee~ PO!:II(l Iiour Ihan " ,le:lI 110 II' , The phytate : zinc 

molar rmios ,15 , illtli, 11" I POll " I, illl bll)aI " ilabilill' (1\orha i/;\Il alld l:ai/,adaIU!. 2009). The 

phy tate: zinc mo lar r:lli(' ill Ihe prescill st udy ,0" contro l , Iltl ) 11' 11 '01' 1: sUbsli tuted breads were 

higher than Ihe re p0riL·tI cri'ieal 1,·I·cl. indi eming thll IIbsmplioll or l ine "as rou ncl adversel y 

al'Ceeted by phvlfIte iIC IleSl hre'lds , Ilul in e IS,: or olhcr bre,lds (10%·25"0 SI'I' substi tuted 

breads) thc ",du,' was (, 'Id IOll c r th:\Il ,he rq Il:'ld crili c; I "Iille, IICdiea li ll' Ihal ,1I1,;orpt ion or 

~. 7 . 2.].5. II ' IH lale ~ Ca, illlll[: L.ille 11111 1",. ":1110 

The mean [phl'!:II" x e k i Il~l: l'IlC mo l",' rlt;o nl ' hrc,:ds nll,,'d I'ron' II.I)RI·II'19mgIl 00g 

('J' able4,10), (ienLTa'I' 'h,' me:" [1'1l\W le , c,klllln[ /1 I ilL,. r,' " , or ')reads was 

Sll~ll ific all th ('ee,',,,,,,'" (1)5) 1I'lh S!'I: """ ~:Illli,," ICI 'Is " ... ·r"a'T' , C ))1Iro l bread had the 



hi ghest val ue of'll'hl'u: ,\ ::lieiul'll' line Inl Llr ralio (0,0')'») and \\<lS sign ifi cantly diffe rent 

(p<O,05) co 111 pared In I.""" 2()'Y<, :1I1d 25"',,;1'1' sUPl'iclnenl('d t' le<lds hili not significantl y 

di lle rent COI 'l l':lreci tll "" :In I I ()~" SI'I: sUI'I'ic'IlCllied hrc "d~; Ihis ,iL'lI'e:lsc l'ollid he- att ributed 

to the lo w allC' high !cl' ,I 1'1 '1\ t;ltl' .111<1 , i'lc il: :\\ cet I" atl ll(llL Ih ll' \\ he::t 110ur The potential 

elrect ai ' ca eilll11 O il ' i, :iNlI'ptilln i, the I rl l'nee 0 1' high I,hl Utc int:iI,es has led to the 

sllggestion tha t the II,h wt, " ccileiullIl : 1,ln' l\1oLt r ratil' nl'l\ I e a h,'ller index of zinc 

bio<lva il abili t), thall the I' II' t:l'e: I. ine l110lar r:lti, ,liolle (Ob' lh :In 1,\Jllusan, 21J09) , I ligh ealc iu lll 

k vc ls in fooels C:ln I'I'Il10te the plll't:lIc-illcillecd decrease in I,i "c hiou\'.Ii labil itv when the 

Iphytate x calcilll11 I: lil1e 'lllli:lr ratill gre.:!er th <ln '1J1J1l1g/ 100lC ('\orh:li/:1I1 and 1::li zueia tu l, 2009), 

In thi s stuci" the I'allil's 11' Ip[,)t3:l' x c"ici,11l1 1.llle n1l) Ia r:lIi"S (lI 'all brl"lds \\e re fo und less 

tha n the I'CJl (1ricci critic ,I "I'l,I , Ihl'ld,lt'l, binal liLlhilit\ o l'I,ille IS 11<11 lllTl'c cd by cllle iulll in the 

presence of' l'h,'I'ltl' !clcl in ,iii e"I'Crillllntrll bl :r,ds, 



:;, COll dll Sioll ;J lld 1~ t'l'(JIll IlIl'ndati()n s 

5,1. Conclu sio n 

This study ha s cm crcd i II(lIIn"lio ll on 1,1C nlill lilln(l l allCl : l1Iin Ilrill"n,1i sl::llIS or ) ellow, while 

