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Abstract 

'lhe 1'(/ 11 ' al1l1traditiol1a//y processed Anchote (Coccinia abyssinica (Lam.) Cogn.) tubers were 

st"died and cOl1lparedfor their nutritional compositiol1: moisture, crude protein, t0101 ash, crude 

fib er, crude fat , utilized carbohydrate and gross energy; mineraLs: Ca, Fe, Mg, I n, and P lind 

antinutritional/actors: phylate, oxalate, tannin and cyanide LOgether with respective molar 

ratios (f Ca:phytale, oxalate.Ca, phytate:ln, Phytale.Pe and [CaJx[phytateJ:ln Sensory 

preference taste o/Anchote boiled aper peeling and boiled be/ore peeling was aLso reported 'Ihe 

1'(/11' , hoiled ufier peeling and boiled he/ore peelil1g Anchote tubers had respective (;Ontents 

(,~ I ()()X) oflllOi.I/l lI'e 7-1.93, 8 1. 7-1, and 76.73; /01' crude protein col1lel1ls were 3.25,2. 67 /lnd 

3. 1-1:/01' lolal ash contents were 2.19,1.33. and 1.99,/01' crudeflber COl1lel1lS were 2.58, 3. 71, 

und 2.77; /01' crude firt cOl1tents were 0..19, 0..13, and a 1 -I: jar utilized carbohydrate contel1lS 

were 16.86, 10..-12 and 15.23: jar gross energy contents were 82.12, 53.-18 and 75.26 the raw, 

hoiled after peeling and boiLed be/ore peeling Anchote tubers had respective conlents (mg/ laag) 

olC'a 11950., 11 5.70, and Jl 8. 2a: /01' Fe contents were 5.-19, 7. 60., and 6.60., /01' ill/g c,mtenls 

lI 'et'e 79.73. 7]. 50. and 76.47:./01' In contents were 2. 23.2.0.3, and 2.20: and jar P contents were 

3-1.61, 28.12, 25. -15. 7'l1e raw, boiled ajier peeling and boiled bejore peeling Anchote IUbers had 

respective contents (l71g/ laag) of phylate 389.30., 333.63 al1d 33-1. 7-1 : ./iu· oxalate (;Onlen!.I· II ",'e 
8.13, -1. 2 3. and -1.66: ./01' tannin contents were 173.55, 10.2.36 and 121. 21: /01' cyanide contents 

lI 'ere 12,(-,7, 8. 16 and 11. 1-1. The raw, boiled after peeling and boiled before p eeling Anchote 

I"hen hm'c respectil 'c molar ralios ofCa: Phy 5.0.5, 5.66 and 5. 78. the respective Ox: Ca molar 

ratios lI'ere 0. 03, 0. 02 and 0..0.2, the re;pective Ph)'.' I n molar ratios were 17. 35, 1-1.82 and 1-1.8. 

the respective Phy: Fe molar ralios were 5.58, 3.92, and -1.28, the respeclive [cal /Phyj/ //.11) 

millimolar ratios were 0..52, 0..4 7 and 0..44. This study aLso reveaLed Ihat, there was signi/iCCInt 

(p<a.a5) taste prejerence of Anchote boiled be/ore peeling to Al1chote lubers boiled afier 

peelin)!" in lI'hich 66% of consumers gave priority 0/ the preference lelsle jar Anchote boiled 

bc:j()l'e peel;n~. 

Key lIIords: IJnd1Ote . boiled after peeling, boiled be/ore peeling, effect o/processing, lIIinerals, 

,\ 'lIIritionol composition, anti-nutritional/aclOrs, 1110101' ratio, sensOlY preference 
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1.1. Background 

Chapter 1 

Introduction 

Plants are th e most important so urce of food for human be ings ma in ly d ue to the ir avai lability 

and low cost compared to consumpt ion of anima l-source foods , which are often unava ilable 

because or economic and/o r re li g ious concerns (Rosa li nd el al., 2006). The importance of plants 

to man, d irect ly or indi rectl y, is demonstrated by the useful by-products from both wild and 

cult ivated spec ies, whi ch is related to their numerous uses as sources o f food fo r man and 

livestock, as so urces of energy, med icinal produ cts, structura l materi a ls, and many other 

prod ucts. Plants can be c lassified into d ifferent types accord ing to the way they are grown, and 

the way their produce is used (NRC, 1989). Among plant so urces, root and tuber crops occupy a 

remarkable pos it ion in the food securi ty of the developing world due to their high ca lori fic va lu e. 

and carbohydrate content (Scott el al.. 2000). These crops a rc assoc iated with th e hUIll III 

ex istence. survival , and soc io-economic history. 

The term root and tu be r refers to any growing p lant that stores edib le material in subterranean 

root, corm or tuber. Such crops constitute an important source of incoille in rural and marg inal 

arcas: ha ve multiple uses as regu lar food crops, and cash crops. A lso. have long served as the 

princ ipal source of faod , and nutrition far man y of the wo rl d ' s resource poor, and 

undernouri shed househo lds and are generall y va lued for the ir stab le y ields under conditions in 

which other c rops may fail (Scott el al., 2000) . 

Therefore. in deve lop ing countries, many fanners a re high ly dependent on root and tuber crops, 

as su ppl ementa ry, if not principal , so urces of food , nutri t ion , and cash income (Scott ef al., 

2000). Sub-Saharan 1\ frica n countries produce about 20% of the world ' s total product ion of root, 

and tuber crops. for consumption of about 10% of the world ' s total human popu lation (Quin, 

200 I). These root and tu ber crops a re usuall y easy to cultivate, and give hi gh yie lds per hector. 

Howevcr. they are bu lky and expensive to transport, they can rot during sto rage, because of th eir 

high moisture and they a re also low in prote in, dry matter and supp lemented with food s rich in 

protein. lillS. vitam ins andl11 inera ls (FAO. 1979) . 



Root an d tuber crops are wi de ly cult ivated in Eth io pia and whi ch are supporting a cons ide rable 

ponion of the cou ntry's po pulat ion as so urce o f food. A mong prominent roots and tuber crops 

produced in the cou ntry are POlato (SoLanum tuberosum L.), Sweet Potato (ipomoea balalas) 

(L.J , Enset (Ense/e ven/rieosum (We lw.) Chees man), Anchote (Coccinia abyssiniea (Lam.) 

Cogn), Taro (Colaeasia eseuianla L.), Yam (Dioscorea spp.), Ethiop ian Din ich (Coleus 

parvijlorus), Koteha rr ie (Diaspora buLbifero us), Carrot (Daueus carota) and Ginger (Zingiber 

officinuLe). Amo ng these, Enset, Anchote and some Yams are endemic to Ethi opia (Addis, 2005 ; 

Edwards. 1991). T hese end emic reso urces co ntr ibute co nsiderab ly to the food, an d th e overa ll 

eco nom y of the co unt ry (FAO, 1993) . 

Ti lahu n ( 1989) defines Anchote as a c limbing plant with glab rous leaves an d twi n ing stems, 

which coil readi ly a round a stake and perennia l through root system but a re grown as ann ual 

crops and cu ltivated in home gardens . Anchote is most ly grown in the western parts of the 

Eth iopian hi ghla nds. T ho ugh subject to altitu de and c limate, Anchote can grow, fl ower and 

produce li'uit s within 4-5 months after germination. Anchote forms a loca l d ish an d is highly 

recommended for individ ua ls sufferi ng fro m bone frac tu res and d isplaced joi nts , as it co ntai ns 

h igh amo Li nt of calci um and prote in (Abera, 1995) . 

Despite th e pros and cons 0: roots and tubers, Wali ngo (2009) recom mended, the importance of 

proper process ing be fo re consumption in order to red uce the effect of anti nutr it iona l facto rs and 

ther-by improve nutr ient ava ilabili ty. In the casc of Anchote, however, no p ubl ished info rm at io n 

is avail a bl e as to which trad itio nal process in g meth ods are optima l to redu ce the e ffccts of the 

inhere nt alllinutritional facto rs and to increase avail abil ity of the conta ined nutri ents. Therefore, 

it is imperative to in vest igate whi ch tradi ti onal methods are opt imal to improve the qua lity of 

Anchote for human consum ption and decrease of its risk of human hea lth . 

1.2. Statement of the Problem 

The worscning food cri s is and the conseq uent wide spread preva lcnce o f mal nu trition in 

deve loping cou nt ri es have res ul ted in high mortali ty and morb id ity rates, espec ia ll y among 

infants and ch il d re n in low income group s (Enuju igba and Akanb i, 2005). To acquire the ability 

to redu ce the adverse effect of hun ger and! or starvation , it is pertinent that so me of th e lesser­

known and unde r-uti li zed trad it iona lly used food crops should be investigated for the ir nutriti ve 

va lue, and easy cu ltivab le characte ri st ics. T ubers are w ide ly used as cheap sources of 
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carbohydratcs Ii)r man and li vestock and they have been adj udged to be of good nutritional va lue 

(N iclsen, 1995). 

Ilowever, nearl y a ll root and tuber crops are rare ly fit for direct consumpt ion, and req uire some 

prior process ing. Anchote, like many other root, and tuber crops, is rare ly eaten raw. 

Traditionall y, bo il ed after pee ling or boil ed before peel ing and/or furth er cooki ng are app li ed 

before consumption. Such processing can have both detrimental and beneficial effect to the 

nutri ent cO lltent of food. Presumed purpose of such process ing is to make Anchote more 

palatable, digestible, to inact ivate enzyme inhibitors, and other ant inutritional factors to qua li fy it 

for human consumption. Even though, boiling may result into improvements of some nutritl ol1a l 

va lues of Anchote, nutrients may be lost during such heat treatment in two ways. Fi rst, by 

degradat ion of nutrients can take place because of destruction by the app lied heat or by other 

chemi cal changes such as ox idation. Second ly, nutrient can be leached into the cooking med ium 

(Purce ll and Walter. 1982). 

I{oot and tuber crops not onl y have benefic ial nutrients but also contain traces of antinutrit ional 

factors. which may have adverse effects on hea lth through inh ibition of digestion, abso rpti on. 

and growth. For example, tannins inhibi t the digestibility of protein, while oxa li c acid and its 

sa lts have becn implicated in decreasing ca lcium absorption. and aiding the formation of kidney . 

stones (Noonan and Savage, 1999). In addition, high oxa late d iets can increase the risk of renal 

calc ium oxa latc fo rmat ion in ce rta in groups of people. Phytic acid fo rms complexes with 

prote ins (prote in -phytate complex) and chelates essenti al dietary mineral s such as iron, zinc. 

ca lcium , and magnes ium, thus decreas ing their util ization (Kratzer, 1965). Generall y, 

anti nutrit ional fac tors are potentially harmful. and give rise to concern for human health ;,1 th at 

they prevent digest ion, and absorption of vitamins, minera ls, and other nutrients. 
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1.3. Ohjectives 

1.3.1. Gencral ohjective 

The ma in objecti ve of th is resea rch was to determ ine the effect of tradit ional process ing methods 

on somc nutritiona l composit ion , and anti-nutrit iona l factors o f Anchote (Cocc inia abyssinica 

(Lam .) Cogn.) gro wn in Western Ethiopia. 

1.3.2. Spccific object ives 

The spec ilic o bj ectives of thi s study were: 

./ To determi ne the effect of traditio nal process ing (boi led after pee li ng, and boiled before 

peeling) on prox imate composition (moisture content, total ash, crude protein. crude fiber, 

crud c flll , util izab le carbohyd rate, and gross energy), and some mineral s (Ca. Fe, Mg, / n 

and 1' ) of Anchote tubers . 

../ To detcrmine the e ffect of trad itional processing on some ant i nutriti ona l fac tors (p hytate. 

o.xa latc. tannin and cyan ide) of Anchote tubers . 

./ To identify consumers prefe rence fo r taste of Anchote bo il ed a fter peeling and Anchote 

boiled before pee ling w itho ut addi ti on of ingredien ts. 

I A. Significance of the s tudy 

'1 he lindi ngs of thi s study a re expected to fi ll the research gap concerning Anchote. and wo uld 

bene fit th e rcsearchers, producers and consumers of Anchote. 

-:- As far as nutritional contents of Anc hote are known, the soc iety used as stap le food. and thcn 

it invo lves in reduction of poverty, and ensuring rood security in the countr}. 

-:- The result of the stud y will he lp the society to identi fy the approp ri ate process ing method , 

whi ch increase thc absorbability of nutr ients, and decrease anti nutritio nal ractors of Anchote. 

-:- It can a lso be used as a base line data fo r further resea rch in the same area, like to enri ch the 

important nutrient lost du ring process ing, to deve lop new products etc . 

-:- It prov ides necessary information about anti nutrit ional facto rs (oxalate, ta nni n and phylate) 

that wo uld cause health prob lems through absorpt ion, and di gestio n. 

-:- Researchers . teachers. and other concern ed bod ies may use the outcome of thi s research as 

l'c lc rcnce materia ls. 
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2.1. Overview of Anchote 

Chapter 2 

Literature review 

Anchote is the Afan Oromo name for Coccinia abyssinica, wh ich is a tuber crop, belongs to the 

order CllcuriJilules. f~lInil y ClIcllrbilaCeae (A sfaw el al. . 1992), indigenous to Ethiopia (Add is. 

200S; I: dwards. 199 I). There are about 10 species of Coccinia in Ethi opi a; however, onl y 

Cuccinia ubyssinica is cult ivated for hum an consumpti on (Endashaw, 2007). Anchote is a 

tuberous perennial (F igure 2. 1 b), w ith shoots having s imp le tendrils (Figure 2. I a), and grown 

principally ror its tuberous and as annual crops. The most w ide ly used vernacu lar nam e of 

Caccinia abyssinica is Anc hote (spelt Ancoote) in Oromo. It is also callcd: Us hushu in 

We layi ta. Shushe in J)awuro, and Ajjo in Kafi gna (Demel el al. , 2010). Anchotc is found both 

ClIll i,·atcd and "ild (Edwards. 1991). The plan t d ies after the fru it ha ve matu red. T he 

unde rground tubers produce new shoots at the onset of the wet season. The total yield or 

Anchote is ISO-I SO qu intals/hectare, which is in the range of the total yie ld or sweet potato. and 

potato (IAR, 1986). 

Anc hote is a va luable food sou rce and acco rding to local farme rs, it he lps in fast mend in g of 

broken! rraclUrc bones and di splaced joints, as it contains hi gh ca lc ium, and proteins than other 

co mmon and wide spread root and tuber crops (Endashaw, 2007). T raditionall y, it is a lso 

believed that, Anchote makes lactating mothers hea lthier and stronger (Abe ra. 1995). Dawit and 

Estifanos (1991) repo rted that the j ui ce prepared from tubers of Anchote has saponin as an 

acti ve substance and is used to treat Gono rrh oea, Tubercul os is, and Tumor Cancer. Anchote can 

bL' safc ly stored under ground. whi ch thus gives added food security to the pop ul ati on in times 

llr main emp I ~\ ilure s. Therefore. the word Anchote. as used by the Oromo, describes the entire 

plant on one hand. and the tuber on the other. The tubers are the part of most economic concern 

(Al1lbecha,2006). 

One or the des irable qualiti es of Anchote as a tuber crop is its good keeping quality. Anc hote 

tubers usuall y reach a harvestab le stage with in four to five months from planning depend ing on 

the environmcnt. the p lant dies a fter th e tubers have matu red. The pa rts that are ha rvested are 

lhe fruit s tor seed propagati on and leaves, and tubers to be used as a vegetable afle r bein g 

boiled/ cooked. From the single p lant one can harvest a tuber onl y once. The storage 01' !\ncillHc 
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is relevant only for tubers, and seeds. The usual storage method is to keep the tubers 

Underground Pit storage, and to dig them out only when the need arises (Abera. 1995). Anchote 

tubers kept in open conditions loss their moisture content, and may shrink lose weight, and 

become more fibrous making Anchote cooking time-consuming. The pit is dug to a ~ize, which 

can accommodate the amount to be stored. The storage structures of Anchote seed include 

Baskets, Sacks, and Wooden Boxes (Ambecha. 2006). 

Figure: 2.1 8 . Anrbote (Coccin;lIl1hyss;n;clI) Plant b. Ancbote (Coccin;lIl1hyss;n!clI) tubers 

(Photographs by the Author) 
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2.2. Taxonomy and name of Anchote species 

Thc sc ientifi c class ification of Anchote (Coccinia abyssinicc{ (Lam) Cogn) has the following 

pattcrn (Cando ll c. 2007). 

Domain: Ellk({{)lola 

Kingdom: Planlae 

Subkingdom: Viridaeplanlae 

Phylum: li-acheophYI{I 

Subphylum: j~'uphyllophylina 

Class: Magnoliopsida 

Subclass: Dilleniidae 

Supcrordcr: Violanae 

Order: Cucurbilales 

Family: Cucurbilaceae 

SubCam il y: Cllcurbiloideae 

"I"nhe: BUl7incoscae 

Gen us: Coccinia 

Specifi c epithet: abyssinica - Cogn. 

130tanical name: Coccinia abyssinica (Lam,) Cogn , 
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2.3. Origin and distribution of Anchote 

Ane hote is endemic to the Western parts of Ethiopia (Amare, 1973). Though it is a major crop 

01' the arca. but thi s crop is less Imown to other parts of the world, and their scicnce is almost 

non-cxistent (Abera, 1995). Amare (1973) pointed out that there was also an introduction of 

i\ nchote to the central, and the eastern provinces. The cu ltivation of Anchote is mainly in the 

Western region of Ethiopia highlands in Eestern Wo llega, Western Wo llega, Kelam Wo llega, 

and Mattu (Westphal, 1974). The Western parts of the EthiopialOromia highland is situated at 

1500-2400 meters above sea level, and receives an annual rain fa ll abo ut 1500mm to over 

2000m1ll pCI' year (Westphal. 1974). Anchote grows at alti tudes ranging from 1,3 00 to 2.800 

meters abo vc sca level where the annual rain fall is 762- 1016mm. It is also found growing in 

cooler anc! higher al ti tudes of 2820 meters abo ve sea level (Amare, 1973). 