,,"d orange !kshcci SlIc'l" P' ',llO ClIlli,',,,'s ill 11"'i' 1':1'" ' OO ls 1I111'e('1c I ,mel ",'c icci ClI lci ilions, II 

al so attcmplLd Il) ill\'c:.;! i ~ :llC Ill...: pl):~sibilit;, ,d" L'-i i llg orange S\\'l'L'l PU\'l to Ilnur f'l r the production 

or breads bl hk ll ciillg 1I'lh ,', he"l Ilollr, Mllr,', ",'I', Ihc ~ncCl "I' bkncii ng '''li D o f' swcet potato 

!lour and whc<l1 Ill)lIr pn I he n1l1 ri I icm"I, an' i 11'.1 , rit ipn,li , CJ 1I :1i i I I '"Ie1 S~ IIS()l'\ all ri buies of breads 

'hilS investi g:ll eci, I'inal h', 1(lI'oelion'll prope rt ics "rlhe comp" si IC !lours IIcre ,liso studied, 

T ile result sh ,)\\ed Ihal tl,e n Ilr il ional '11 I a'llin Ilrition,,1 C(lI1ICIIIS o!' Ihrcc S\\'l'CI potal o vari eties 

were Sigll i fi ul1ltly \'ari_'~1 du· tll clIi!i\-ar \".1;·\~ll,n .. , proc..;ss ng ,:.011,,111 O!lS ~\:Id th~ ir it' \craction s, 

Otange Sv\ Cci puLltlJ ",,'\..;1 CUIl •• li1ls Ill..: hi! :1,'~! le\ d )1" tr,qis, Ire. I'at. ;\sh . c( \l' Duhydratc, 

energy, calc iu:l1 Cllid ir)1 iii ,I(;peeled cl)nd:t iO!; 'md liber. 1ll0i~'llHl, 1:11 . ~lsil . ca lcium, iron and 

ZillC in peeled cond il ioJl. JIll' prol~ill Clllllc.H \'liS !cas I in or,lI1 ~t: . \\ed potJlO cull iqll' in both 

condilio ns, Ycllo\l S\\CC' :'U: 110 ' ,I:'il'!" C(\III.I'I.' Ihe hiJ"h c !c'ell!'pfllicin, phytatc, pbytate: 

calc ium, P h)'t~lll' : iron ~l III j'h"t al L' : l.ill~ lllOL1r r~llio~ 111 h):h 1I11', .. Tkd alld pee led conditions 

wh il e fi bcr. o""lalc 'lIlei 1;111,1111 ":lllIl' \':1S hi"ill'st in lI npcclcd cO!ldilion, \\'hi lc s,,"cet potato 

v:!rietv eont :l i"s Ihl' hi ,I 'sl cnd 1(I\\('sl l'""ls 'I ,li1osphor " ,1:,,1 ,'11 I:lk i I hO lh lIn)ce leci and 

pee led concii tl:){ls :Inc! il \l:! '(lUI' I in nklllio 

hand, peeli ng was c!l'(,"l' "c(~ till' k"l'!S ,)1" ll1(li 111n.:. prolein. liher. ,Ish . carhohyd ratl'. ca lcium. 

phosphorus, iron, l ine :I"d pI' la iC :mel 'nCl'e :!," I the olhe r p:lI'il'l1l'IT' sueh :IS ! ~It. c,lrbo ilydratc 

and energy contents in l1L'il CO!Tl'Sllolldi ng V;\ 'il'l ics , J\ mo ll~!. 111r('l' ~. \ \"l~(' 1 potato cult ivars. this 

resu lt has indicated Ih:1t nr;I!lf.!C S\\'CC! pOlatn \;lric I)' is prtcn: ial ';' !--!onc\ '>d UI'CC oC nutrients 

compared In (lthe r S\lCl' p,:lalo ,':!riel il's, 11c1'Cl' , orangc W,'C('i 1'''1:110 clIlli"a r is se lected for 

bJ'I~ad making. 

ilnd loafsi /.l' (\'OIUIlll' . "j ~'l'illL' \ 'oL.lllL' ,"ld 'Wi"ll,) .. It:·~ to I II,.'\,., :ldi ,], {, r ,:;IIt....·ll IllCll ri '\ in wheat 

11{)ur. COm j1{lSill' nOll'-S 11:1 ' ; hil;l'l']' I '\C. (I '\L\ sl~:!cr 'Ui !l'lf II d [j,t\c r 1c\\: or waler 

ahsorption 'il l"ll'II\ If, II cP'IL'o l I' HCC', III ,',I.! 'C "T'"'L'l1 C' WI SI! 'lIl'p,l'C:lcnlcci Iloll rs haci 

si ~~ n i licantl) i llcreased ;L' ___ I. 1 'tnPI:-.l III :1~ 1. 1,11 ':'. L,lrhoh ,!';1:. l' I'J m. 'J II and l.lIlt.: conten t 

f, 



tha n control brcalls, Tilie' ',Ia duc:Il lile lit'l I," l'is ol'll1csI' llU' iell" ill SI'I' eO ll1l'alcd to whcat 

il()u r. On thc olhcr h:IIl(! IIll'r, IV:I' a dl'nl':ls.' ill I'I'(1IL'i n, LII. lncr~1 :Ind I'llilSpho rLlS leve ls o f 

bl'>;acl s as substilutioll Lli SI I: iIlCl'c:l se<i in bkn.lillg ral io , \Ilocnl cr. Ihe I'ilylalc content ancl 

ph ytate ll1i ner:r1 Illolar 1', lio~ "I' blc'llIic',' brcads lIl'l'e ,liso sigllilieCilltl1' de 'rcased Ihan contro l 

bl'>;acl s. T hus, sUppli:lllCIl:ll illll oC SI'I: C 'Il rccil n' I'hl'lHlC klcl. cllll:IIlCC Ill illc nr l bioava il abililY 

and improve Illlirili()na ~ ~ ;\!lI, u!' \\ hell t'rcads. 

COlllprehellSil'L'h'. Ihis I' 'sui I"'IS illciiC:llcd tl 'I sUl'pknll'llla'i'"l )' '; 1'1' 1<' WI: II ill greall y 

red uce phyl:IIL' k l l· l. C,II'I'IC' I lIIlC,:r111 ':11 ,il. ,il;ll' dll,1 il. ll'\ IC :1:, I,dtril.o:la! sta ll S of wheal 

breacls: part icu:'lrh L",-I lhl Ir, lIc. ,\.:11. ,iilL'r. ':I,ci, II11. iro ll ali,.i /.111, lul us Ncvcrthe less, all 

tl utritionall y rich flllHl ;)1 )dll Is !l1,,~' !lut he ;d .. :1>-" lk'sircd !p V\'!1:~lllllL'I" ;:Cl'cplancc. Results of 

sl~nsory altr iblltes III tel is )1' appl..\lr'lllCC. ,In ll1 .. , tdS\ C. l11lJlllll I'l i..'1 ;lIld l \ era\! (\cccptability 

illd ica lcd th: lt cOlltrol I I' "ds IIcrc Illorc ,)rc,crr:" hI CO' ISU:11cr Ih,m Si' l· , 'l'p lclllc 'liCd brcacl s, 

Il owcI'cr, brc,lus 1ll:11ic! 1I. Il:'; I - " '-;1 I· s ,hillllL'd :lCCCIIl'd h L lllSll nlC'S (scorcd abovc likc 

slight ly range!. thi..; kn,j to 1:1l' cOt~c111~i\ln th,~t nlltri tional itnpn \'Cel. ,ltl tinlllritiollHI l'l'ci uced and 

consumcr acccplahle hi '.I d~ ca ll hI' plcpmcd \v slIpplcIllCnli'l[! "I' 10 I""" S I'I : ill WF, In 

general. the rC ~lllt or thi: Sll !;' \\'i .1 llol onl: h 'lp COIlSl.lm l·r~· Sl \erli\ cl:' clltivnlc a1ld consume 

high n utr i ti ou~ s\\ cd pOI .in I'ul tivi!r hut ~ds() it prnvidcs !II\' pPs~ihil il y nl" its !lo ll r su hstitution 

10 wheat nOllr :1 1l0 10 dc'\ .1°1 nllt ri 'il)J)al ' 11111'01 'd h','ilds , 



5,2, Hccomlll t'll ci at ioll s 

E~ Hscd on the curren t st 11..
1

\ . II.e r{) I It1\\'ill~ ],Cl'O JPIlll..'I1 d: l l i o ns ~\rc 'l;\{!C: 