2.4. Propagation of Anchote 

Anchote can be propagated by both vegetative ly, and by seeds methods. The vegetative 

propagation is achieved by planting e ither the whole tuber or by slicing it in to two or more 

pieces, each pieee having root lets, and an external covering. This is usually done to establi sh 

mother plants, called Guboo, to serve as a seed source for further plantings. Vegetati ve 

propagat ion is usually practiced on Anchote tubers purchased from the market for consumpti on. 

Few tubers are planted, and produce new shoots usually more than one. These newly emerging 

shoots depend on the reserve food within the tuber making the tuber less suitable for 

consumpt ion. espec ia ll y during the earl y growth. But after the stems arc well grown, the shoots 

start manuf~lcturillg their own food, and the tubers again become suitable fo r consumption. 

Stelll cutting also arc effective for propagating Anchote (Ambecha, 20(6). 

Seed propagation involves taking out of seeds from full y mature red-ripe fi'uits which are 

harvested before they start rott ing. Such fruits are macerated or sli ced to separate the seeds fro m 

the fleshy juicy part. The seeds are then mixed with an equal quantity of wood ash, and dried in 

sun. The llloistu re content of the seeds, for storage is based on subjective assessme nt by the 

WOlllan of the household. When it has dropped to the desi red level, the Woman takes the seeds 

indoors, and stores them until the next growing season comes. During thi s storage period the 

sceds are usuall y kept in either clay or wooden pots or wrapped in a sheet of cloth (Ambecha, 

2(06). 

8 



2.5. Agronomic "cquirements of Anchote 

Anchote responds strong ly to so il fertil ity. partic ularl y to Wood Ash, and produces large sized 

tuber of good shape ve ry rapidl y when grown in fert ile soi ls. Growers know thi s from thei r long 

expe rience , and hence prefer to grow Ane hote close to the home garden where a cattl e pen can 

be put up, and rotatcd. Th is makes Cow dung ava ilable as organic manure . Other areas within thc 

reach of the lami Iy can also be made suitable fo r Anehote through the use of other waster as 

organi c manure in addition to that from Cow dung (A mare, 1973). 

2.6. Social importancc of Anchote 

In Wcstern parts o r Ethiop ia, Anchote is used for special occasions. The boi led after pee ling. or 

boilecl belare peeling. and/or further cooked tuber with butter, ancl other ingredients arc served 

lill" the Meskel I ioliday in September. which commemorates the finding of the True Cross. It is 

also a current experi ence that 'Lanqaxaa' , a fine ly prepared Anchote di sh, is commonly served 

du ring ceremonies marking, weddings, circumcision, birthdays, and religious celebrations such 

as New Year, and Thanks giving clay fo r the harvest as well as on other occasions (Aillbecha. 

2(06) 

'1 he rol e played by Oromo Women in Anchote Culture is many fo lds. They work as: hreedns by 

se lecting the desirab le quality of Anchote, and growing site ; growers as they plan. plant. .md 

,.,eed the plants; harvesters as they determine the maturity stage that gives Anchote of the type 

they. and how to harvest properly: processors as they prepare, process. and taste for its clual ity 

both phvs ica ll y. and behaviora l, and fi nall y as 'marketers and di strib utors'. The ex isting 

experience is the Ommo Women can decide, or convince their Husbands in Famil y Forums. to 

reac h dec isions on the many affit irs concern ing Anchote. This includes site se lection to decide lin 

where to gro w. what size of land area to use for Anehote, buying, and selling of Anehote. and its 

products, and for what purpose to use the money in return. What is encouragi ng, and shou ld bc 

app rec iated is that. besides their ri ght to dec ide on the many affairs of Anchote, Oromo Women 

have expe rience in exercis ing thi s ri ght. They have stood on thei r own feet , dec ided frecly. and 

fairly what they think shou ld be clone in cu ltivating, and using Anchotc. It is this advan ta!,!c that 

exceeds the monetary benefits. and as we ll as social importance (Ambecha, 2006). 
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2. 7. T raditional processing methods of Anchotc 

The trad itional food product refers to a product frequently consumed or assoc iated to spec ific 

celcbrations, wedding, birthday, and/or seasons, normally transmitted from one generation to 

another, made with care in a spec ific way according to the gastronomic heritage, with little or no 

proccssing/manipu lation, that is di stingui shed , and known because of its sensory properties, and 

assoc iatcd to a certain local area, region or country (Morris el al., 2004). Food process ing is any, 

and all processes to which food is subjected after harvesting for the purposes of improv ing its 

appearance, tcxture, palatability, nutritive value, keep ing properties. ease of preparation. and fo r 

eliminating microorganisms, toxi ns, and other undesirable consti tuents (Vanhonacker el al., 

2008) 

The 11Icthod of processI ng of root and tuber crops range from simple boiling to elaborate 

lCrmcntation, roasting, frying, drying, and grinding to make flou r, depending on the varieties. 

and type of product to be produced. The basic purpose of these methods is to make it more 

palatable, digcstible, and make them safe for human consumption. Th is process ing also extends 

the storage shclf life of perishable product in their fresh condit ion. Like many other root, and 

tuber crops. Anchote is rarel y eaten raw (Fufa and Urga, 1997). Trad itionally, boiled after 

peeling Or hoil ed before peeling and/ or further cooking are appl ied prior to consumption. 

2.7.1. Boiled before peeling 

The washed tubcr was boiled in traditional Pot local ly known as 'Tuwe ' for abo ut threc to tQur 

hours. the excess water then drained off (F igure: 2.3), and peeled with knife to removc the outer 

skin o f Anchotc, and sliced into pieces. The boiled Anchote before peel ing are consumed 

traditiona ll y e ither alone or com bined with ingredients such as Kochkocha (Datta) (Figure: 2.2), 

which is a lcrlllcnted side-d ish prepared from ground green pepper with green leafy varieties of 

sp ices li ke Coriander (Coriandrul11 salivul11) , Sweet Basil (Ocil11um basilium) . Ginger (Zingiher 

officinale), Garlic, Butter, and Salt. Also Anchote is prepared on festive occasions which usuall y 

served as stew Anchote locall y call ed Ittoo Anchote, which needs furt her cooking the sli ced 

boil ed Anchote with sufficient Butter, and other ingredients like shallot , fenugreek , turmcric, 

and salt (Fufa and Urga. 1997) Norma ll y. the stew Anehotc is served wi th Inj era. Special 

Aneho lc. Shorba Anchotc. and Anchote wi th Meat. and/or Yoghurt are se rved with many types 

of ingred ients like garlic , meat, yoghurt, and ginger, which may req uire ftll1her cooki ng prucess. 
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and Anchote with Meat, and/or Yoghurt are served with many types of ingredients like Garlic, 

Meat, Yoghurt, and Ginger, which may require further cooking process. 

Anchote tuber 

1 
Washing 

1 
Boiling (3 to 4 hrs) 

1 
PT 

Anchote served with and without ingredients 

Figure: 2.2. Flow diagram for traditional processing methods of boiled before peeling Anchote tuber. 

Figure: 2.3. Boiled before peeling Anchote tubers 
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2.7.2. Boiled after peeling 

The washed tuber was peeled with knife, and boiled in traditional pot locally known as ' Tuwe' 

for about three to four hours, and the excess water then drained off (Figure: 2.5). The boiled 

Anchote after peeling are consumed traditionally either alone or combined with ingredients and 

other food groups mentioned under boiled Anchote before peeling (Figure: 2.4). 

Anchote tuber 

1 
Washing 

1 
Peeling 

1 
Boiling (3 to 4 hrs) 

1 
Anchote served with and without ingredients 

Figure: 2.4. Flow diagram for traditional processing methods of boiled after peeling Anchote tuber. 

Figure: 2.5. Boiled after peeling Anchote tubers 
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2.8. Nutritional value and their II SC 

Nutrition is defi ned as the science of food , and its re lat ionship to hea lth . It is a nouri shing 

organic process by which an organi sm ass imi lates food , and uses it for growth , and 

maintenance. Good nutrition can help prevent di sease, and promote hea lth (Medica l 

Encyclopaedia, 2007). Nutritional va lue is the main concern when a plant is considered as food 

source. They const itute an important source of Protein, Carbohyd rates, Dietary Fiber, Vitamins, 

and Minerals. The aim of nutriti on sc ience is to give definitions to Metabolic and Ph ys iological 

fecdbacks from the body regardi ng suffi cient diet. Additionall y, nutritional science is 

de velop ing into the stud y of metabo li sm. which seeks to separate diet. and health through thc 

Pri sm of Biochemi cal process (Katina e/ 01. , 2005) . 

Foods are comp lex substances that contain many chemical compounds (nutrients), which are 

required to nouri sh the body. The main compositions of foods are carbohydrates, proteins, I.vater, 

fats, vitamins, and minerals. These nutrient classes can be catego rized as either macronutri ents 

(needed in relati vely large amounts) or micronutr ients (needed in small er quan tities). 

Mae ro l1ut ri el1ts arc the major sources of energy, and building material , l'or hUlllans induJc 

carbohydrates. ! ~lt s. pruLcin , and ,<vate r. whil e ~ micJ'ollutl'i ents can be found in vitamins and 

Illinerals. They are on ly req uired in relat ively small amounts to ensure proper functionin g of all 

body ce lls. In addition, micronutrients, li ke water, do not provide energy (D'Meli o and Durfus, 

1991 ). 

I:nod. there fore. is chemi stry. and the mixture of chemicals that are represented , and di vided into 

l'our basic catego ri es: nutrients, non-nutriti ve (antinutritional factors and natu ral toxins). man­

made contam inants, and add iti ves . N utri ent accounts fa r more than 99.9% of the food contents. 

Some of these nutrients are considered to be essential whi le, others are considered to be non­

essentia l. Essential nutri ents are nutrients that cannot be synthesized by the human iJody. 

Thcrefo re. they must be deri ved from food sources include vitamins, mineral s, amino ac ids. fatty 

ac ids and some ca rboh yd rates as a source or energy. Non-essential nutrients are nutrients which 

lil e bod) has the abi lity to synthes is from other compounds. as we ll as, rrom food sources. The 

Illajo ri t) or macronutri ents are essential nutrients to r lile processes, produced by hum an body 

itse l r. Therefore. these essential nutri ents can be rece ived only from the food ingested. Most 
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importantly, macronutrients are constituent and indispensable ingredients of our diets. found in: 

carbohydrates, fat , protein, and water (Wilson, 2005). 

Food is significant facto r to the maintenance, development, fu nct ioning and reproduct ion of life. 

During life time an individ ual consumes 30 tons of food on average in seemingly endless dietary 

var iet ies. Accordi ng to De Vries (1<)97), however, digestion sp lits all the food s found in all this 

vari ety of di ets into the same basic nutrients. For the purpose of giving br ief introduct ion on 

nutritional va lue, the review of this section focu sed onl y on some prox imate composition (water, 

protein, lipids, and ca rbohydrate) and some mineral s (Ca, Fe, Mg, Zn, and Pl. 

2.S.1. Proximate Com position 

2.8.1. I. Water 

Water is thc chemical substance with chemical formula H20: one mo lecule of ,·vater has two 

hydrogen atoms covalent ly bonded to a s ingle oxygen Atom (Vaclavik el a/., 2007). Water is 

part of every liv ing ce ll, and abundant in all li ving things, in almost all foods , unless steps ha ve 

been taken to remove it. Two-thirds of our body weight cons ists of water. Water is essential fo r 

lire and mak~s up thc major part of li ving tissue, even though it contr ibutes no calorics to the diet 

(Van den l3erg and Leniger, 1978). It is the med ium fo r all metabo lic changes (digestion , 

absorption and excretion) and transports the nutrients throughout the body, acts as a lubricant , 

and helps maintain ou r body temperatu re. Water is also important as a solvent or di spers ing 

med iu m, di ssolving smal l molecules to form True so lutio ns, and dispers ing larger mo lecules to 

form colloida l so lutio ns. Ac ids and bases ionize in water; wate r a lso is necessary for mallY 

enzyme-catalyzed and chem ica l react ions to occur, includi ng hyd rol ys is of compounds such as 

sugars. It is also important as a heat ing, and cooling medium and as a cleansi ng agent. Water is 

responsible for a countless number of bod il y functions that are required for muscle growth, and 

recovery. Wate r also greatly affects the texture of foods , and tenderness of meat. For some food 

products, such as potato ch ips, sa lt, or sugar, lack of water is an important aspect of the ir quality. 

and keeping wate r out of such foods is im portant to maintain quality (Fennema, 1973). 

Allllo, t all lood processing techniques in volve the use oflVater or modification oflVater in sOllle 

I" rm: rreezing. drying. emulsification, thickening and ge ls are a fe w exam ples (Leistner. 1987). 

Further, because Bacteria cannot grow without water, the water content has a sign i ficant effect 

on mainta ini ng quality of the food. This explains why freezing, dehydration , or concentration of 
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loods increases she lf life . and in hib its bacteri al growth. There a re many ava il able sources of 

wate r ot he r than tap I,vater, and bottl ed water (UNESCO, 2006). Some foods have hi gh water 

content. including many li'uits and vegetables. In add ition , the bod y can make small amounts of 

"ater li'OI11 var ious metabol ic processes that res ult in molecules of water as a by-product. Th is, 

howcver, is by no mea ns suffi c ient lo r the body's needs of water. It is genera ll y recommended 

that people drink eight cups (or nearl y 2 liters) o f water a day to maintain an adequate suppl y 

(Roos, 1993). 

The nature of hydro gen bonds allows water to bond wi th other water mo lecules as well as with 

sugar. sta rches. pectins, and prote ins, Water absorbs energy as it changes from frozen to liquid to 

\ "por state. and is an effecti ve cooli ng medium, If water is easi ly extracted from loods by 

sq ueez ing or press ing. it is known as free water. Inversely, water that is not eas il y removed from 

I~)ods and that is not free to act as a solvent is known as bound water; water in food s irnparts 

Ii-es hn ess. Water activity is the available free water for growth of microorgan isms. A meas ure of 

watcr activity is the ratio o f the vapor press ure of water in a so lution to th e vapor pressure o f 

pure water, If water is unava ilable for pathogenic or spoi lage-causing bacteria to multipl y, [(lOJ 

is be ller preserved, and has a longer she lf life (James, 1995), 

Water may ex ist in a bou nd form in a food due to the hyd rogen bo nds, ionic, and polar forces of 

attraction between th e water molecu les and food consequentl y. The moi sture content of the food 

is o ften less sat is factory as a measure of the likel y keep ing qual iti es of the food than is I,vater 

acti vit \. a 1\' . Water acti v ity may ran ge 0 to \. Th us I,vater acti vi ty is a measure of th e energy 

statl" or the water in the lond. and is a far better indicator or pe ri shabi lit y than the wate r co nten t. 

iVlo st bacteri al g rowth is arfected above water acti vity 0.80. With th e knowledge 0[' moisture 

so rption isotherm that one can predict the maxi mum moisture that the food can be a ll owed to 

ga in dur ing storage (Decagon, 2004). 

2.!!.1.2. Protein 

lhe tcrm Protein. comes fi'om the Greek Prote ios meaning " First". It is impo rtant bio logical 

mo lec ul es that are made up or . Building Blocks' ca ll ed Am ino Aeids , Prote ins are c:'ganic 

com pounds made of ami no ac ids arranged in a li near cha in , and folded into a g lobula r fo rm . -I he 

am ino acids In a polymer are jo ined together by the peptide bonds be tween 

the ca rboxy l and amino groups of adjacent am in o aeid res idues (Ridley, 2006). They are a large 
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group of orga nic compounds consisting of Carbon, Hydrogen, Nitrogen and Oxygen atoms. Most 

protcin, contain sull 'ur and some contain addi ti onal elements; fo r example, mi lk proteins con tain 

phosphorus, hemoglobin and myoglobi n contains Iron. Copper and Zinc also are constituents of 

some proteins. They are di stingui shed from fats and carbohydrates in be ing the only 

macromolecule in food s to conta in Nitrogen. The presence of Nitrogen in Proteins is often us~ cI 

as the basis of the estimation of Prote in in food s (Ne lson and Cox, 2005). 

Protcins arc the most abundant molecul es in ce ll s, making up 50% or more of their dry weight. 

Lvcry prote in has a uniq ue structure, and conformation or shape, which enables it to carry out a 

spcc ilic fun ct ion in a li vi ng ce ll. Proteins comprise the comp lex muscle system, and the 

connective tissue network, and they arc important as carr iers in the blood system. All enzymes 

arc proteins; enzymes are important as catalysts for many reactions (both des irab le and 

undesirable) in foods (Dobson. 2000). 

Pro tc ins me v~r ) important in toods. both nu trit ionall y, and as fu ncti onal ingredients. The 

primary roles protein plays in the growth . and deve lopment of body buildi ng. repairing muscle. 

connecti ve tissue, aiding immune system funct ion, preserv ing muscle mass, bui lding enzymcs, 

and making hormones. They play an important role in determining the texture of a food. They 

arc complcx molecules, and it is important to have an understanding of the basics of prote in 

st ru cture to understand the behav ior of many foods during processing. Protein is also pruvides 

the body with cnergy, and is needed for the manufactu re of hormones, antibod ies, enzymes, and 

ti ssues. It also helps mainta in the proper acid-alka li balance in the body. Proteins pro vi de ami no­

ac ids to build and support hea lthy body ti ssue (Voet, 2004) . 

Proteins are large molecules composed of one or more cha ins of amino ac ids. There are 20 

differcnt amino ac ids found in nature. They have different properti es depending on their 

structure. and compos it ion. ThereJc)re, a body shoul d be fi ll ed with all of them to function 

p l"\l p~rl ) . Normally. the bocly produces twelve of these am ino-acids: however, the other eight are 

the result of" appropriate diet. Foods of animal ori gin such as milk or eggs often conta in all these 

essential ami no-ac ids, while a great num ber of plant products should be consumed in a certa in 

combination to prov ide all these necessary prote in components (Malon el 01 .. 1993). 
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Prolein nla) be l'ound in a vari ety of food sources . Prote ins from animal sources (Meat, Poultry, 

Milk. and ri sh) are cons idered to be o f hi gh bio logica l va lu e, because they contai n all o f the 

essenti al am ino ac ids. Prote ins from pla nt sources (W heat, Corn , Rice, and Beans) are 

cons ide red to be o f low b io log ica l value, because an ind iv id ua l p lant source does not conta in a ll 

o f the essenti a l amino ac ids. T here fo re, com binat ions of plant so urces must be used to provide 

thesc nutrients (Ne lson and Cox, 2005). 