~ Since o range S\\ lT I j'OlalO \ ;lril'l) is p It.,.·lli ially g (llld :-.·lllrLl' 0 1' 1l 11lricn ts amo ng three 

slVeel pO lato "<Iri 'lie", morl' cmpha,is 'h,'ulcl be gi n'l1 I'llr liS culli l<lIi ol1 in agr icu ltural 

sectors as \\ 'cil as 'arl'lcrs land , 

~ It is high ly l'CC "'ll1ll"Hled Ih"l "ICI I !',1I.1I0 roo ls sh()u~d Ie cllnsul'led in ils unpee led 

stale: pCl'l i ll~ nl'~; \'l.T: I :otalil r{)(l~S r ... 'llll;\V:-. most Of lllitl': 'IllS t 1:11 :\ l' l im portant to human 

healt h, 

~ TraLi i l klll, iI p r {)lL ttl Il1c l ::d .. !: _.,\dll1d [....: ill\'Csliga\, .. t, i "II \ Iricl iL'-i in order to observe 

effec t {l!' pnlccs,"C., on I1l1t ri ti~)[1<l1 :l1ld (Inlil'ILIlr it ional r~L: l (l~''' . 

~ 13reads producli, 1 ['''elm "Iccl POI:llu '\lld ",ileal ('onlp",il': /l ou rs should be given 

cmphas is lm el pi" 'C" l1S Shl1l1ld he l' llc"uraged 10 ulili/l Ihl 1'01cnli;1I nu trien l source or 

sweet po tatu ill'l! ~ Ih':C sl!(h b:\:"H~~ ;1"( ,\ ~o()cI SO~lrCl' {)rdi,t:lt': !ilw r. \'.hi ch may also 

be or bl'l1l' !it ill II 'pi '\ cilt i 1!l nl' ~;\rJi()\ ~1.~clI l (! r d i s c~\~es lilt! ,-' IIll,;lT~ 

~ Since prllk'i n 'a' .IL' .; len \ i'l S\",VC: p:).<I',O cll\ tiva rs , i t ;s 1'llcollra gL'd that sweet potato 

crop S1l(lldd be -..:( Ilstlll1l'd ,J! (\)1 1 , ,,,ill. lc~utlll...' s, Thl1 ~ , fa'1ll1'rs \\'ho cltlt ivate sweet potato 

crop shou ld ai sil 'ul l "'l ie Il ' ~lllll 'S ill (1 d'l' 10 e() l11 I'el1scllC: pl'o leil1 I "l lIe of sweet potato 

far their gnl\\'in~ hi! Irel1 . 

c· 
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Appendices 

Appendix-I: Score sheet for sensory evaluation of breads 

Sample code: --------------------------------- Date: ----------------

Instruction: You are kindly requested to taste -:)ach of the six samples you are provided and 

choose the descriptor which, in your option, is the most applicable to the attributes being 

evaluated. Rinse your mouth with water provided after you have finished evaluating each sample 

and wait about three minutes before evaluating the next sample. Use for: Like extremely(9), Like 

Very much(8), Like moderately(7), Like slightly(6), Neither Like nor Dislike(5), Dislike 

Slightly(4), Dislike ~10derately(3) , Dislike Very much(2) and Dislike Extremely(l ). 

Category scale Appearance Aroma Taste Mouth Overall 
Feel Acceptability 

----
Like Extremely i + I 

i 
I Like Very much 

r 

Like Mt derlltely 
I 

Like Slightly 

Neither Like nor Dislike 

Dislike Slightly 

Dislike Moticmtely 

Dislike VCI'y much 

I Dislike Extremely ---t 
I L . i 

Comlnents:----------------------------------------------------------------------------------- ----------

Th3nk you! 

I 

I , 
, 

I 
r , 
I 

I 
I 
i 
I 
r 



Appendix-II: Proximate composition of three sweet potato varieties 

2.1. Moisture 

Tests of Between-Subjects Effects 

D d tV ' bl epcn en ana . t e: mOlS ure 
Type III Sum Mean Is' Source of Squares Df Square F 10 . 