'1 his ~xccss intakc o r prote in is not cons idered to be harm fu l for the average healthy ind ivid ua l. 

Il olV~wr. when prote in in take is Inadequate , but to ta l ca lori c intake is suffi c ient, a cond ition 

known as Kwas hiorkor may occur. Symptoms o f kwashiorko r inc lude an enla rged stomach, loss 

of hair a nd ha ir co lor, and an enla rged Liver. Conversel y, if prote in , and cal ori c intake arc both 

in adeq uate, a condition know n as marasmus occurs. Marasmus presents with a stoppage or 

g]'()II- th . cxtrcmc m usc le loss, and weakness ( Wa lker and W il so n, 2000). 

2.KI .3. Lipid 

Li pids, whi ch consist o f fats and o il s (fats are so lid , and o ils are liquid at room tem perature ), are 

hi gh-energy yie lding mo lecules com posed mostl y o f carbo n. hydrogen. an d oxygen. Though 

lipids have a sma lle r number o f oxygen mo lecules than ca rboh ydrates ha ve . T his small num ber 

o f oxygen mo lec ul es Illakes li p ids inso luble in water, but so luble in certa in organi c so lvents. The 

bas ic strlll; turc or li pids is a g lyce ro l Illolecu le consistin g o f three ca rbo ns, each attached to a 

liltly-ac id cha in. Co ll ect ive ly, th is stru cture is known as a trig lyce ride. Triglycerid cs aJ'e the 

miti or forlll of energy sto rage (Nawar, 1996). 

Fat is one of three nutri ents used as energy so urces by th e body. T he oth er ones are protc in . and 

carbohyd rates. T he e nergy prod uced by fats is nine ca lories pe r gram. Protei n and ca rbo hydrates 

cac h providc felU r calories per gram. Fats that are in food s are co m binati ons of' Monounsaturated, 

Po lyunsaturated . and Saturated Fatty Ac ids. The body needs o nl y sma ll aillounts of fat. Excess 

intake o r lill , cspec iall y saturated fat. can increase the ri sk o f heart d isease and stro ke (Eskin. 

1990) . 

T he estimati o n o f th e fat co ntent o f fo od a lmost in var iab ly in vo lves the est im at ion not o f the true 

f' lt content. bu t o f the lip id li'act ion of the food . T hose food const ituents wh ich a re so lubl e in 

lion-po lar organic so lve nts such as petro leu m ethcr o r di eth y l e th er are kn own as lipi ds. T his 
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li'action includes Phospholip ids, Trig lycerides, Sphingo li pids, Waxcs, Steroids, Terpenes, And 

r at so luble vi tamins (S imopou los, 200 I), 

Fat provides energy and transpo rt nutri ents. There a re two types of fatty Ac ids considered as 

essentia l fo r th e hu man body: Omega-3 and Omega-6 fatty ac ids. T hese ac ids are req ui red by the 

body to ensure norm a l funct iona lity. They are received from co ld-wate r fi sh, or fi sh o il , and any 

other components that comprise Omega-3 fatty acids, and black current seed o il, which comprise 

Omcga-6 Fally Acids. Fo r examp le, the typica l Ameri can diet o ften includ es surplus of Omega-6 

11tlly acids and insuffic ient amou nt of Omega-3 fats. The increased consumpt ions of Omega-63 

o ils are h ighl y recommended to decrease the ri sk of cardiovascular d iseases. cancer etc. Fat and 

essentia l fa lly ac ids in particu lar p lay many ro les at the ce ll ular level that are needed to bu ild , 

and rcpai r musc le ti ss ue. Fat also plays an important ro le in the production of the hormones yo u 

nccd lll groll musc le (C hampe el al .. 2005), 

2.8.1.4. Ca rbohydrate 

Carbo hydrates a re organ ic compounds conta in ing carbon , hyd rogen, and oxygen. They may be 

s imple or complex molecu les includ ing sugars, starch and cellulose. Histo ri ca lly, the term 

"Carbo hyd rate" has been used to c lass ify a ll compounds with the genera l formu la C,,( 1-I20),,; 

",i th a Hydrogen: Oxygen atom ratio of 2: I (as in water). The a rboh ydrates (Saccharides) are 

dividcd into four che mi cal gro upings: Mo nosaccha rides, Disaccharides, O ligosaccharides, and 

Po lysacc harid es. In genera l, the Monosacchari des and D isacchari des, wh ich are smaller (lower 

molecul ar we ight) carbohydrates, are commonl y referred to as suga rs (F litsch and Ulijn , 2(03). 

Importa nt food carbo hydrates inc lude Suga rs, Dex trins, Starches, Ce llu loses, Hemice ll uloses, 

Pecti ns. an d Gum s. Carbohyd rates ho ld a spec ia l pl ace in human nutrit io n. They prov ide the 

largest s ingle so urce of energy in the diet, and sati sfy our instinctual desire fo r Sweetn ess. 

(jlucose is th e essent ial fue l for the bra in, growing felus, and is the main so urce of energy for 

the musc les during strenuous exercise. Carbohyd rates may be used as sweeteners, thi ckeners, 

stabili ze rs, ge lling agents, and fat rep lacers (WHO/ FAO, 1998). Just like fuel in cars or ce ll 

phone battery, huma n body requires to be feed every day. Carbohydrate is the mai n form o f' 

energy necessa ry fo r human' s body (Jegtyig, 2007). 
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Carbohydrates show a rec iprocal re lationship with fat in the diet, so that a high Carboh yd rate diet 

is also a low Fat diet. Diets hi gh in Ca rbohydrate are usually associated with lower prevalellce of 

obes ity. heart di sease, non-insulin-dependent diabetes and some types of cancer. Ava il able 

Carbohydrates may be defined as those which are suscept ible to the endogenous enzymes of the 

upper digest ive systems of humans, and are characteri zed as those Carbohyd rates whi ch produce 

energy in the human body (James, 1995). 

Ava ilable carbohydrate = Total Carbohydrate minus Crude Fiber, whi ch is sometimes known as 

lJti I i7.ab lc Carbohydrate . 

Carboh) drates arc the body's main so urce of energy, and should const itu te the main ingr~dient 

of entire daily intake. Actually. there are two types of Carboh ydrates: Simple Carbohydrates li ke 

Sugar, and I loney, and Complex Ca rbohydrates li ke Gra ins, Beans, Peas or Potatoes. Complex 

Carboh ydrates are more nouri shing, yet, have fewer ca lories per gram compared to fat . and cause 

fewer problems with over-nutriti on than fat or sugar. Additio nall y, diabetics prefcr 

Carbohydrates; s ince they allow better blood Glucose control. Foods hi gh in Carbohydrate 

in cl ude I:ruits, Sweets, Soft Drinks. Breads, Pastas, Beans, Potatoes, Bran, Rice, and Cereals. 

Ca rboh ydrates arc a common source of energy in li vi ng orga ni sms: however. no carboh yd rate is 

an essential nutrient in humans. Carbohydrates are not necessary building blocks of other 

molecules. and th e bod y can obta in all its energy ti'om protei n and fats (Wes tman , 200 I). 

L3ased on the effects o n ri sk of heart di sease and obes ity, the Insti tute of Medicine recommends 

thm Ame ri can an d Canadian adults get between 45- 65% of dietary energy from carbohydrates. 

The Food and Agricultu re Organizat ion and World Health Organization jointl y recom mend that 

national dietary guid e lines set a goal of 55- 75% of total energy from Carboh ydrates, but only 

10% directl y from Sugars (the ir term fo r S imple Carbohydrates) (WHO/F AO, 2003). 

2.8.2. Minerals 

Throughout hi sto ry. m ine rals were crucia l to the growth and success of civil izations. Today, we 

arc beg inn ing to app reciate th e importance of mineral s to the growth. and health of the hUlllan 

bod y especia ll y in I ight of so man y new challenges to our hea lth. As human beings, we are 

profo undl y connected w ith our world. The elements of thi s ea rth become th e mineral s essentia l 

to every ce ll in the body. All form of living matter requires man y mineral s fo r th e ir life 
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processes. The human body requires more than 22 mineral e lements that can be supp li ed by an 

appropri ate di et in vary ing amounts fo r prope r growth, hea lth ma intenance. anel ge neral we ll ­

be in g ( WHO. 1998). Plant-derived foods have the potent ial to serve as d ieta ry so urces for all 

human-essen ti al minera ls . and with a wel l-ba lanced diet that includes mixed sources of Grains , 

I:rui ts. Vegetables, Roots and Tuber c rops. Plant foods can make a s igni fi ca nt contr ibution to 

da il y minera l needs at a ll stages of the life cyc le (Dwyer, 1994). 

Minerals represent about 5 to 6 percent of the total body we ight in huma ns, and function in man y 

el i fferent ways. M inera ls a re the primary ino rganic component of the body that functions in 

conjunc ti(lI" II ith en/.ymes. horm ones. vita mins and other compounds. They arc th e left -over 

(ash) alkr cremat ion of a body, as they w ill not combust like most o rganic molecules or 

eva porate I ike wate r. They play important rol es in nerve transmiss ion, muscle contraction, blood 

lo rm ati o n and metabo li sm of macronutrients, and energy production . Some minera ls such as 

Sod ium, Potass ium , and Chloride function as e lectrolytes, wh il e other mineral s, such as Copper, 

Z in c. Iron. C hromi um. Se lenium , and Manga nese can be incorporated into enzyme molecules. 

Some minera ls such as Ca lcium , Phosphorus, and Fluoride can playa v ital structural ro le in 

strengthen ing bones and teeth. Somc minera ls can ei th er block or enhance absorption of othe r 

nutri ents. including othe r mineral s and some vitamins. T hey a re present in th e ske leta l system, 

and other hard ti ss ues. and constitute approx imately 4% of the body 's we ight (Heydon. 1983). 

The human body requi res seven minera ls in rel at ive ly la rge amounts such as Ca lc ium, Sodium, 

Magnes ium . Potass ium , Phosphorous. Ch lor ine, and Sulfur. These a re called major mineral s. 

I'hese im po rtan t mineral s partic ipate in the majority of chemical reactions ru n in a bod y. 

Additionall y. they a re important to produce hormones . cobalt, co pper, iod ine, iron . man ganese, 

mol ybden um, and zinc are ca ll ed mino r m inera ls. For the pu rpose or g iving a s imp le and brief 

introduction of m inera ls an d human nu trition, the mi ne ral s can co nvenientl y be c lass ifi ed into 

three ma in gro ups such as: those invo lved in the control or body Ou id (e.g. ,.vate r), those 

involved in the bu ildin g of rig id structures to support the bod y (e.g. Ca, P, Mg) and th ose 

involved ill chemical react ions in the body, and as chemical constitue nts of the bod y (O,borlle 

and Voogt. i 978) . 

rhe minor mineral s are not less important than the maj or ones; all are needed to r good hea lth. 

Deficiency ill mineral s . however. ca n have a major impact on hea lth such as Anemia. and 
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Osteoporosis that common ly occur in both developed , and developin g cou ntri es . Instead, 

dcficiency depends on the natural availab ili ty of the mineral. if the minera l is found in lots or 

fo ods: it's unlikel y th e intake wi ll be low. Examp le: Chromium , Copper, Iod ine, Manganese and 

Phosphorus arc ro und in a w ide vari cty o f foods, so deficiency is ra re and sod ium (sa lt) is the 

one m illera l that we need to red uce in our d iet (Ruth erford , 2007) 

A great number of vitamins and mine ral s act as antiox idants that protect our body against rr~e 

radi cal s. As a consequence, these nutrients help us prevent cancer, and many other diseases. 

including hea rt di sease, arthriti s, cata racts, and al zhei mer's d isease. In thi s respect, anti ox idants 

arc spec ial substances that protect ce ll s against th e adverse affects of fi'ee radical s. These 

Illolecules arc produced when a bod y brea ks down food. At that. the radical s can damage cells, 

and even cause Il cart Disease. Cancer etc . Antiox idants include Beta-Carotene, Lutei n, 

Lycopene, Se lenium , and Vitamins A . C, E. and are found in Fruits, Vegetables, N uts, Grains, 

Meats, and Fish (Med line Plus, 2007) . The general roles played by some mineral s like Ca lcium. 

Iron. Magnes ium , Z inc, and Phosphorous in humans are briefly presented in the lo !lowing 

section. 

2.N.2.1. Calcium 

Calc iu m (Ca) is one of an important mineral in whi ch more than 99% or wh ich is lound in the 

bones, and teeth to keep them strong, and support their structure (Sh il s, 1999). The rest is stored 

in blood. ll1usc les. and ce ll s. It is obtained from the foods including: Milk. Cheese and Yogurt, 

Gree n Vegetabl es etc. Ca has a very important rol e in bone and tooth structu re, in blood clottin g. 

musc lc con tracti on . Those of us who do not consumc enough Ca should take Ca supplemen ts. 

The exact amount orCa depends on age and other factors ; however, chi ldren. and teenagers need 

more Ca compared to adults (N IHODS, 2007). Aged women need Ca to prevent Osteoporos is, 

whi ch weakens th e bones that are likel y to get broken. Half of women and men under 50 get 

their bones broken du e to Osteoporosis. Therefore, a diet rich in Ca and vitamin D keep bones 

strong. Ca I'o rms a v ital part of bone and tooth structure, and is also important as a positi ve ion 

( c:r~' ) in blood c lolli ng. muscle contraction, and nerve impulse transmi ss ion . It a lso participates 

ill , ;I\cogclIlll et:lbolism (licyd on. 1983). 

Inadequatc intake of Ca increases the ri sk of Osteo porosis (bo ne loss w ith no apparent ca use). 

Adequate Ca nutrition dur ing childhood has important im plications for bone growth. and 
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de ve lo pment, and is thought to reduce the incidence of Osteoporosis in later life. Excess intake 

of Ca may cause kidney stones and reduces mineral absorption in genera l (Wardlaw. and Insci, 

1996). Phyti c acids marked ly decrease Ca bioavai lability, and the Ca: Phytate mola r ratio has 

been proposed as an indicator ofCa bioava il ability. The critica l molar rat io ofCa:Phy is reported 

to be 6: I (Oladimeji el al. , 2000). 

Ca is the outstandi ng sing le constitucnt o f bones and tecth. and the most abu ndant mineral in the 

body with RDA for adults 1200 mi lligrams or approximately I g. Ca and P04
3

. are properl y 

utili zed in the body by vi tamin D (A nderson and smith , 2002). The best natural sources are Sea 

Vegeta bles. Low-Fat Yogurt, Skim Milk. Beans, Seeds, Nuts, Green Vegetables, etc. Intakes 

over 2000 mi lligrams per day may lead to Hypocalcaemia, Induce Constipation , and inh ibit the 

Intestinal absorption of Iron , Zinc, and other essential minerals (Banelji , 2005). 

2.8.2.2. Iron 

Iron (Fe) is in vo lved In many vita l funct ions in the human body. First, Iron is important fo r 

Oxygen transport. Further, Iron is essent ial to Brain fu nction, and development. Severe iron 

defic iency can cause retarded mental deve lopment. wh ich may be irrevers ible. Iron has part in 

ca rrying of Oxygen as a criti ca l component of th e Hemoprote in , Hemoglobin . M yoglobin. and 

C) lOchromes and it is also a Co-factor for some enzymes (Walker el aI. , 2007). 

Iron is a micron utrient that is most often deficient in developing countries, wi th child ren and 

women of reproductive age especially at ri sk of such deficienc ies (Melaku el al .. 2005). Its 

deficiency causes anem ia (Tortora, 1997). Thi s deficiency is recogni zed by its symptom such as 

low blood iron leve l. smal l and red blood cel ls, and low blood hemoglob in values (Tortora. 

1997). Iron dcliciency is common only among children and pre-menopausa l wo men . Great care 

must be taken not to take too much iron, as excess amou nts are stored in the body's ti ssues, and 

ad verse ly affect the body 's Immune Funct ion, Cel l Growth and Heart Health. Iron t0xicity 

usua lly results fro m a gene ric di sorder call ed Hemochromatosis. This di sease causes over 

Abso rption and Accumu lat ion of Iron , which can result in severe li ver and hea rt damage 

(Wardl m\' and Insc l. 1996). 

i.O\\ COlllclll and bioava il ab ility or Iron in the lyp ica l cereal-based d iet is a major cause 

01' Iron deli cicncy (Sandberg, 2002). In deve loping countries Fe de fi c iency. due to poor 
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binava ila bility, retards normal Bra in develo pment in Infants and a ffects the success of 

pregnan cy by increas ing premature de li ve ries, as we ll as morbidity of Mother and Child at 

or around ch ild birth. It affects a lso working capac ity, thus im pa ir ing socia-econom ic 

development as well (Malenga ni sho el 01. , 2007). Thi s is due to the hi gh content of ant inlltri ents 

in most cerea ls and other plant so urce stap le food s and inadequate in take of an imal foods 

in the diet . Iro n absorption can be blocked by Calciulll. Magnesium. Manganese. Zi nc. Anti-ac ids. and 

!'ctracyclinc (a co rnlllon Ant ibiotic) (Rcbouche el ai,. 1999). Iron de fi c iency ar ises li'om th e low 

bioavailab ili ty of No n-Haem Iron caused not onl y by Ph ytate, but a lso Tannins in the diet 

(Sandberg, 2002). 

Iron nutrition is parti cularl y important durin g the weaning period, when the in fant is gro wing 

rapidl y. and has a h igh demand for Iron . Cereal porridges are common complementary foods 

during the ,,"caning period and ol1en prov ide mu ch of the dietary Iron in ta ke , because the Iron 

contribution li'om human milk is low. Because of the hi gh Phytate content of cereal porr idges. 

Iron absorptio n of nat ive Iron and forti fication iron may be very low (Lorenz el 01. , 

2007). One mo le of Ph yti c acid binds 6 mol Ferri c Irons so that even relatively small quantities 

of res id ua l Phytate are still s trongly inhibi tory. Studi es indicated that adding 10 mg/l 00 g Phytic 

acid to bread ro ll s decreased Iron absorption by 20%, and that add ing 20 mg/lOO g decreased 

Iron absorption by 40%. Ph ytale: Iron molar rati os greate r than 0. 15 a re regarded as 

indicati ve o f poor Iron bioava ilab ility. Absorpti on of iron fro m cereal s ca n be increased by the 

degradat ion or removal of Phytic acid with a s imple techn ology like fe rm entati on ( Hu rrell el ul., 

2003). 