Corrected Model 90.709(a) 5 18.142 85.825 .000 
Intercept 63095.302 1 63095 .302 298487.590 .. 000 
Processing 17.376 1 17.376 82.202 .000 
Variety 72.485 12 136.242 171.453 .000 
Processing * Variety .849 I ~ .424 2.008 .215 
Error 1.268 

1.
21 1 , 

Total 63 187.279 112 
I Corrected Total 91.978 i 11 I 

a. R Squared = .986 (Adjusted R Squared = .975) 

2.2 Crude protein 
,. Tests of Between-Subjects Effects 

D d . tV' bl t . ep_ell ~» ' ana e: pro em 
Type III 1 

I I 
Sum . of IF I S' Source Squares Df Mean Square I Ig. 

Corrected Model 21.428(a) Ii 4.286 53.029 .000 
Intercept 196.506 196.506 2431 .505 .000 
Processing 4.320 I 1 4.320 153.454 1.000 
Variety 15.598 2 i 7.799 196.504 . . 000 

I 
Processing * Variety 1.510 2 .755 i 9.340 t .014 
Error .485 6 .081 I 
Total 2 18.41 9 12 

I 

I i I 
Corrected Total 21.9 13 11 I 
a. R Squared - .978 (Adjusted R Squared = .959) 
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2.3. Crude Fat 

Tests of Between-Subjects Effects 
Ddt V . bl f t epen en ana e: a 

Type III 
Sum of Mean 

Source Squares Of Square F Sig. 
Corrected Model .655(a) 5 .1 31 63.870 .000 
Intercept 6.780 I 6.780 3307.333 .000 
Processing .077 I .077 37.463 !.001 
Variety .575 2 .288 140.346 .000 
Processing * Variety .002 2 .001 .598 .580 
Error .01 2 6 .002 
Total 7.447 12 

I Corrected Total .667 II 
a. R Squared - .982 (Adjusted R Squared - .966) 

2.4. Crude Fiber 

Tests of Between-Subjects Effects 
Ddt V 'lbI fb epen en an~ e: I er 

Type III Sum Mean 
Source J( of Squares Of Square F Sig. 
Corrected Model, 17.774(a) 5 3.555 631.948 .000 
Intercept 238.610 I 238.610 4241 9.557 1.000 
Processing 12.221 1 12.22 1 2 172.624 1.000 
Variety 2.6 13 2 1.307 232.286 1·000 
Processing * Variety 2.939 2 1.470 261.273 1.000 
Error .034 6 .006 
Total 256.4 17 i 12 ! I I Corrected Total 17.807 11 I , 
a. R Squared = .998 (Adjusted R Squared = .997) 

iii 



2.S. Ash 

Tests of Between-Subjects Effects 

D d V' bl A h epen ent ana e: s 
Type III 
Sum of Mean 

Source Squares Df Square F Sig. 
Corrected Model 5.59 1(a) 5 1.1 18 210.003 .000 
Intercept 202.787 1 1 202.787 38082.142 .000 
Processing 1.159 

1 
1 1 1.159 217.729 1.000 

Variety 4.371 2 2.185 410.387 1.000 
Processing • Variety .061 2 .031 5.757 1.040 
Error .032 6 .005 
Toral 208.411 12 

I I Corrected Total 5.623 II 
a. R Squared = .994 (Adjusted R Squared = .990) 

2.6. Carbohydrate 

Tes ts of Between-Subjects Effects 
Ddt Y . bl C b h d t epen en , ana e: ar o lyl ra e 

Type III I I 
Sum of l Mean 

Source Squares Df Square F Sig. 
Corrected Model 54.366(a) 5 10.873 183.307 .000 
Intercept 

89977.40 I I J 89977.40 1 
1516899.14 

.000 , I 3 
Processing 38.880 II 38.880 

1
655.465 .000 

Variety 6.543 12 3.272 55.155 
1.

000 
Processing • Variety 8.943 ' 2 14.471 75.380 .000 
Error .356 

1

6 .059 I , 

Tolal 90032.123 112 i Corrected Total 54 .722 11 
a. R Squared = .993 (Adjusted R Squared = .988) 
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2.7. Energy 

Tests of Between-Subjects Effects 
Ddt V . bl E epen en ana e: lIel 'gy 

Type III Sum of 
Source Squares Df Mean Square F Sig. 
Conected Model 318.448(a) 5 63.690 48.692 .000 
Intercept 1656956.969 1 1656956.969 1266778.603 .000 
Processing 156.313 I 1 156.313 119.505 .000 
Variety 34.624 2 17.312 

1
13

.
235 .006 

Processing • Variety 127.511 2 63 .756 48.743 .000 , 
Enor 7.848 6 1.308 I 

112 
, 

Total 1657283.266 I I I Conected Total 326.296 1 11 I 

a. R Squared - .976 (Adjusted R Squared - .956) 

Appendix-III: Mineral composition of three sweet potato variety 

3.1. Calcium 
Tests of Between-Subjects Effects 

D d tV . bl C I ' epen en 111:la e: a clUm 
Type III Sum I ! Mean 

iF I S' Source I'!o of Squares : Df Square : Ig. 
Corrected Model 4197.335(a) Ii 839.467 ! 799492.451 1,000 
Intercept 4740.983 4740.983 14515221.460 .000 
Processig 10.305 I 1 10.305 9813.841 i .000 
Variety 4186.817 12 2093.409 11993722.437 1·000 
Processing" Variety .214 

I ~ 1. 107 i 101.770 1.000 
ElTOr .006 1·00\ I 

. Total 8938.324 I 12 

I I 
I 

Corrected Total 4197.342 III I , 
a. R Squared = 1.000 (Adjusted R Squared = 1.000) 
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3.2. Phosphorus 
Tests of Between-Subjects Effects 

D d V' bl Ph h epen ent aria e: osplorus 
Type III Sum of Mean 

Source Squares Df Square F Sig. 
Corrected Model 89.594(a) 5 17.919 5231.763 .000 
Intercept 5124.093 1 5124.093 1496085.667 .000 
Processing 19.584 I 19.584 5717.978 .000 
Variety 67.813 2 33 .906 9899.696 .000 
Processing * Variety 2.1 97 2 1.098 320.723 .000 
Error .021 6 1.003 
Total 52 13.708 12 
Corrected Total 89.614 ! 11 I 

a. R Squared - 1.000 (Adjusted R Squared - 1.000) 

3.3. Iron 
Tests of Between-Subjects Effects 

Ddt V . bl I epen en ana e: ron . 
Type III Sum of Mean 

Source ."4 Squares Df Square F Sig. 
Corrected Model 57.056(a) 5 11.411 32603.467 . . 000 
Intercept 1631.001 ! 1 11631.001 4660002.381 I 

1 .000 
Processing 35.226 : 1 135 .226 100646.095 ! .000 
Variety 21.248 ! 2 ' 10.624 30354.667 i .000 
Processing • Variety .582 2 ; .291 830.952 ' ODD 
Error .002 6 1.000 I 
Total 1688.059 12 , , I 
Corrected Total 57.058 I 11 I I i , 
a. R Squ,ued ~. 1.000 (Adjusted R Squared = 1.000) 
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3.4. Zinc 
Tests of Between-Subjects Effects 

D d V' bl Z' epen ent aria e: mc 
Type III Sum of Mean 

Source Squares Df Square F Sig. 
Corrected Model 2. I 98(a) 5 .440 2197.767 .000 
Intercept 15 .368 I 15.368 76840.167 .000 
Processing 1.347 I 1.347 6733.500 .000 
Variety .449 2 .224 1121.792 .000 
Processing • Variety .402 2 .201 1005.875 .000 
Error .001 6 .000 
Total 17.567 12 
Corrected Total 2.199 I I 

a. R Sq uared - .999 (Adjusted R Squared = .999) 

Appendix-IV: Phytate and phytate mineral molar ratio of three sweet potato varieties 

4.1. Phytate content of three sweet potato varieties 

Tests of Between-Subjects Effects 
Ddt V . bl h t epen en aria e: pnYlate 

Type I~~_ I i i 
I 

Sum I Mean I 

Source j) Squares I Df Square ' F i Sig. 
Corrected Model 4470.362(a) 15 894.072 254842.488 1.000 
Intercept 85151.477 , I 85151.477 , 24271204.810 . . 000 
Processing 2974.545 I I 12974.545 i 847851.423 ' .000 
Variety 1137.870 ' 2 568 .935 i 162166.682 , .000 
proc(!ssi ng • variety 357.947 12 178 .974 151013.827 i .000 
Error .021 

I ~2 
. . 004 ! ! 