Iron is a consti tuent of hemoglob in . Body iron content is regul ated by th e amount absorbed. The 

absorption is influenced by body stores and by the amount and type of Iron in ingested foods. 

The RDA 11 ) 1' adults is IS m illi grams. It is a vital com pone nt of man y cnzymes; it ca n promote 

res istance to di sease and prevent fati gue. A defic iency can cause Anemi a, res ul ti ng in impa ired 

concentration, reduced physica l perfo rm ance. and work capac ity, and decreased immune 

fu ncti on. Asco rbic Ac id is necessary for th e proper ass imilatio n of' Iron. The best natural so urces 

or' Iron a rc Sca Vegetab les. c lams. Cockl es. Musse ls, Oysters, Yeast. Mo lasses. Beans, Nut s. 

'iccds. and Cerca ls. Tea . Conce. 13ran and Phytates decrease Iron absorpt ion. There are no 
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reponed cases of tox icity li'om foods but iron poisoning may occur from ingesting large amounts 

o f medici nal Iron supplements (Morri son, 1965). 

2.8.2.3. Magnesium 

Magnes iulll (Mg) is essenti al to mainta in both the ac id-a lkaline balance in the body, and he~ lth " 

lililctioning of nerves, and muscles ( including the heart). as we ll as to activate enzymes to 

metaboli ze Blood Sugars, Proteins and Carbohydrates (Rebouche el al,. 1999). A 2: I rati o of 

Calcium to Magnesium is essent ial to maintain strong bones. Magnes ium is the essential 

composition of Bone and Teeth with RDA for adults of 350 milligrams. It play im portant role 

in metaboli sm of Phosphorus, Starch. and Suga rs. Many biochemica l and phys iologica l 

processes require Magnesi um . It is necessary for Vitam in C and Calcium metabo li sm. It keeps 

I ecth healthy. brings relief I'rom indigestion and can aid in figh ting depress ion. More than 300 

Cll l.ymes arc known to be acti vated by Magnesium. Magnesi um is a co- factor for many 

coenzymes, also affects metabo li sm of K and Ca (Banelji , 2005). 

The best natural sources of Magnesi um are whole Seeds, Nuts, Legumes, unmill ed Grain s. 

(J1'Ccll Vcg~tclbks . alld Bananas. Ph ytate or Fiber Illay reduce Magnesiu lll absorpti on. A lcohol 

acts as a Diuretic. caus ing vast qualllities to be lost in the urine (Banelji . 2005). Its deficiency is 

related to Il igh Blood Pressure, Pregnancy prob lems, and poor I-Ieart function. In addition, 

indicati ons of a Magnesium deficiency may be Muscle twitches, nervo usness, Abnormal heart 

beat and Diso rientation. Excess intake of Magnesium causes weakness in people with Kidnc \' 

lililurc (Wardlaw and Inse l. 1996). 

2.S .J. ..J. Zinc 

/.inc (/.n) is an essential trace mincral th at is used for regul at ion of genctic acti vity, and balance 

01' carbohydrate metabo li sm, and blood sugar (Adeyeye el al., 2000). Zinc is the most ubiquitous 

of all trace e1e mcnts in vo lved in human metaboli sm. It is known to be essential component of 

over 200 enzymes, and necessa ry for normal col lagen synthes is, and minerali zat ion of bones. 

The metal has also been found to be in volved in vital processes such as mitosis, synthes is o r 

J)NA. pro tein. gene ex pression. and ac tivation (Walingo. 2009). 

Zinc is also requ ired for the action of both carbonic an hydrase, and super oxide di smutase. It is 

also vital fo r a va ri cty o f hormonal acti viti es, including the Thymic Hormone. Glucagons. 
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Insulin. Gro\\th Hormone, as wel l as the Sex Hormones. Furthermore, zinc has been found to be 

e,sential li) r normal Brain deve lopment, particularly concerning the Hippocampal tlll1ction. In 

add ition, zinc is also known for its Anti-vi ra l, Anti-bacterial, Ant i-Funga l, and Anti-cancer 

properties. and has been found to protect an imals aga inst otherwise Lethal Irradiation by 

neutrons (B ryce-Smith, 1989). Zi nc is an essenti al element fou nd in th e tissue of anima ls even at 

normal ambient concentrations. H owever. if plants and animal s are exposed to large concentrations of' 

biu(l\ailable 1.11, signi fi cant bioacc ulTIulations can result , with possible tox ic eflecls (Wardlaw anc! Inset 

1<)%). 

Zinc defic iency IS a publ ic health problem , and is assoc iated with poor growth, decreased 

immune fun ction , increased susceptibility, severity of infections, adverse outcomes of 

pregnancy, and neurobehavioral abnormalities. Deficiency of Zn is highl y prevalent III 

developing countri es , but also in vu lnerab le groups with high requirements in industrial ized 

couillrics. such as women of lertil e Age, Infants and Adolescents (Sandberg, 2002) . 

Ap proximately one third of children in low-income countries arc stunted (Walingo. 2(09). Zinc 

deficiency is presumed to be the underl ying cause or stunting and de layed sex ual maturat ion. In 

chi ldren z inc de fi c iency has been shown to Poor Growth, Impaired Immunity, inc reased 

Morbid ity from common infectio us di sease, and increased mortality. l3ased on national fOlld 

balance data . approxi mate ly 20.5% of the world 's population is estimated to be at risk of 

inadequate I.n intake. \\ ith the percentage of indiv idua ls at risk highest in South [ast Asia 

133 . I 'X,). ~ lI b Saharan Africa (28.2'%), South As ia (26.7%), Latin America and the Caribbean 

(24.8%) (Wuchler el 01., 2005). 

If Zine is rel110ved frol11 the cata lyti c site, acti vity is lost, rep lace l11 en t of Zinc restores act ivity. 

When the suppl y of dietary Zinc is insufficient to support these fu nctions, biochel11ica l 

abnorl11alities and c lini ca l signs l11 ay deve lop. Studies in individuals with Acroderl11 atitis 

Fntcropathica. a genet ic di so rder with Zinc l11al-absorpt ion resulting in severe defic ienc y. have 

providcd l11uch ins ight into the funct ional outcol11 es of Zinc deficiency. These include 

Il11pa irmen ts of De rl11 al, Gastroi ntest inal, Neurologic and Il11m unologic systcl11 s (ATSDR. 1995). 

Zi nc defic iency ari ses to a large extent frol11 il11pai red bioava il ability of dietary zinc large ly 

attributab le to the high phytie aeid content of di ets. Zinc supplel11 entation increases linear growth 

25 



in st unted children which suggests that these high rates or stunting may be due in part to Zinc 

delicienc), (Wali ngo. 2009). 

Zi nc is prescnt in most foods, but meat and fi sh provide the best sources. as bioavai labi 1ity of 

zinc from animal products is considered to be far greate r than rrom plant foods. Even though 

plant loods do conta in Zinc, the bioavailabi li ty from them is re lat ively poor due to their hi gh 

phytic ac id , and fibre content. In fact , Zinc availability from vegetarian diets has becn rcported to 

b" c.\ccptionall) 11m. Whea t ge rm is very rich in zinc, but unfortunate ly it is invar iabl y di scarded 

during. I (lOll process ing. wh ich further depletes the vegetar ian diet o r Zinc. The RDA is 15 

milli gram s per day lor Men and 12 milligrams per day for Women. Recent research suggests that 

Men have a hi gher need for Zinc than do women (Morr is and Elli s, 1980). 

Diets have been classified into high , medium and low-Zinc avai labi li ty based on the ph ytate­

I.i nc molar ratio. Phytate: Zinc molar ratio is used to estimate the likel y absorption of 7, inc fh,m 

" mi\ed diet. Diets wi th a Phytate-Z inc molar ra ti o greater than 15 have relat ively mow Zinc 

bioava il ability. those with Phytate-Zinc molar ratio between 5 and [5 have med ium Zinc 

bioavailability and those with a Phytate-Zinc molar rat io less than 5 have re latively good Zi nc 

bioava ilability (Wa lingo, 2009). Phytate; Zi nc molar ratio playa major role in inhibiting Lil lC 

absorpt ion such that Zinc absorption is typicall y less than 15% in high Phytate meal s (Adeycyc 

('I III :>0(0). 

2.S.2 .S. Phosphorolls 

Phosphoroll s (P) is pa rt of the phospholip ids, an essentia l fu nctional com ponent of ce ll 

membranes. It is pa rt o f hi gh energy phosphate compounds li ke e.g. Adenosine Triphosphate 

(ATP ). and Creat ine Phosphate, the biologica l energy conse rvation molecule wh ich is essential 

to al l vira l processes. Phosphorus is also an essential component of Hydroxyapatite, thc main 

st ructural bone mine ral. Ddicicncy of phosphorus is common in malnourished children , and 

severe II) pophosphatcmia is associated with increased mortality in Kwashiorkor (Manary e/ a/. , 

19(8) 

Phosphorus deficiency is also like ly to cause Rickets-like bone changes in malnourished 

children. Phosrhorous is likely to be a lim iting nu trient in treatmen t of children. Absorption of 

dietan rhosphorus is high (55-70%). relatively independent of dietary composition. and does not 
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appear to be up- regu lated at low in takes. Dairy products, Meat, Poul try, Eggs, Fish, N uts, and 

Leg umes arc gene rall y good sou rces of hi ghl y ava il able Phosphoru s. However, the ma in fo rm of 

Phosp horus li'om pl ant mater ia l is Phytate whi ch is res istant to d igestion un less enzymat ica ll y 

degraded by Ph ytase. Thus, Phospho rus fro m Phytate is on ly a bsorbed to a min or degree unde r 

normal co ndit io ns, an d the Phytate li'act ion o f Phosphoro us should the re fore be disco unted from 

the ca lcul at ions or th e total Phosphoro us requirements (Go lden, 2009). 

2.9. Ant i-nu trit iona l factors 

"!en ure has (' ud ClI\cd plan ts with the genetic capacity to synthes ize substances that are tox ic. and 

till" to ensure thei r survival agai nst preda tors whether th ey be insects. fun g i or animals inc lud ing 

humans. Human s have learnt whi ch foods are sa fe to eat or how such foods ca n be treated in 

order to dest roy their toxic ity use, and have developed su itable techn iques for detoxify ing the 

food s before co nsumptio n. O ne of these tox ic materi a ls are anti-nu tr iti onal facto rs 

(Sha nthak umari el 01. , 2008). A nt nutrients are chemica ls which have been evo lved by plants lo r 

their own defcnce. among other biological functions. Anti-nut ri ents reduce th e max imum 

utilizat ion or nut rients especia lly prote ins, vitamins, and mineral s, thus preventing opti mal 

c,'plo itation o f the nutri ents present in a toad and decreas ing the nu trit ive va lue (Ugwu and 

Oranye.2006). 

One majo r lactor limit ing the wider food uti lizat ion or many tropica l pl ants is the ubiq uitous 

occurrence in them or a d ive rse range of natu ral co mpou nds ca pab le or prec ipitatin g de leterious 

clh'c h in llIan . and an imals cOlllpo und wh ich ac t to redu ce nut ri ent ut ili zati o n and/or fo od intake 

arc olien referred to as ant i-nutr it iona l facto rs. T he b iological e ffec ts o f a ll these chemi e ~l l s are 

d iverse, and complex. Wh en man ingests p lant foods to meet nutr iti ona l needs, a wide variety or 

these non nutrient phytochemicals are ingested at the saill e time. Food crops regul arl y eaten have 

Illan y beneli c ial nu trients but there are traces of ant nutrit ional fac tors cO lll ponents such as 

c)anides . o-,a lates. ph ytate. phenolics. tann in , protease inhibitors, heavy meta ls etc (O ill oru y i el 

" I . :2007) 

The remain ing anti -nutri ents can, however, be responsible fo r the deve lop illent o r serio us Gastric 

Di stress. and may interfere w ith d igest ion of nutrients, wh ich inevitab ly results in chronic 

deGcit s in absorption o r nutrients. Acco rd ing to Aletor ( 1993). there a re seve ra l antinu tritional 

",ctors that arc ve ry s igniGcan l in plan ts used fo r hum an foods, and anim al feed s. Severa l anti-
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nut rit iona l facto rs are present in root a nd tuber cro ps and are partia ll y neutra lized du rin g ord inary 

cooki ng (l3 han dari and Kawabata, 2004). A mong Va rious anti nutrie nts, and plant tox ins, 

I'h ytate, Oxalate, Tan ni n, Cya ni de and Tryps in inh ibi to rs are found in root and tuber crops 

(\\ '<lnasundera and Rav indran. 1994). The review of thi s sect ion focused on a ll these an tinutri e nts 

separatel y except trypsi n inhib itors. 

2 .9, L Phytatc 

Phytate is the sa lt fo rm of ph yti e ac id . It is a lso kn own as Inos ito l hexaki sp hosphate ( InsP6) 

(Fi gure 2.3). and a m ajo r co mponent of plant sto rage o rgans such as seeds, roots, and tu bers, 

\I Ilere it sen es as a phosphate so urce for germination and g rowth (Reddy, 2002). The 

phosphoru s bou nd to ph ytate is not typica ll y bio-avai lab le to any a nim al th at is non-rumin ant. 

Ruminant anima ls, s uch as cows a nd shecp, chew, swa ll ow, and then regurgitate their food . Thi s 

regurgitated food is known as cud and is chewed a second t ime, Due to an enzyme located in 

thei r first sto mach c ha m be r, the ru men, these ani mals a re abl e to separate, and process the 

phospho rus in phytates. H uma ns and other non-ruminant anim a ls are un ab le to do so (Cosgrove, 

1'180). 

I'h ytate works in a broad pH-reg ion as a hi ghl y negat ive ly c harged ion , and therefore its presence 

in the d iet has a negat ive impact on the bioava ilability of d iva lent, and tri va lent mi nera l ions 

, .., t ," 1-13 ~- C , + ')-t- "+ '+ h I such as /:n- , I'e- , a- . Mg- , Mn- , and C u- (Weaver, a nd Kalll1 an , 2(02). W et ler or not 

hi gh leve ls of co nsu mpti o n or phyta te-co ntai nin g foods w ill result in minera l de fi c ie ncy w ill 

dcpcllll on \I hat else is be in g co nsumcd. In areas of th e world w here cereal pro te in s are a majo r 

and predom inant d ie tary lilcto r, th e assoc ia ted phytate intake is a ca use fo r co ncern ( IUFoS T . 

2008) 

Bes ides, phytate has a lso been reported (0 fo rm complexes w ith prote ins a t both low, and hi gh 

pi I va lues. These co m p lex fo rm ati o ns alter the prote in structu re. w hi ch may rcsult in decreased 

protein so lubility, enzymatic acti vity. and proteolyt ic d igesti bility. The phytate degrad in g 

cn/.) l11e. phytase. is in vogue l'or degradating ph yta te d urin g fo od process in g. and in th e 

gastrointestinal tra ct. The majo r concern about th e presence o f phyta te in the d ie t is its negati ve 

effect on l11i neral uptake (G re iner el al .. 2006). Phytate ma rk edl y dec rease Ca bioava ilab ili ty. 

and the Ca:Phy molar ra t io has been proposed as an ind icator o f Ca b ioava ilab ility. The c ri tica l 

molar ratio of Ca: I' hy is repo rted to be 6: I (Olad imeji el al. , 2000). In hum a n studi es, I'hy:/n 
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molar ratios or 15: I have been associated with red uced zinc bioavailability, and the molar ratio 

[CaHPhy]/lZnj is a better pred ictor of zinc ava il abili ty, because ca lcium exacerbates phytate's 

eficct on z inc absorpti on, and if the va lues were greater than 0.5 mol/kg, th ere wo uld be 

intcrference with the ava ilab ility of zinc (Davies and Wa rringto n. 1986). 
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At the same ti me, phytate may have benefic ial ro les as an Antioxidant, and Anticarcinogen 

(.Jcnab and Thompson, 2002). The outcome of surve ill ance of populations consuming vegeta rian­

type diet s has shown lower inc idence of Cancer. which suggests th at phytate has an 

Anti carcinogcn effect (S hamsuddin , 2002). Dietary phytate may have health benefit s lor 

Diabetes patients because it lowers the blood glucose response by reduc ing the rate o f starch 

digesti on and s lowing gastric emptying. Likewise, phytate has also been shown to regulate 

Insulin sec retion (Barker and Berggren, 1999). It is be lieved that phytate reduces Blood clots. 

Cholesterol. and Triglycerides, and thus prevents Heart diseases. It is also suggested that it 

I)["C\ ent s renal stone deve lopment. It is used as a complex ing age nt fo r remova l of traces o f 

hea vy metal ions (Se lvam, 2002). 

Depending on the amount of plant-de rived foods in the di et, and the grade of food processing, 

the dail y intake of phytate can be as hi gh as 4500 mg. On average, dail y intake o f phytate was 

estimated to be 2000· 2600 mg fo r vegetarian diets as we ll as di ets of inhab itants of rura l ar~as in 

(k\eloping countri es. and ISO ~ 1400 mg for mixed diets (Gre iner e/ 01. . 2006). Among the 

cnuking treatments boiling appeared effectivc to reduce the phytate leve l, which could rcduce as 

hi gh as 20% o l'phytate (Bhandari and Kawabata. 2004). 
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2.9.2.0 ,alate 

i\ sa lt formed from oxa li c acid (chemical formula HOOC-COOH) (F igure 2.4) is kn own as an 

Oxalate: lor examp le, Ca lcium oxa late, whi ch has been found to be wide ly d istr ibuted in p lants 

(L iebman. 2002). Strong bo nds a re fo rmed between oxalic acid , and vari o us other minera ls, such 

as Calc ium. Magnes ium, Sodi um , and Potass ium . Thi s chemical co m binat ion results in the 

lormation oj' oxalate sa lts . Some oxalate salts, such as sod ium and potassi um , are so lub le, 

\I hercas ca lcium oxa late salts are basical ly inso lu ble. The inso luble ca lci um oxa late has th e 

tende nc ), to precipitate (o r so lidify) in the kid neys or in the urinary tract. thus forming sharp­

edged calci um oxa late c rysta ls when the levels are hi gh cnough. These crystal s playa ro le to the 

lo rmation of kidney sto nes format ion in the urinary tract when the acid is excreted in th e urine 

(Noonan and Savage. 1999). 