Total 8962 1.860 I I 
I 

Corrected Total 4470.383 
, I 

I I I i t 1 

,. 

_. 
a. R Squared = 1.000 (Adjusted R Squared = 1.000) 
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4.2. Phytate: Calcium molar ratio of three sweet potato varieties 
Tests of Between-Subjects Effects 

D d V· bl Ph C I . I . epen ent aria e: ~ytate: a CIUIll mo ar ratIo 
Type 1Il I 
SUIll of I Mean 

Source Squares df Square F Sig. 
Corrected Model 1.323(a) 5 .265 15484.781 .000 
Intercept 3.518 I 3.518 205907.361 1·000 
Variety 1.281 2 .640 37478.990 .000 
Processing .017 1 .0 17 1018.776 .000 
Variety • Processing .025 2 .012 723.576 .000 
Error .000 6 1.71E-005 
Total 4.840 12 
Corrected Total 1.323 11 
a. R Squared = 1.000 (Adjusted R Squared = 1.000) 

4.3. Phytate: Iron molar r atio of three sweet potato v:u·ieties 
Tests of Between-Subjects Effects 

Ddt V . b1 PI I I . epen en ~'rla e: lytate: ron 010 al· ratIO 
~-

Type Ill ! ! 
Sum of I Mean 

Source ~" Squares Df i Square F Sig. 
Corrected Model .20 1(a) 5 1.040 1 172.029 ! .000 • I Intercept 4.687 I 1 ! 4.687 120089.n6 . . 000 
Variety .176 , 2 i .088 1376.821 : .000 , I 
Processing .007 I I .007 128.000 1.002 
Variety • Processing .018 h .009 139.250 .. 000 
Error .001 

I ~2 .000 
I 
, 

Total 4.890 I I 

Corrected Total .202 III i I 
I , 

a. R Squared " .993 (Adjusted R Squared = .987) 
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4.4. Phytate: Zinc molar ratio of three sweet potato varicties 
Tests of Bctween-Subjccts Effccts 

Dependent V . I PI Z' I . anab e: Iytate: mc mo ar ratIO 
Type III 
Sum of Mean 

Source Squares Of Square F I Sig. 
Corrected Model 62.788(a) 5 12.558 138.834 .000 
Intercept 778.919 I I 778.919 I .000 

1
861 1.592 

Variety 53.848 2 26.924 297.665 .000 
Process 7.776 I 7.776 85 .973 .000 
Variety • Process 1.164 2 .582 6.433 

1.
032 

Error .543 6 .090 
Total 842.249 1 12 

I 
I 

Corrected Total 63.330 I II I 
a. R Squared - .991 (Adjusted R Squared - .984) 

4.5. [Phytate x Calcium): Zinc molar ratio 'oftlll'ce sweet potato varieties 
Tests of Between-Subjects Effects 

Dependent Variable: [Phytate x Calcium) : Zinc molar ratio 
Type III Sum of I Mean ! 

I Sig. Source / .. Squares Of I Square IF 
Corrected Model , .016(a) 5 .003 i 127.126 ! .000 
Intercept .018 I .018 1718.355 j .OOO 
Variety .016 2 .008 , 315.698 1.000 
Process . , 1.87E-005 I I 1.87E-005 1.74S i .420 
Variety • Process 8.75E-005 12 4.37E-005 i 1.744 1.253 
Error .000 

1 f2 
2.51 E-005 I 

I I 

Total .034 I I 
I 

Corrected Total .016 I II I i 
a. R Squared - .991 (AdJusted R Squared = .983) 

ix 



Declaration 

I certify that this thesis is my ori gina l work and has not been acce pted for a degree in any other 

University and a ll sources of materia ls used fo r the thesis have been dul y ack nowledged. 

Name: Endri as Dako 

Signature: ---<~o.' <--"--___ _________ _ 

Place: Add is Ababa Uni vers ity 

Date of submission: O<-l-1j(JAJ!-;z.o IL 

The thesis has been submitted with my approval a9 supervi sors 

Name: Nugussie Retta (Professor) 

Signature ____ ___ _____ _ 

Date, _ _ ______ ____ _ 

Gulelat Desse (PhD, Associate professor) 

~:,~:~ Signature. __ ~'r-----"--Jr---=>.:s==-c=-

Date _____ _____ _ 

x 