Fig ure: 2 .7. Structure of oxal ic acid 

Ili gher co nt e nt oj' oxalic ac id can bind to calcium present In tood. the re by renderin g ca lciul1l 

un3\ 'ailablc /(1 1' norm al physio log ica l, and biochemical ro le such as the maintenance of strong 

bone. teeth, cofactor in enzymatic reaction. nerve impu lse transmiss ion. and as clotting factor in 

the blood. The ca lci um oxa late, which is in so luble, may also prec ipitate a ro und so ft tissues such 

as the kidney. caus ing kidney stones. T hou gh lost o f ca lciul1l leads to degeneration of bones. 

teeth . and impairl1lent of blood c lotting process (Uma ru el al .. 2007). 

\\ hen oxali,' acid is consumcd .. it irritates the lin ing or the gut, and ca n prove fatal in large doses. 

C urrentl y, pat ien ts are advised to limi t their intake of foods w ith a tota l intake o j' oxalate not 

exceedin g 50- 60 mg per day (M assey el al., 200 1). Oxa li c ac id is a comm on and w ide-spread 

component of most plan t families. Wh ile the leve ls of thi s acid in these p lants are genera ll y low, 

it is the h igh concentrati ons in the leaves, and conus of plants consum ed dail y that are of 

concern. 
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Oxalate is an anti -nutr ient which under norrna l conditions is con fined to separate cornpartments. 

IloIVever, whcn it is processed andlor di gested, it corn es into contact wi th the nutri cnts in the 

gasl roinleslinal Iract (Kaushaiya ef al. . 1988). When re leased, oxalic acid binds with nutrien ts, 

rendering Ihcm inaccess ibl e 10 the body. If food with excess ive amounts of oxa li c ac id is 

consumed regu larl y, nutritional defic iencies are likely to occur, as we ll as severe irri tation to the 

lining of the gut. In rurn inants oxa lic ac id is of only minor signifi cance as an anti-nutritive facto r 

si nce rurninal micro-nora can readily metabolize soluble oxalates, and to a lesser extent even 

in soluble (,,, oxalate. While the irn portance of the anti -nutriti ve acti vity o f oxa li c acid has bccn 

recogni~ed for over finy years it may be a subject of interest to nutritionists in the future (Davies, 

1979) 

The va lucs of oxalate changes as a resul t of process ing. Soaking and cooking of food stu fl"s high 

in oxa late will reducc Ihe oxa late content by leach ing. Boiling may cause considerable ski n 

ru pture, and facilita te the leakage of so luble oxa late into cooking water; thi s may be the poss ible 

reason 10 observed hi gh reduction in oxalate level upon bo iling (Bhandari and Kawabata. 2004). 

II is reported that bo iling alTects the hi ghest reduction in oxa late (82.1% reduction aftcr boi ling 

Ivr 40min as opposcd to roast ing and stecping those red uce 61.9% after ~0-45 min and 43.3% 

after 24 years, respective ly (Chinyere el aI., 1994). 

Oxalic ac id forms water so luble sa lts with Na+, K+, and N I-I / ions, it also binds wi th ci ', Fe:'·, 

and Mg'"" rcndering these minerals unavai lable to animals. However Zn2+ appears to be re l,,[ively 

unalfec ted. In plaills \Vilh a cell sap of app roximately pi-I 2, such as some species or Uxalis and 

mllln o.,a ialc c"ists as the ac id oxalate (HC20 4), primaril y as acid potass ium oxalate. In plants 

lVith a ce ll sap of app rox imate ly pl l 6, such as some plants o f goose/oot fam il y it ex ists as 

oxa late (C20 4) '- ion usuall y as so lub le sodium oxalate and inso luble ca lcium and magnesium 

oxalates. Calc ium oxalate is insolub le at a neutral or alkal ine pH , but fi'ce ly di sso lves in acid. 

(N oonan and Savage, 1999). 

OxalalC can he lound as so luble and insoluble forms in plants. Soluble sa lts are lormed when 

oxalate binds ,,·ith potass ium, sodiurn and magnes ium (magnesium oxalate is less so luble than 

the potass ium and sod ium salts) while insoluble sa lts are produced when the oxalate bi nds with 

calcium and iron. Oxa late can al so be found as free oxalic acid. Cooking can reduce the so lu ble 
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oxalate con tent of many common vegeta bles, but not the inso luble fract ion, if the cook ing water 

contJinin g some or th ~ leached so luble oxa late is discarded (Poeydomenge el 01. , 2007). 

O .\al at~ can bc l(lUnd in relativel y small amoun ts in many plants and its dist ribu tio n within plants 

i, al so un~ven. in genera l oxalate content is hi ghest in leaves fol lowed by the seeds it is the 

lowest in the steams. Oxa li c ac id concentrations tend to be hi gher in plants than in meats. which 

can be considered oxalate free plann ing low oxalate diets. Although many plants have calc ium 

oxala te crysta ls in the ir leaves, stems and roots, aroids are kn own to have these in their CDrms, 

rhi zomes. etc. in ex treme ly high concentrations (Horrocks el 01. , 2008). 

In \ i~\\ or thi s, the importance or the oxalate content 01' an indiv idual plant product in li miting 

total di etar) Ca ava il abi li ty is o f signi licance only when the ra ti o, oxa late:Ca is greate r than I. 

since under these circumstances the oxa late has the potentia l to complex not onl y the Ca 

containcd in the pl ant but a lso that dcrived /'ro m other food sources (Noonan and Savage, 1999). 

2.9.3. Tann in 

! >11 111 in is ' In ast ringent. bittcr plant pol yphenol ic compound that either binds or precipitates 

rrvteins and various otlier organ ic compounds including amino ac ids and alkaloids (Harold, 

2004). The compounds are widely di stributed in many species of plants, where they play a role in 

protection from predation , and perhaps also in growth regu lation . Tannins have tradi ti ona ll y been 

conside rcd as antinu tritional facto rs but it is now kn own that the ir bene lic ial or antinutri tional 

pmpenies dcpcnd upon their chemi cal structure and dosage and thc total acceptable tannin oa il) 

intake I(lr a Illan is 560 mg (Anonymous. 1973). The new technologies used to anal yze molecul ar 

and c h ~mi cal structu res have shown that a div ision into condensed and hydrolyzab le tannins is 

1111' too s impli sti c and read il y form indigestible compl exes with prote ins and oth er macro­

molecules under speci fi c environmental condi ti ons (Mole and Waterman. 1987) 

J{cc~nt studies have demonstrated that products contai ning chestn ut tannins incl udcd at I,"" 

d,,,age, (0. IS-D .::> 11,, ) in the diet can be bene fi cial (Schi avone el 01. , 2008). The most ab undant 

p()l)'ph~n () l , arc thc condensed tann ins, fo und in virtuall y all famili es o f plants, and comprising 

up to 50% of the dry wc ight of leaves. Condensed tannins inhibi t herbivore di gesti on by binding 

to consumed plant prote ins and making them more diffi cult fo r animals to digcst a!1d by 

in terfe rin g with protein absorption and digcsti vc enzymcs. Tannins had b~cn rcponed tl\ "fleet 
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protei n di gestibi lity, adve rse ly innucncing the bi oavailab ility of non-haem iron leading to poor 

iron and ca lcium absorption, a lso carbohydrate is affected leading to reduced energy va lue or a 

diet containing tannins (Adeparusi, 200 I). 

I Jr~,sani and 1<1 ias ( I nO) fou nd tann ins to be hea t stable and that they decreased protein 

di gestibility in anima ls and humans. probably by either making prote in partia ll y unavailable or 

in hibiting d igestive enzymes and increas ing feca l nitrogen. Tannins are known to be present in 

food products and to inhibit the act ivities of trypsi n, chemotrypsin , amylase and lipase, decrease 

the prote in qual ity o f foods and in terfere with di etary iron absorption (De Lumen and Salamat, 

1980). 

'1 annins arc known to be respons ible for decreased feed intake. growth rate. feed effic iency and 

protei n di gestibility in ex perimental animal s. Makkar el 01. , ( 1988) reported th at if tannin 

concentration in the diet becomes too hi gh, microbia l enzyme activities incl uding cellulose and 

intestina l digestion may be depressed. Tann ins al so form insolu ble comp lexes with prote ins and 

the tannin-prote in complexes may be respons ible for the anti nutritional effects of tannin 

C(11ll~,inin g l'lOds (Mole and Wa terman. 1987). 

Widel), di stributed polypheno ls in plants are not directly in vo lved in any metabo li c process and 

are therefore cons idered secondary metabolites. Some polyphenoli c compounds have a ro le as 

dcrense chem ica ls, protecting the plant from predatory attacks of herbi vores, pathogenic ('ungi 

and parasitic weeds. Polyphenols in the gra ins also prevent grain losses from premature 

germina tion and damage due to moulds (FAG, 1995). 

Certain pol yphenoles arc ab le to bind Fe, which make the complex-bou nd Fe unavailable lor 

ahsorption. The amount of Fe-bind ing pheno l ga l lOl'l groups in loods rough ly co rresponds to the 

degree o f' inhibition of Fe absorption. All major types of food polyphenoles can stro ngly inhihit 

dietary non-haem iron absorption. The negati ve innuence on Fe absorpt ion is nutrit ionall y the 

most important. espec iall y in industria l products such as infant fo rmulas, but more importantl y in 

man y developing countri es where the diet is based on cereal and legume products. Cereals 

conta in varyi ng amounts o r po lyp hones and generall y the amou nts are considered hi gher in the 

colored seeds (Sandberg, 2002). 
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2.9.4. Cyanide 

Cyan ides arc organ ic or inorgani c com pou nds which conta in the -C=N group (Hcalth Canada, 

1991). Cyanide is a naturall y occurring chemica l and is present in many food items such as 

;\ll1londs. Ma i/e. Apple Seeds. Millets. Uamboo. Mustard , Beans, Peas. Elderberry. Sorghul11 , 

Cassava Root. Sugar Cane. Lemon. Swcet Potato. Lima Beans. Wi ld Cherry. Lime. And Yam 

(Salkowsk i and Penney, 1994). It is also generated in fires and is one of many tox ic componen ts 

oflObacco smoke. The dist ri bution and transFormation of cyan ides in air, on land or in water has 

been well described . Cyan ide is a reactive compound which does not accumulate in the 

environmelll (USEPA , 198 1). USEPA (198 1), concluded that air, I·vater and so il bo rne cyanide 

exposurcs to humans do not preselll s ignifi cant ri sks to the general pop ul ation when compared 

\\ iill potential L.'pOSltrc li'om naturall y occurring sources. such as certain plants or plant produl.:ls 

used as food (Hebcrt. 1993). 

Cyanide is a potent and rapid ly acting poison. The toxic effects of HCN and soluble inorgan ic 

cyanide salts are principally due to the propensity for the CN ion to complex with certa in metal 

lUllS . t ' h ~ respil'atory en zyme cytochrol11ec oxidase. which is necessary tor intracel lular 

"t!linti"n or OX) gen. is espec ially sens iti ve to cyanide binding to the tri va lclll ion I()rming a 

stable coordination complex (US EPA. 1981). Thi s complex subsequentl y inh ib its cellula r 

respi rat ion and disables oxidative phosphory lation. Cyanide does not interfere with the transfer 

of oxygen to the tissues: rather it prevents cellular use of oxygen in energy production (Clordun 

and Amdur. 1991 ). 

II',L' cd, drC ull"blc lu ulili Le oxygen resu lting is hi stotoxic hypoxia to which the eNS and the 

he,,'" 'U L' oarti, ula,.l) se llsiti ve (Ri eders. 197 1). Cardiac irregular ities are common. but death 

typicall y arises from respi ratory arrest fo ll owing CNS failu re (T im bre ll. 1994). It has been 

reponed that higher intake of cyanides eou ld resu lt in the development o f neurological di sease in 

humans (Mo ntgomery, 1980). The amounts of cyanide produced. only plants that accumulate 

mo re than 50 to 200 mg are considered to be dange rous (Kingsbury. 1964). 

l '\llnide is us uall y fo und joined with other chemica ls to form compounds. Examp les of simple 

cyanide compounds are hydrogen cyanide. sod ium cyan ide and potassi um cyanide. Hydrogen 

cyanide is a co lorless gas with a fa in t, bitter. almond-li ke odo r. Sod ium cyan ide and potassium 
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c;aniue are both white so lids with a biller. almond- li ke odor in damp a ir. Cyanide and hyd rogen 

cya nide are used in electroplat ing. meta llurgy, organic chemicals production , photographic 

deve lopi ng. manufacture of plast ics, fu migation of ships, and some mining processes (Hamilton 

and Ilardy, 1974). 

2.10. Effect of process ing on nutrients and anti-nutrients 

Several factors influence the nutriti ona l content of food. These inc lude the geneti c make- up of 

the plan t, the so il in which it is grown, use of fe rtilizer, prevai ling weather, maturity at harvest, 

packag in g, sto rage conditions and method utili zed for process ing. The primary purpose of 

process ing is to render food palatable and develop its aroma. but it has inevitable consequences 

on the nutritional value of foods. Washing and pee ling result in the loss of many water-solub le 

\ ILimin, . since these arc more concentrated in the peel and outer layers. With careful control o f 

Ihe pi"llCCSSeS. nutrient losses can be minimized without affecting palatab ility (Morri s el a/ .. 

2004). 

The term "I()od processi ng" covers an enurmous fie ld , from simple boiling to the usc of 

irradiation. The types of cooking methods d itTer in cou ntries around the world and also vary with 

the ethnic background of the family . Processi ng (cook ing) can be both beneficial and detrimenlal 

to nutrient composition or foods. It is known that process ing techniques may dee rcase th e fond 

va lue of some nutrients: lo r examp le, there is some inev itab le leaching uf nutrients into the 

cook ing water dur ing processi ng. The cooking water mayor may not be discarded, depending 

upon cu lt ural and personal preference (Nesta res e l al. . 1996). 

On Ihe olher ham!. processi ng methuds. such as peeling, bo il ing. bak ing, microwave and presslI\'e 

(,)llki ng are Illd\ enhance the nutri tional qua lity or food by red ucing or destroy in g the ant i­

IlUll' ienlS present in it. as well as increas ing the digestibi lity of prote ins and starches (Bhandari 

and I<.awabata, 2006). Elimination or inactivati on of ant i-nutrit iona l compounds is abso lutely 

necessary to improve the nutritional quality, and effect ive ly util ize human food s to their full 

potent ia!. Process ing generally inacti vates heat-sensit ive factors such as enzyme inhibitors, 

lectins and vo lalile compou nds (E I-N iely. 2007). Excess ive heat process ing, however, should be 

a\llidcd. s ince il adve rsely affects the pro tei n quality of foods. It is the refore important that 

process ing is dune within the recom mended guidelines e.g. for heat. pi!. as over process ing \\ ill 

rurther destroy not on ly nutrient conten t but also taste and appearan ce (Murris el (Ii .. l UO-iJ. 
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2.11. S\.' Jl sor~ l'\ "Illation 

I agel her \\ ith the nutritio nal and alllinu trit ional ana lysis o f a product it is impo rtant to co nduct 

sensory evaluation as the sensory propert ies of a food produ ct are im portant determinants of its 

acceptabi li ty, and prefe rence among consumer. Sensory eva luation is defined as a sc ielllilie 

appl ication used to evoke, measure, an a lyze, and interpret responses to food attri butes or 

characteristi cs as Ihey are perce ived th rough a pe rson's sense o f s ight, sme ll , hearing, touch, and 

!cI sl(' in formi ng a I(lOd perception (Stone and Side l, 1993). 

Sensory methods were ma inl y deve loped for econom ica l reaso ns because they all ow to ,et up 

values of acce ptance fo r any given food. Senso ry ana lys is methods are used in qua li ty control. 

product development, and resea rch (compare defferent process ing methods , erlCet 01" tillle alld 

temperature on a given product) and development applicat ions. The prima ry goal of sensory 

,,,I,ll),,, I, tn conduel valid and reliab le tests in producing data for which important. and sound 

(IeCI' I"n S can be made (Meilgaard el al .. 1999). For product d ifferentiat ion seve ra l sensory 

eva luation tests are a lso used. The two prima ry a reas of sensory ana lys is are anal ytical and 

affective tests (Lawless and Heymann. 1999). Analyti cal tests a re compr ised of d iscrimination 

tests (pai red-comparison, tr ia ll g le, and duo-trio), th resho ld de termi nati ons. and desc "ipli ve 

analysi s. Affective tests are c lass ified unde r two categori es: qua lita t ive tes ts (focll s grou ps, focus 

I'allels. and one-O ll-o lle inte rviews) and quantitat ive tests (prefere nce tests and accep tance test s) 

( fVkilgaard el a/.. 1999). 

The paired-colllpa ri so n test is a di serilll ination test o f two salllp ies in which subject 10 deterllline 

d iffe rences or pre ferences between two salll pies that has higher des ired cha racterist ic by c irc lin g 

or se lec ting the ir cho ice us ing a scoreca rd or ba ll ot. These d iffe rences lll ay be di recti onal or non­

directional. Non-direct io nal test requires the conSUlll er to indicate whi ch 0 1" the tlVO coded 

"Impics prckrred. Non dircetiona l lests are two-sided (two-tailed tests). The key advantage or 

using the paired-colll parison test is its simple testin g methodology; the test is easy to imp lement 

and organ ize. for the samp les are served s imul taneously and the subject can make a qui ck 

deci s ion. However. a d isti nct drawback to using th e pa ired-compariso n test is the diffi culty of 

spec ify ing the di fference or hav ing the confidence in the subjects' unde rstand ing o r the 

cliaractc ri stic being eval uated (S to ne and Side l, 1993). 
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Chapter 3 

Methods an d Materials 

J. I. Description of sampling sites 

Anchote tube r sa mples were collected I·j·om Hara, Wayu kumba and Wayu kil tu ke be les l'o und in 

.iimma Ario di strict, Eastern Wol lega Zone ofOrom ia Reg ional State (F igu rc 3. 1). J imma Aria 

di str ict is bordered on the south west by th e Didessa Ri ver whi ch separates it from th e Illu babor 

/ ""C. on the l1 ortll\vest by Di ga I,eka. o n the no rtheast by G uto Wayu, and on the so utheast by 

""I ll! I<umba . .iilllilla ario d istrict is 378 km to the west o f Addi s Ababa and 48 km away Ii'o m 

the lOna l capital. Nekcmtc . T he administrat ive c ity of the District is known as Aljo. 

Accord in g to the census report 0 1' CSA (2005). the populat ion o f .Iima Aljo is 91.459. with an 

est imated area of 74 1.4 1 square k il ometers. The area is located at an a ltitud inal ranges !i'om 

12(JO·28 16 mcters abo ve sea level. rhe a rea like most parts of the co un try has two peri ods of 

1111.1]1: II", "I);g" "lid ""mill " railb oj .i unc to September and Ma rch to April. respect ively. 

t\:t.:L' I \ lil g all average annllal railll ~\11 that ranges from 824-2616 mm. The average annllal 

tem pelatu re ranges Ij'OIn 18·26 Dc. 

Agl icultu le (crop cultivat io n an d rearing o r livestock) is th e leading eco nom ic ac ti vity in the 

di stri ct. The l'ood crops c ul t ivated in the di strict are cereals (sorgh um, barley. te fr. mai ze. and 

lingc l milkl) . pul ses (peas, beans, and nug), root and tubel ClOpS (A nchote, a roma potatoe and 

;-.\\ l:cl polutoc). fruits (Iillle. orange, mango. avocado, banana, papaya, and pu mpkin). spices 

(cardamom . long peppe r. ch il ies. an d g inger). vegeta bles (ca bbage and mustard seed). In 

add ition. rearin g o f li vestoc k such as catt le, shee p, chi cken and do nkeys, are comm on. 
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addition, reanng of livestock such as cattle, sheep, chicken and donkeys, are common. 

East WoBegn Zone -
- -
-

... 

--

J ima Arjo District 

Source: Oromia Finance and Economic Development Bureau 

Figure: 3.1. Map of Ethiopia and location of sampling sites. 
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3.2. Diag nostic s u rvey fo r data collection 

Sem i-stru ctu red questi onna ire was prepared and used to interv iew co ll ect data from th e 

res pondents. Twenty two respondents were selected purpose fu ll y . Among them, twe lve 

res ponde nts we re la rm ers who cult ivate Anchote, s ix respondents were expe rti se who possesses 

kn owledge in the product ion, marketing and consumption of Anchote, and four respo ndents we re 

Anchote processors. The centra l theme o f the interview was to gather prior inform ation about 

product ion , hand li ng, process ing, and ut ilizat io n of Anchote. The initi a l survey data lead the 

expe rimenter to have bas ic inform at io n as to where Anchote is produced and to fi x sampling 

si l c~. 

3.3. Selecti on of sa mpling s ites 

Pre liminary survey was co nducted to assess the prod uction of Anchote in I~a st Wo ll ega Zone. 

prior to sam pling. East Wo ll ega Zo ne was chosen pu rposeful ly fo r reason s of access ibil ity and as 

an area potenti a l A nchote production. Fo ur di stri cts namely S ibu S ire, Jim a Alj o, Wayu Tuka 

and Limu a re known as most producers and use rs of Anchote in the zone. Among these d istricts, 

J im3 Aljo d istr ict was rando mly se lected for the survey stud y and Anchote sample collection 

area. In .lima Arjo d istri ct, twe lve Anchote produc ing kebe les : I-l in c, La lo, Hara Keku , Ha ra. 

Tibbc Caffe . Tibe Kusaye, Wayu Ku mba, Wayu Kiltu, Jamo G iros, Ja rso Ga rb i, Asandabo, and 

Jamo Gamba la were se lected purposefull y as maj or producers of Anchote. Among the tweleve 

Anchote prod uci ng kebeles, th ree kebe les were ( I-la ra, Wayu Kumba and Wayu Ki ltu ) random l) 

se lected . Forty seven (twe lve. s ixteen and nineteen in Hara, Wayu k il tu, and Wayu kum ba 

kcbe les. respec ti ve ly) A nchote prod uci ng and marketin g twice per week ho useho lds we re 

pur!,,)scl) selected I'rom th e 12 ke belcs. Among the fo rty seve n purpose ly se lected Anchote 

prod ucing larmers, 12 (three, fo ur and five in Hara, Wayu kiltu , and Wayu kumba kebe lcs. 

respective ly) were rando mly selected and considered samp li ng units. About 12 kg Anchote 

samples were rand ollll y coll ected frolll th e salllpling units (households). 

3 . .J . Expe ri me ntal s tudy setting 

A labormo ry based expcrilll ent was conducted at the laboratories of Wo ll ega Uni vers ity, AA U, 

EII N RI. Food Scicnce and Nutrit ion Progralll and Chemi stry Department of Sc ience Facu lty 

(AA U) hosted the ex pe rim ent to determin e th e vari ati on in gross composition and nutr it iona l 

content s. The ex peri ment was conducted on raw, boi led Anchote after peeling, and bo iled 
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Anchote before pee ling fo r anal ys is o f nutritional composition and antinutritional fac tors o f the 

tubcr. Whereas, the sensory eva luation was conducted to determine preference of consumers for 

taste of boiled Anchote afte r peeling and boi led Anchote before peel ing. Sample preparation, 

moi stLll"e contcn t detcrminati on and scnsory cvaluati on was conducted in the laboratory of 

V,:oll cga Un ivc rsity. in Food Science and Bio-process ing Technology Institute. Anti-nutritional 

lactors analys is was carri ed out in Ethiopian Health and Nutrition Research institu te laboratory. 

All nutritional and antinutrit ional ana lysis were carried out in trip li cate 

3.5. Sample collection and preparation 

A tota l of about 12 kilograms apparentl y uninfected Anchote were collected from the randoml y 

selected households (I kil ogram per house hold) of stud y site (Hara, Wayu kumba and Way u 

"iltu kcbdes). rhe sampl es we re packed in polye th ylene bags. kept in an ice box (to prevent 

moisture loss ), and transported to Food Science and Bioprocess Technology Institute Research 

laboratory ofWollega Un ivers ity within three hours. Once in the laboratory, samples were mi xed 

fo r compos ite ana lysis of the stud y variables and washed by clean water all together. The washed 

tu bcr was grouped in to two scctions of nine kilograms fo r the first section and three kilograms 

for Ll lC second section. The first sl;: t;l iOIl was lIsed for nutritional and anti -nutritional analysis, 

whercas thc second section was used to r sensory anal ys is. 

The first section was grouped into three lots of three kilograms each. The first lot was used lo r 

analys is as raw. The raw sample was s li ced to uniform th ickness 5 mm using a stainless steel knife . 

The second lot was used as boi led after peeling. The tuber was pee led ( i. e. removal of the outer 

skin ) II ith stainless stec l knife. and boiled in traditional pot (loca ll y known as Tuwc). containi ng 

tap lIater ill Ihe ralio 01· 1:2 (w/v) lor abo lltlhree to three and half hours until they became sott when 

le lt betwcen the fin gers. Time of boiling was obtained average from intervi ewing Anchote 

processors, and excess water was drained off as is the usual household pract ice. After treatment 

the hot sample were exposed to the air fo r about 10 minutes to allow surface water to evaporate 

(Bhandari and Kawabata, 2004), the sample was sli ced to uniform thi ckness 5 mm usi ng a 

stainless sleet Kni lc. 

I he third lot ",as served as boiled bc lo re peeling. The washcd tuber was boiled in trad itional pot 

containing water in the ra tio of 1:2 (IV/ V) , lor abollt three to thrce and hair hOll rs unti l thc) bccalne 
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sofien and the excess water then drained off, and peeled w ith stainl ess stee l knife. Then the 

samp le was s liced to uni fo rm thickness 5 mm usi ng a stainless stee l knife. 

Moi sture content of each lot was determined immediately afte r each lot was s li ced into pieces. 

1' 01' other nut ritio nal and antinutri tional analyses, each of the three lot (contro l or raw, boiled 

a lkr peeling, and boiled bclore pee ling) of samples were dried at a time in oven (Ga ll enkamp 

Hotbox Oven, s ize 2, Ga llenkamp, UK) at 60°C for 72 hours. Each dried samp les were mill ed 

into line powder us ing e lectri c grinde r (N IM A-8300 Bunnan, Germany) until to pass through 

0.425 mm sieve mesh s ize, and finally packed into airtight polyethylene plastic bags to minimi Le 

heat huild -li p. ke pt in iee box and transported to Addi s Ababa University, and stored in the 

dL.) i (c~l tor unlil required I{)J' al1al)'si~ . 

The second section 0[' the samples used for sensory analys is was gro uped into two lots of one 

and hall' kilog ram s each. T he l'irst lot was used for sensory anal ysis as boiled after peeling. The 

was hed tuber was pee led (i.e. removal o f the outer skin) with stai nl ess stee l knife, and bo il ed in 

traditional pot co nta ining tap water in the ratio of' 1:2 (w/v) for about three to three and half holll's. 

and excess ,., ater was d ra ined off as is the usua l household practice. T he boiled tuber was s liced 

to ,,, ,ilaI'm thi ckness 50 cm using a sta inless steel kn ife. 

The second lot was served for sensory eva luation as boi led before pee ling. The washed tuber was 

boiled in tradit ional pot conta ining tap water in the ratio of 1:2 (w/v ), for about three to th ree and half 

hours and the excess water then dra ined off. and peeled w ith stainless steel knife. The boil ed 

tuber '"'' peeled and s liced to uniform thi ckness 50 em us ing a sta inless steel knife . Then, both 

!\ne hote tLlbers \\cre evaluated by filly consumers of the stud ents and s taffs o f Food Sciences 

and Hioprocess Techno logy Institute at Wollega Uni vers ity. 

3.6. Proximate analysis 

3.6.1. Determination of moisture content 

The moi sture co ntent of the Anchote sa mpl es was determined according to AOAC (2000) sub 

componcnt 925.09 by oven dry ing method. The eq uipm ents used for moisture ana lys is are shown 

ill I\ppcnde., I. 

A c lcan empty aluminum d ishes, and its lid s (made of porcelain) were dried in drying oven 

(J)I-IG- 9055A) at 100 DC for I hour. and cooled in desiccator (CSN-S IMAX) with fre sh granu la r 
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silica gel desiccants for about 30 (m in ). and we ighed. The samples preparcd for each treatment 

(raw or control, boiled after pee ling, and bo il ed before peelin g) in triplicates we re mi x~d 

thmoughl y. and abo ut 5.000g of Anchote samples were we ighed in triplicate. The dishes and 

Iheir contclll s wcre placed in the drying oven, and dried for 3 hr at 105 °C. After drying, the 

samples we re cooled in a desiccators fo r 30m in , and reweighed until constant weight obtai ned. 

I h~ amOu lll 01' water lost from the sample was considered to be direct ly proportional to the loss 

or weight uue to drying of the sample. The amount of moisture was ca lcu lated by using the 

lollowing formula , and the result was shown in Table 4.1. 

W - W, 
I ._ • x 100 
W, 

3.6.2. Determination of crude protein content 

Where : 

W, = Weight or ti-esh sample 

W, = Weight of dry sample 

The Protein content of the Anchote samples were determined accord ing to AOAC (2000) sub 

component 979.09 by the Kjcldahl method in which digestion, di still ation and titratio:1 was 

ill\ 0/\ ~d. The cquipments used k'r moisture analys is are shown in Appendcx I. 

About O. 5000g o r Anehote samples 01' each treatment in triplicates were taken in a Tecator tube . 

and 6ml o l'ac id mi xture o f' concentrated ortho-phosphoric acid , and concentra ted sull 'uric acid (5 

parts or concentrated ortho-phosphoric acid. and 100 parts of concentrated sulfllric acid) was 

added and mixed thoro ughl y. And then. 3.5 ml of 30% hydrogen peroxide was added step by 

stcp. /\ s soon as the violet reaction had ceased. the tubes were shaken fo r a few minutes, and 

placed back inlo the rack. i\ 3.0000g of the catalyst mixture (ground 0.5000g or copper sulfate 

I I ith 100 g 01' potass ium sulf~llc) was added into each tube. and allowed to stand for abou t 10 min 

belore digestion . The mi xtu re was digested in the digester stovc (HYP-I 008 eight holes) at 370 

°c fOI 4h rs. The di gestion was con tinued for about I hr until a clear so lu tion was obtained. The 

tubes in the rack was transrerred into the fum e hood for coo ling, a 15ml or di stilled water was 

added 10 dissolve the precipitate and to avoid rurther precipitat ion ofsul l'ate in the solution . 

. \ 25 0ml ellilical Ilask containing 25 ml 01' the boric ac id-indicator so lution was placed under the 

condenser or the di stiller (KDN-102r. nitrogen analyze r di stillation dcviee) with its tips 

im mersed inlo the so lution . The digested and dilu ted so lu tion was transferred into the " "np le 
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compartment o r the di sti ller. The tubes were rinsed with two po rtions of about 5ml di still er 

water, and the rinses we re added into the so lut ion. A 25 ml of 40% sod ium hydroxide so lution 

was added into the compartment, and washed down with a sma ll amount of wate r, and the steam 

S\\i tched on. A 100mi so lution of the sample was di sti lled. and then the receiver was lowered so 

that the tip of the condcnse r is above the sur face of the distill ate. The di stillation was continued 

until a tota l vo lume of 150ml is collected. The tip was rinsed with a few milliliter of distill ed 

watcr be rare the rece ive r was rcmoved. 

The distillated so lution was tit rated with O. IN hydrochloric ac id to a reddi sh color, and the 

amount of hyd rochloric acid was reco rdcd. The amo unt of protein was ca lcu lated by us ing the 

tull"" Jng 1l)'lllula. :lnd the result is sho wn in Table 4 .1. 

mg nitrogcn in the sample = VxNx 14 

g nitrogen/ I 00 g sample =mg of nitrogenx I OO/mg sample 

Total nitrogen (g/ I OOg) = (V- Vb) xNx 14JW 

I Crude protein (gil OOg) = total nitrogen (g/ I OOg) x6.25 

Where: V: vol ume (m l) of hydrochloric acid solution requ ired for the test sample: Vb: the 

vo lume (m l) of hyd roch loric acid solution req uired fo r the blank test; N: normal ity o r 

hydrochloric ac id: 14: Equivalent we ight of ni trogen; 6.25: conversion factor for tuber from total 

nitrogctl to crude prote in : 'IN: \\ eight ora sample. 

3.0.3. Determination of tota l as h content 

The Protein content of the Anchote samples was dete rmined acco rding to AOAC (2000) sub 

component 979.09 by oven drying method . The equipments used for moisture anal ys is are sho wn 

in Appendex I. 

! utal ash con ten t ;\nchote samples were determined accord ing to AO;\C (2000) using ;,ub 

component 'in.O] by incinerat ion of known we ights of the samples in a muffle furnace 

(Carbolite CSI· 12(0) at 550°C until a white ash was obta ined . The Equipments and Ana lyti ca l 

Reagen t-Grade Chemical s Llsed are shown in Appendix I. 
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About 2.000g or Anchote samp les of each treatment (Raw or control, boi led after pee ling and 

boiled before peeling) in trip li cates we re added into each dish. The d ishes were placed on a hot 

pla te under a fume hood , and the temperature was s lowly increased until smoking ceases, and the 

samples become thorough ly charred. The charred samples were placed inside the Muffle Furnace 

(Carbolit~ csr: 12(0). and as hed at 550°C for 3 hrs. The charred sampl es we re removed from a 

r- Iurl lc I· urnace and cooled. seen to be clean and white in appea rance. Few drops of de-ioni z~d 

water and concentrated nitric acid were added, dried , and retu rn to a Muflk I:urnace. I · h ~ n 

checked until traces of ca rbon are fully ashed. Fina ll y taken out of the Muffle Furnace placing 

immediately in a des iccators till coo led to room temperature, and each di sh plus ash was 

rClleighcd. Weight of total ash was calculated by difference, and expressed as percentage of 

sampic . I h~ amou l1l of total ash was calculatcd by using the fo ll owing formu la. and the result is 

silown in I able ~.I. 

W.- W 
Tala I A sh (gil ~Og) = - -'- --' x 100 

W, - W, 

3.6.4. Delerminat ion of crude fiber content 

Where: 

W, = Weight of the di sh 

W, = Weight of fresh sample and dish· 

W, = Weight of ash and di sh 

Crudc liber content Anchote samples were determined according to AOAC (2000) using sub 

component 962.09 in wh ich the steps of digestion , fi ltration. washing, dry ing and combu stion 

we re involved. The Equipments and Analyti cal Reagent-Grade Chemicals used are shown in 

Appendix I. 

AbuUI 1. 5000g of I\nchotc samples of each treatment (raw or control. bo iled after pee li ng, ~lIld 

boi kd bclore peeling) in triplicates we re placed into a 600m l beaker, and about 200ml of 1.25% 

II ,SO" was added, and bo il ed gently exactl y for 30 minutes plac ing a wa tch glass over the mouth 

of the beaker. During bo il ing. the level of the sample so lution was kept constant with hot 

dist illcd water. Artcr 30 minute boiling, 20ml o f 28% KO H was added and boiled gentl y for a 

i"urther 30 minute. II ith occasiona l stirri ng. 

I he bOIlOI11 oi" a s intercd glass crucible was covered with 10 111m sand layer. and welled with a 

lillie di sti lled lIal~r. Th~ so luti on waS poured 11·0111 beaker into s in tered glass crucible. and th ~n 

·14 



the ,aclium pump was turned on. The wall of the beaker was rinsed with hot dist ill ed water 

severaltil11es; wash ings we re transferred to crucibl e, and fi ltered 

The res id ue in the cruc ib le was washed with hot distilled water, and filtered (repeated twice). 

'f he res idue was washed with 1% l-hSO" and filtered, and then washed with hot disti ll ed Water. 

and fil tered: and agai n was hed with 1% NaO H and fi ltered. The resid ue was washed with hot 

distilled ,·vat er and liltered and aga in washed with 1% 1-1 2SO" and fi ltered. Fina ll y the res idue was 

washed with water- free aceton e. 

The crucible with its content was dri ed lo r 2 hours in an electric dryi ng oven at 130 °C and 

cooled lo r 30 min in the Desiccator (with fres h granu lar silica ge l dess icant). and then Weighed. 

The cruc ible was tra nsferred to a Muffl e Furnace (Ga ll enkamp. s ize 3) and inc inerated fo r 30 

" mill at 550 C. I:inally. it was cooled in the Desiccators. and re-weighed . The crude I'iber content 

lias determ ined by uSing the following fo rmula, and the result is shown in Tab le 4.1. 

_ W,- W, 
Crudc libe l' (g/ I ~Og) = - - - - - x 100 

W3 

3.6.5. Determinat ion of crucic' fat content 

Where: 

W I = weight of (crucible + sample) afte r drying 

W2 = we ight of (crucib le + sample) after ashin g 

W3 = we igh t of sample 

['he erucle I,ll contcnt of Anchote sa mples were dete rm ined accordin g to AOAC (2000) officia l 

usi ng sub component 920.39 in a sox hlet extractor. The Eq ui pments and Analyti cal Reagent­

Grade Chcm icals used are shown in Appendi x I. 

The cleaned extract ion flasks with boil ing chips were dried In Oven Drying (DHG-9055A) at 

'JO"e lo r I hour. coo led in desiccators (wi th granular silica ge l desiccants) fo r 30 minutes, and 

then wc ighcd. The bOllom of the extract ion th imble was covered with abo ut 2cm layer of fill liTe 

colion. About 2.0000g of Anchote samp les of each treatmen t (Raw or control. boiled a fter 

peeling, and boiled befo re peel ing) in trip li cates were added in to the extraction thim bles. and 

then covered with about 2cm layer of fat free Cotton. The th imb les with the sample content we re 

placed into Sox hlet (SHANG HAI Q IANJ IAN INSTRUMENT CO., LTD) extracti on chamber. 

l'lle' cUlllil'g li nter \V as SI·' itched on. and a 50 III I 01' Diethyl Ether was added to the extraction 

11,,, 1< lli l'<lu"h till' condenser. I'he eXlrac ti on IVas cond ucted for abo ut 3 hI'S. The extraction Ilasks 
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\\ illl tllc ir CO ll tCllt \\ cre removed from the ex traction chamber and placed in the drying oven at 

90"C 1<1I' about 301ll in . cooled to room temperature in the Desiccato r for about 30 minutes and re­

we ighed the fl ask with the extract. The amount of crude fat was calculated by us ing Ihe 

following formula, and the result is shown in Table 4.1. 

Weight of fat (W r) = W,, ·· W. 

. r Wr 
Crude lal (g/ I OOg) = - X 100 

W 

Where: 

Wa = weight of extraction Ilask afier ex traction; 

Wb = weight of ex traction flask before cx tranion: 

W = weight of samp le. 

3.6.6. Determination of utilizable carbohydrates 

I [iii/able C lrbol"d rate content was calcu lated by difference. The mathematical expression is as 

(( , II()lI. and the result is shown in Table: 4.1. 

Uti lizable Carbohydrate (gil ~Og) = 100 - (% moisture + % crude protei n -I- % crude nber l % 

tota l ash4 % crude fat ). 

3.6.7. Dete r mination of gross energy 

I he " ross 1Ilcrgy con tent was determined by calcu lation from fat, carbohydrate and protein 

con lent s using Ihe Alwaler' s conversion factors; 16.7 kJ /g (4kca l/g) fo r protein , 37.4 kJ /g (9 

kca l/g) 1'01' fal and 16.7 kJ /g (4 kcal /g) for carbohydrates and expressed in ca lories (Guyot el u/ .• 

2007). The mathematical express ion of Gross Energy is as follow, and the resu lt is sho wn in 

Table 4. 1. 

<. j ro~:; energ) (Kcal / 1{JO g) (9 * crude fat %) ·1 (4 * crucle prote in %) j (4 * utilizab le 

carboh) drale %). 
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3.7. Mi ncrals Ana lys is 

3.7.1. Determination of calcium, iron , magnesium and zinc 

Calciul11. iron. magnesium. and zinc were determ ined accord ing to the standard method 0 1' 

AOA C (2000) using an Atom ic Absorpt ion Spectrophotometer (Varian Spectr AA. 20 plus). The 

equipments and analytica l reagent-grade chemicals used are shown in Appendi x I. 

The \\ashed silica d ishes were placed in to Drying Oven at 90°c fori 5 min . The di shes were then 

rc ll1u \ cd. and cooled down in des iccators fo r abo ut 30 minutes. when cookd to room 

temperat urc we ighed. I\bout 2.000 g of Anehote samples of each treatment (Raw or control. 

boiled after pee ling. and boiled befo re peeling) (in triplicate) were we ighed in to each di sh. then 

placed on a hot plate under a fume-hood in slowly increasing temperature until smoking ceases. 

When th e samples beco me thorough ly charred, the dishes then placed in a Mume Fu rnace, as 

ncar to centre as possi ble and ashed at 550°C. The di shes were removed from a muffle furnace. 

couled. seen to be clean , and wiIi te in appearance. Few drops 01· de-ioni zed water and 

concentrated nitric acid were added. dried , and return to a Mufile Furnace. Then checked until 

traces of ca rbon are fu ll y ashed. Finally taken out of the mufile fu rnacc placing im med iately in a 

desiccators till cooled to rOOm temperatu re. 

rhe ash each samp le was digested with 5 ml of 6 M HCI to wet it completel y and eare llJ!l y dried 

on " 1(\\1 temperatu re hotpl ate. 7 ml of 3 M HCI were added and the di sh was heated on a hot 

pl:llc ulltil tile , o lu ti on just boil s. Then it has been coo led, and filtered th rough a Whatman no. I 

Ii Iter paper in to a 50 ml vo lumetric flask retai ning as much of the so lids as possible in the di sh. 

Again 7 ml 3 M HCI was added to the di shes, and heat until the so lu tion just boils. Then. coo led 

and liltered in to the vo lumetric flask. The di shes were then washed wi th water. and filt ered in to 

the vo lumetric nask. The fi lter paper was washed thoroughl y and co ll ected in the nask. Since 

ca lcium is to be detc rlllined 2.5 Illi or 10 % Lanthanum chloride so lu tion were added to the fl ask. 

I lila II) . dilutcd to the mark (50 ml ) with li'eshl y de-ionized water. The blank were prepared a 

blank by taking the same amount of reagents through a ll steps. 

The stock standard solutions of minerals (z inc. calc iulll iron , and magnesium) were Jiluted 1·1 ith 

0.1 N Il el to concentrations tha t ([ti l within the wo rking range (0.5. 1.0. 2. 0. and 4.0 flg/ml ro r 

cki l"l' :""Ii< ,i,· n 5. 1.0. 1.5. :md 1.0 Ilg/mi l'or iron analysis: 0.25 . 0.50. 0.75 and 1.50 fl glJ nl 
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Il,,· magnes ium analys is: 0. 10. 0.20. OAO, and 0.80 ~lg/ml for zinc ana lys is). The Atomic 

Absorpt ion Spectrophotometer used for mineral determination was calibrated usi ng standard 

so lutions and thc reagent blank so lu ti on was run with the sample. 

The apparatus we re set according to the instructions, and a ca li brat ion curve was prepared by 

plolt ing the absorption va lues aga inst the metal concentration in fl g/ml (Appendex II , III , IV , and 

V) . Read ing was take n from the graph. whi ch depicted the metal concentrations that correspond 

to thc absorpti on values of the samples. and the blank . The metal contents were ca lculated by 

u,ing the 1l,lIn\\ ing Ic,rlll ula . and the resul t is shown in Table 4.2. 

(A - B)xV 
Meta l content (Ill g/l OOg) = -'---'--­

lOW 

3.7.2. Dctermination of phosphorus 

Where: 

W = wight of the sample (g) 

V = vo lume of the ex tract (ml) 

A = concentration (pg/llll ) of samp le sol ution 

B = concentration (pg/ml ) of blank so lution 

Phosphorous was determ ined by the co lorillletric method (Co lorimete r SP 20, Bausch and I"alll b) 

using Aillmoniaum Molybdate (AOAC 1984). It was converted to phosphomolybdate. whic h 

was reduced to a blue molybdenum compound by aminonaphtholsulphonic acid to give a blue 

mol) bdcnum cOIllPound . The Equ ipments and Analyti cal Reagent-Grade Chemica ls used are 

,11"'\11 111 Appcndix I. 

About I ml of the clear extract so lution was taken from the sampl e so lution prepared from 

mincral anal ys is (determination of Ca, Fe, Mg and Zn) and dilu ted to 100 ml with deioni zcd 

water in a 100 ml vo lumetric fl as k. /\ 5ml (tripli cates) of the sample dilution was added into test 

tu bes. A O.5ml o f' molybdate and a 0.201ll1 aminonaphtholsulphonic ac id was added into the test 

tube (sampl e solu ti on) and mi xed tho roughl y step by step. A 0.20ml aminonaphtho lsulphonic 

acid was ad(kd into the test tube repeated ly eaeh time until the solution becomes clear. The 

so lution was all owed to stand for 10 minute. The absorbance of the so lution was measured at 660 

nm aga inst di still ed water. Simu ltaneously with sample phosphorous. standard and blank 

analys is we re ca rri ed out. Standard and blank so lutions were prepared as above but 5 ml o f 

\\()rkinl-' standard (rcading A) and S ml of deioni zed lVater (readi ng B) in pl ace of' the sample 

dil ution \\cre used respectively. A standard curve was made ['rom absorbance versus 
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.:O!lCenlra li" " (,\ ppendex VI). The phosphorus contents were ca lcu lated by using the fo ll owing 

iC>rIllu la. and the result is shown in Tab le 4.2. 

(A -B)x50x 100 
I'hosphorus (mg/ I OOg) = 

SlopexWrx lO 

Where : 

A = read ing of the sample so lution 

B = read ing of the blank so lut ion · 

W, = we ight of sample. 

The molybdate reage nt was prepared by tak ing 75ml of ION H2SO" in a 250 ml vo lumetri c fl ask 

and di sso lving 6.25g of ammon iu m mo lybdate in a beaker in about 50ml of water and then 

transferring the beaker so lu tion into vo lumetric fl ask. The aminonaphthol sulphon ie acid reagent 

was prepared by disso lvi ng 100mg of I, 2, 4 ami nonaphtholsulphonic ac id in 39 ml of sod ium 

hi , ulph rte solu ti on. :lIrd then add ing I ml of sodi um sulphite so lution. A 15% sod ium bisulph ite 

,lfle1 .2 (),~·o , od iu m sulphite solutron was prepared by dissolv ing 7.5g sodium bisul phate in 50ml of 

lIa ter and 2g sodium sulph ite in 10mi o f water respect ive ly. The standa rd phosph rus so lution 

was prepared by di sso lv ing 438.8 mg of KI-12P04 (water fi·ee) in some water in a I aOrn l 

vo lu metric flask. adding I ml concen trated H, SO" and diluting to the mark with water. I he 

standard curve was made by taking 0.1,0.2, 0.4, 0.6,0.8 and 1.0m l of the standard so lution and 

diluting to 100m!. 

3.11. Ana lysis of antinu .. ritional factors 

3.8.1. Determination of phytatc content 

Phytate was determined by the method of Latta and Esk in ( 1980) and later mod ified by Var, traub 

and La pteva ( 1988). The Equ ipments and Analyti cal Reagent-G rade Chemical s used are shown 

in ,,\ ppcndi.'\ 1. 

j\ !1out 0.1 OOOg of !\nchote samples of each treatment (Raw or control , boiled ancr peeling, and 

boi led before peel ing) were extracted with 10mi 2.4% HCI in a mechanica l shaker (Eberbach) 

lo r I hour at an ambien t temperature and centrifuged at 3000rpm for 30 minute. The clea r 

supernatant was used l'o r phytate estimation. A 21111 of wade reagent (containi ng 0.03% so lu tion 

of FcC" .6 H20 and 0. 3% of sulfosali cili c ac id in water) was added to 3111 1 of the sample solution 

(supernatant) and the mi ,xture was mi xed on a Vortex (Max i Max i II) lor 5 seconds. 'I he 

alNJrbancc "f the sample solutions lVere measured at 500 nm usi ng UV- VIS spectrophotometer 

(I3eckman DU-64- spectrophotometer. USA) . 

49 



\ ',c' I'IC' "I ,tallLlal'd ,o lution \\·erc prcpal'ed containing O. 4.5. 9, 18 ,27 and 36 flg!ml of phytic 

acid (anal}ti eal grade sod ium phytate) in 0.2N HCI. A 3ml of standa rd was added illlo I Sml of 

centrifuge tu bes with 3ml of water which were used as a blank. A Iml of the Wade I'eagent was 

added to each test tube and the solution was mixed on a Vortex mi xer for 5 seconds. The mi xtures 

were centr ifuged for 10 min utes and the absorbances of the so lutions (both the sample and 

' t:,nLiard) \\CI'C mcasu l'ed at SOOnm by using de ioni zed water as a blank. A standard cu rve was 

made from ab.su rbaJl cc versus concentration (Appcndex V II ) and the slope and intercept were I[sed lor 

ca lculation. The phytate content was calcu lated by using the following fo rm ula. and the resu lt is 

shown in Table 4.3. 

Phytic acid (flg! 1 OOg) = [,(absorbance - intercept)! (s lope . dens ity . weight of sample) I • { I 0!3: 

3.1> .2. Iklt'rm;"" t i"" uf phy lalc phosphorus and non-phytate phosphorus contenl 

I' h) ta lc and phosphorou s were determined by the above methods. Phytate phosphorus was 

cal culatcd by assuming 28.18% of phytate (C6P60 24 i-1I S) is phosphorus. The non-ph ywte 

phospho rus was determined li'om the difference between phytate phosphorus and 10lal 

phos phorus. whereas. the proport ion o f phosphorous as phylate was ca lculated by phytalc 

pllus phorus dc vidcd by tolal phosphorus (Khctarpaul and Sharma. 1(97). The phywle 

phllsphorlls. l!o n-pil Ylatc phosphorll s, and phosphorous as phytate contenl was calcul ated by 

using the lullowi ng [cll'Illlil a, anel the result is shown in Tab le 4.4. 

I'hytatc phosphorus (mg/l OOg) = phytale content (mg/l OOg) x 28. 18% 

Non-pil).t ale phosphorus (lllgl I00g) = Phytate phosphorus (mgl IOOg) - Total phosphorus (mgl IOOg) 

I'ilo'pilorous :IS phvlate ("'0) - Phytate phosphorus (Illg/l OOg)! Tota l phosphorus (mg/l OOg) 

3.8.3. Determ inat ion of oxa late content 

Oxa late was anal yzed using the method ori gi nal ly emp loyed by Ukpabi and Ej idoh ( 1989) in 

whi ch the procedures invo lve three steps: digestion , prec ipitat ion , and penn anganate titrat ion. 

The [qu ipmcnts and Ana lyti ca l Reage nt-Grade Chemica ls used are shown in Appendi x I. 

,\11",,[ ~'.() () O ~ or Anchole samp les of each Irea lment (Raw or cont rol, boi led after pee lin g. and 

boi led bclc)re peeli ng) in Irip li cates wcre suspended in 190 ml dc- ion ized water con tai neu in a 
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2:i0 ml , '" Iu melri c Il ask: 10 ml 01'6 M I·ICI was add ed and the suspens ion di gested al the boi lin g 

I,,,inl"!' ""ter lo r I h thm followed by coo ling. Then mad e up to 250 ml and filtered. 

Duplicate portion of 125 m l of tilt rate were measured in to a beaker and four d rop s of meth yl red 

indi ca lor added, fo llowed by the addi t ion of co ncentrated N I-L,OI-l so lution drop w ise unt il the 

test so lution cha nges from sa lmon pink co lor to faint ye ll ow co lor (pl-l 4-4.5). Each portion was 

Ihen heated to 90 °C, coo led a nd fi ltered to remove precipitate co ntaining ferrou s ion. The filt ra te 

was the n aga in heated to 90 °c and 10 ml of 5 % CaC!, so lut ion was then add ed w hile being 

stirred co nstant ly. Aner heati ng it was coo led and left overni ght in ref ri gerator. The solut ion was 

then centri fuged at a speed of 2500 rpm for 5 m in the supe rnatan t was decanted an d thc 

precip itate comp lete ly disso lved in 10 m l of20 % (v/v) 1-i 2S0 4 so lution . 

;\ t this point the total tiltrate resu lt in g from di gest ion of 2 g of flour was mad e up to 300 ml. 

aliquots ur 125 ml uf fil trate were heated unt il near boi ling, and then titrated aga inst 0.05 M 

sta ndard KMnO, solut ion to a lilint pink colo r whi ch persists for 30 second s. T he oxalate co ntent 

was calcu lated by using the following formula, and the result is shown in Table 4.3. 

Oxalate (mg/ I OOg) ~ [(T * V, * Dr * 105
) ) / (V2)*W) 

Where: T ", N ormality of Potassiulll penn anganate; V,~ Vo lume of Potass ium pe rman ba nate 

(titrant) : D,. the dilu t ion fa ctor wh ich is 26 .8; V2 ~ Volu me of ex tract oxalate (titrand) and 

W " Weight or sam pl e (g). 

Afte r anal ysis o f ph ytate and oxa late th e molar rat io of phytate and oxa late to cal c ium , z inc and 

iron were calculated to eva luate th e e ffect of e levated leve ls of ph ytate and oxa late in the 

bioavail ab ility of dietary min era ls. As th e ratios are the better ind icato rs of the bioavai lab ility 

than the amount s or the mine ral and the phyti c acid in the diet (Omoruyi el ai. , 2007). 

J.NA. Dete r mination of condensed tannin content 

Tannin co ntcnt was determined by the method or Burns ( 197 1) as modifi ed by Maxson and 

Roon ey ( 1972). T he Equipments and Ana lyt ical Reagent-Grade C hemica ls used a re show n in 

Append ix 1. 

Abo ut 2.0000g 01' Anc hote samples or each treatm ent (Raw or co ntrol , boil ed after peel ing, and 

boiled bell,re peeling) in tripl icates were we ighed in a screw cap tes t tube a nd extracted with 
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10mi of 1% II CI in methanol l'o r 24 hours at room temperature with mechanical shaking. Alier 

24 hours shak ing, the so lu tion was centri fuged at 1000rpm for 5 minutes. 1\ Iml of supern ata nt 

was taken and mixed with 5 ml of va nillin -HCI reagent (prepared by comb ining equal volume o f 

S'}u cOllcelllrated II Cl in methano l and 4% Vanillin in methano l). 

I) ·cat'~chinlla, used as standard for condensed ta nni n determination. 1\ 40mg of 0 - ca techin lias 

wcighed and di sso lved in 1000 ml o r 1% He l in methanol, whi ch was used as stock so lution . 1\ 

O. 12, 24. 36, 48 and 60 ml of stock soluti on was taken in test tube and the vo lume of each test 

tube lias adjusted to Im l with 1% IICI in methanol. A 5ml of va nillin-II CI reagent was added 

into each test tube. 1\ fier 20 minutes , the absorbance of samp le solutions and the standard 

,,'Iution lIere measured at 500nm by using water to zero the spec trophotometer, and the 

c:tlibration curve lias constructed li'om the se ries of standard so lution. 1\ standard curvc lias 

made li'om abso rbance versus concentrati on and the slope (Ap pendex VI II ) and in tercept we re 

uscd lo r cal cul ation. The condensed tannin content was calcul ated by using the follo willg 

tormula. and the res ult is sho wn in Table 4.3. 

( 'omknsed Tannin (mgl I OOg) _ ~0~ -1\, L:.. 112~rceEt 
Slope x d x W 

3.8.5. Dc tc rmin ation of cyanide content 

Where: 

A, ~ sample absorbance 

1\, • blank absorbance 

d = Dcnsityo f so lution (0.79 1 g/tn l) 

W = We ight of sample in gram 

()'lIlicie cOlltenl o f Anchote samples were determ ined according to the orricia l standard method 

"I' 1\(Me (I <)X4) by Si lver N itrate titrimetric methods, in which thc steps of di stillation and 

titration was involved. The f:quipments and Analyti ca l Reagent-Grade Chemica ls used arc 

shown in Appendix I. 

I\bout 109 of I\ncllotc samples or each treatment (Raw or control. bo il ed alter peeling. and 

boikd beillre pee ling) in tripli cates we re we ighed in to a fl ask and soaked in 100mi or di still ed 

\\"t~r in s~pa ratc 5UO ml round bU llom fl as k for 2hr. The Kjeldahl l1ask was adjusted ber"re 

d"lillilll.'. tlie tip 01' deli,cr), tube belo\\ surface or liq uid and 100 ml di stilled IVate r IVere added. 

IllCl"calier. the mixtures in the fl ask IVere heated by Sleam di stil lation. The released cyanide was 

co ll ec ted in a conical flask contain ing ill 20 111 1 D.DIN AgN0 3 acidili ed with I 1111 conccntrated II Ntl,. 
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When the gas has passed over, th e di stillate was filtered th rough s in tered g lass c ru c ibl e and 

rin sed th e test tube w ith littl e water. T he di still ate was then t itrated agai nst excess AgN0 3 with 

0.02N KS CN, us ing ferric a lum indicator. At the end point of titration , the co lor of the indicator 

changed from red to purpl e co lor. Us ing the re lationship I ml o f 0.0 I N AgNO) = 0.27 mg of 

c\Jnidc. T he c)'lIlide con tel11 was ca lcula ted by us ing the tollow ing formula , and the res ult is 

shown in Table 4.3. 

. VAgN03 *0.27 
Cya nId e (mg/l OOg) = X 100 

W 

3.9. Sensory ana lys is 

Where: 

VA"NOJ= Volumoof s ilvelll itratC'" (20- (2' V'SC"N)) 

V Kse N = Vo lumoofpotass illlrthiocyanle consumed 

W = we ightof samp le. 

Sensory eva luati on was condu cted in Food Science and Bioprocess Techn o logy Institute 

resea rch laboratory of Wol lega Uni versi ty, Ethiopia . Boi led Anchote a fter pee ling and boiled 

Anchote befo re peeling was evaluated by fifty consumers of 29(58%) males and 2 1(42%) 

fe males participants and 49 (98%) o f the cons um ers were between th e ages o f 16-35 years. The 

consu mers were recruited from sta ff and students or Food Sc ience and Bioprocess Techn ology 

IllSI itu te at W ollega Un i versity. t::th iopia. T he general demo grap h ic quest ions and I"req uen cy oj' 

consumpti on of co nsum ers we re completed before senso ry eva luati on o f the products (Appcmkx 

IX). The y we re se lected if they indicated that they consum ed Anehote boiled before and a ft er 

peel ing at least once per month . Add itiona l criteria used to screen consumers were: no food 

a ll erg ies andlor no freq uent illness, nonsmoker, w illi ng to eva luate Anchote and ava il ab le to 

participate during the sched ul ed testing dates. 

In th e sensory evaluation sess ion , the co nsumers were seated in an open well illuminated 

laboratory and abo ut 20 grams of each two samples were presented to each consumer on a [cay at 

ambient temperature ("'25°C) w ithin 2 hI'S a fter boiling. The consum ers were asked to indica te 

whi ch of th e two coded samples taste is pre fe rred on the score ca rd (Appendex Xl. T he non­

directi" "al paired co mpari so n test. exactl y a two-s ided preference (a vers ion of' paired 

CllI1lP:ll'i so n tcst) acco rding to the " fl) rced choicc" techn ique ( ISO. 1983). w ith the questi on: "O f 

these t\\O samp les. which one do you prefer?" was carried out w ith fifty consum ers. T he sampl es 

were served with ident ical conta iner coded w ith 3-di git random numbers, ha lf of the consum ers 
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w~re as ked to taste one sample first, the others to taste it second. Necessary precauti ons we re 

taken to prevent bias of tasting by ensurin g that consum ers rinsed their mouth with water before 

and after each tast ing o f sensory eva luation. Consllmers ex pressed th e ir preference taste of th e 

boiled after peeling and bo il ed bcfo re pee ling Anchote tubers usi ng paired comparison tcst. 

3.10. Sta tistical analysis 

Nut ritional anci ant-nu trit ional anal yses were fo ll owed one way ana lys is or va ri ance (/\NOV i\ ). 

Means lVere compared us ing Duncan's mUl tiple range test (Du ncan, 1955). A ll the sta ti sti ca l 

ana lyses were perl o rm cd o n th e results obtained us ing SPSS vers ion 15.0 fo r windows. /\ Iso 

no n-d irectio nal pai red compari son t-test was used to anal yze the responses of the consumers wi th 

regard to their rre l cre nc~ taste lo r the sam ple (Roess ler el al .. 1978). Si gn il~ cance diffe rence was 

acee pt~d at th e (J .OS (1' <(J.05) level of probab ility (Steel and To rrie, 1980). 
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C hapter 4 

Result a nd Discllssion 

In thi s section , the results of the study are presented and discussed in deta il to address the 

objectives of thc research. All data obtained from analys is of dry sample are presented on fresh 

weight basis . 

.t.I. Nutrien t COlli position of raw and processed Anchote 

Nutritional value is the ma in concern whe n a crop is considered as a food source. Anchote is 

endem ic tuber crop used as a food source in parts of Western Ethiopia. The nu trient 

compositions of raw and processed Anchote tubers are presented in ·fab le 4. I . 

.t. 1.1. Moisturc content 

Moistu re content determ ination is an integral part orthe proximate composi tion anal ysis of food. 

rhe mean moisture content orthe raw Anchote was 74.93 (glIOOg), which is in agreement with 

the finding of EHN RI ( 1997) (74.S0g/l ~Og). In addition, thi s is in accordance with the findll1g of 

Fufa and Urga ( 1997) (73.00g/l ~Og) . The mean moisture content of Anchote tuber bo iled after 

and before pee ling had 81.74 (g/ IOOg) and 76.73 (g/ IOOg), respectively. The moisture content of 

Ancho te boiled arter peeling was sign ificantl y (P<O.OS) hi gher than both boiled bellJre peeling 

and raw ;\nchOle tubers. Sim ilarly, the mean moi sture content of Anchote boi led beforc peeling 

I\,IS signilicantl y (I'<O.OS) hi ghe r compared to mean raw Anchote. The moisture content was 

increased in boiled after pee li ng by 9.08% and in bo il ed before pee ling 2.4 1 % compared to raw 

tubers. The increased moisture content mi ght be due to the water absorption capac ity of fibe rs 

and other natu ral chemical components during heat treatment (A ri as e/ ClI ., 2003). 

4.1.2. Cru dl' proteill 

The Illain functions oi" proteins are growth and replacement of lost ti ssues in the human body. It 

was obse rved that the mean raw Anchote tuber contain 3.2S g/ IOOg oferude protein. The result 

in ralV Anehote is in agreement with the finding ofEI-fNRI ( 1997) (3.20 g/lOOg). Fufa and Urga 

(1997) reported the raw Anchote tuber contained 3.00 gil OOg crude protei n. The mean cruclc 

protein content of Anchote tuber bo il ed after and befo re pee ling of Anchote tuber were 2.67 

" II)( ) ~ and .1.1·1 1'.' I aUg. respecti vel). The mean eruci c protein conten t of Anchote boi led alie r 

1,'c"ling '"'' ., igllilicantl) (1'<0.05) lo\\cr than both bo il ed bclore peeling and raw Anehote 

tubers. Ncverthless. the mean crude protein content of Anchote boiled before pee ling was non 
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sign; !;,,,,,, (1' >0.05) compared to mean raw AnchOl~. I ii ,' ,ruJe protein content "as decreased in boiled ali er peel ing by 17.85% and 

in ho :k,.: "clore peeling bv 3.38% compared to ra\\ wher,. Such a reduction might have been due to protein denaturation during 

boi li,'!'. ( ,'ns istent \\ ith thi s. Ekanavake el 01 .. (2000 ) Si~,,"d that the reduction of cruclc prote in during boilin~ may be attributed to 

leac hin~ .. ,\ C\ denatu ratio n of protein caused by boiling. 

Table: ~. I. \!lean (= SE) nutri ent composition of raw and processed Anchote samples 

1 Treatm . 'v1o,sture Content i Crude Protein I Total Ash I Crude Fiber I Crude 

~ (gi l OOg) 1 (gi l OOg) (g/IOO g) I (gil OOg) 1 (gil OOg) 

Fat I Uti I izable Gross Energy , 
I 

(g/IOOg) (Kcall l00g) I 

I RW 74.93±0.345' 11 3.25 = 0.061 ' 2. 19 ", 00 14" 1 2.58 ", 0,0486 10.19 ± 0.020' 
, I 
I ' 

16.86±0.4 10a I 82.12± 1.300a 

1 J 
BA P 8 1.74 ± 0.395' I 2.67 = 0.145 1.33 ", OA06 3.7 1 ±0. 135' i 0.1 3 ± 0.017" 

Ii' 
10.42=0.3 I OC 53.48= 1.340' I 

I , 
BBP 76.73 ± 0.465" 3.14=0.187' 1.99 = 0.168' I 2.77=0,2 16" 

, 
1 0 ,14 = 0.0 10" 

I 

15.23±0.410
b 

I 75.26±2.390
b 

I i 
Means not followed by the same superscript letters in the same co lumn are significantly different (P<0.05). 

I\B. R W stands for Raw Anchote, BAP: for Boiled After Peeling and BBP: for Boiled before Peeling. 

4.1.3. Total ash 

L 
I 

J 

The mean total ash content of raw, boiled after peeling and boiled before pee ling were 2.19gIl00g, 1.33g/ 100g and 1.99g1100g, 

respect ivel y. The mean total ash content boiled afte r peeling was significantly (pGO.05) lower th an both boi led befo re peeling and raw 

Anchote tube rs. Total ash conrent is directily proportional with in organic element content of Anchote. Hence th e samp les with high 

percenlagesash contents are expected to have hogh concentrations of various mineral e lemen ts. which are advantage to speed up 

metabo lic processes and improve growth and development (Be ll o el al .. 2008). The mean total ash contem of raw Anchote was 
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e, "lIparabk 10 llie lindi ll g of hil'. and Urga ( 1997) (2.00gl1 OOg). Ho weve r. EHNRI (1997) 

reported a lesser va lue, which was 1.1 Ogll OOg. The s light d iffe rences in the total ash co ntent 

might be related to the so il types. s tage of maturity, and agro nom ic practi ces (Woolfe. 1987). In 

reference w ith the raw tubers. the total ash content of Anchote boi led after and before peeling 

decreased by 39.27'% and 9.13%. res pecti ve ly. The red uct ion of total ash may be due to leaching 

o i"tbc minera l compound and waleI' absorption durin g boiling (Lewu ef 01 .. 2009). 

-1.1.-1. Crude fibre 

rhe lood libres arc defined as the sum of non sta rchy po lysaccha rides (cell ulose, hemi ce llu loses, 

and peclic substances) and lignins. whi ch are mainly components of plant ce ll wa ll s . The mcan 

crude fibre content of raw Anchote was 2.5 8 gil OOg. The fi nd ing of Fu ra and Urga (1997) and 

1'. 1 iNRI (1<)97) in c rude fiber contelll of raw Anchote is relatively lower val ues. which is 0.60 

g i lOOg and 0.70 g/ IOOg. respectively. These variations were probab ly due to extent time oi" 

",m.ge and var iat ions in the soi ls (t)eb re and Brindza. I 996).The mean c rude fibre conten ts 01' 

bo il ed after and boiled before peeling of Anchote were 3.7 1 gi iOOg and 2.77 gil DOg. 

respecti vely. The mean crude fibe r content oi" Anchote bo iled after peeling was s i ~n ili can l l v 

(1'<0.05) hi ghe r lilan both boiled be fo re pee ling and raw Anchote tubers. The mean crude libel' 

U,lllc ll ' "I' /\nchol~ bo il ed bet()re peel ing was non s igni li cant (P>O.05) compared to me,:'l ral' 

\!!ei">I<' laki ng" ra\\ ,\Ilchote tuber as a relerence.the e ffect ofl raditional process ing nKthoJs 

.nCl"C<hed the crude libre co ntent by 43.7<)% and 7.36% in Anchote boi led arter. and belt.rc 

peeling. respecti vely. These increases could be due to the fact that as samples were subj ected to 

the boil ing. and thu s al l so luble components mi ght have lost in the process thereby increas ing tile 

crude fibre co ntents (Ah med ef ai , 20 I 0). Fibres ex h ibit beneticia l physio logical c rtects to 

human bod ). as Ihey stimulat and acee lcrat intest inal contract ion and tra ns it. and increas fe ces 

\Ol"nle (/\hmcd ef al. 20 I 0). Therefore. the hi gh levels of crude fiber observed in the boi led 

"Ikr and belore peeling of Anchote could be an advantage of tradit ional process ing as ii 'night 

help in the treatm ent of diseases such as obes ity. diabetes. cance r anci gaslro imeslil wl dismd, r, 

(Saldanha , 1995) and in digestion and prevenlion oreolon cancer (U ICC/W I IO. 20(5) . 
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-1.1.5. Crude rat 

Ancholc is low crude fat con tent. Thc mean crude fat content o f the raw Anehote was 0.19 

g/ IOOg, wh ich is s imilar wi th the finding of Fufa and Urga ( 1997) (0. I 7g1l00g) and EI INR I 

(1997) (0.1 gi l OOg). The mean crude fat contents of boiled after pee ling and boiled before pee ling 

of Anchole tubcr were 0.13 gil OOg and 0.14 gIl OOg, respectively. The mean crude fat contelll "I' 

,\nchotc boil ed ancr pceling and boi lcd before peeling was significantly (1'<0.05) lower than 

r,,11 Anehole Ili bers. rhc mean crudc "II content of Anchote boi led before peeli ng was non 

signili cant (1' >0.05) cOlllpared 10 mcan boiled a rter pee li ng Anchote tuber. The crudc " II contcnt 

was dccrcased in boiled after peeling by 3 1.58% and in boi led before pce ling by 26.32% 

compared to raw tubers. These decreases might be attribu ted to their diffus ion into the bo il ing 

I·vater (Ah mcd el ai, 20 I 0). 

-1 .1.6. Utilizcd carbohyd rate 

l ' lili/a ble carbohyd rate content was dctermined by difference. The mcan utili zab le carbohydrate 

contcnl of the raw Anchote was 16.86 gliOOg. The mean util izable carbohydrate contcnt of 

boiled after pee ling and bo il ed before pee ling of Anchote tuber we re 10.42 g/ iOOg and 

IS.23g/ 100g. respectively. The mean utilizable carbohyd rate contcnt or Anchote boiled afte r 

pceling \Vas significant ly (P<0.05) lowcr than the mean of both bo il ed before peeling and raw 

\IlLIHlte luhe r. \ illliLIl·l y. Ihe Ill~all utilizable ca rbohydrate contcnt of Anchote boi led before 

I'c~ l i ll g " as , ignilicantly (1'<0.05) lower compared to the mcan of raw Anchotc tuber. The resli it 

in raw Anchote was lower than the findi ng o f Fufa and Urga ( 1997) (22.5 g/ IOOg) and EJ-I NI{ I 

( 1997) (2 1.1 g/ IOO g) .The util izable carbohyd rate content was dec reased in boi led after pee ling 

by 38 .19% and in bo il ed befo re peel ing by 9.67% compared to raw tu bers. Reduction in 

Illilizable carbohydra te content during boi ling might be due to leachi ng of so lub le carbohyd rates 

iike sli ge r, in 10 th~ cooking wa ter (L:scn\Vah and Ikenebomeh, 2008). 

4.1.7. Gross cnergy 

The gross ene rgy was calculated by mUltiplying the Illean va lues of crude proteins. crude fat and 

10lal carbohydrate by Atwate r facto rs of 4, 9 and 4. respective ly. The mean gross energy cuntcnt 

or raw Ancholc was 82.12 Kcal l I OOg. The mean gross encrgy contents of bo iled after pee li ng 

and h" ilcd bcl(Jrc pceling or Anchote tubcr we re 53.48 KcaillOOg and 75.26 Kca iIlOOg, 

,'<?s pecli l c l.l . rile Ill can gross energy content of Anchote boi led aftcr pecling lVas signifi cantly 
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(1'<0.05) 100Ier th",l the mea n of" both bo il ed be fo re pee li ng and raw Anchotc tuber. Si milar ly, 

the mean gross encrgy co ntent of Anchote bo il ed befo re pee ling was s ignificantl y (1'<0.05) lowe r 

compared to th e mea n raw Anchote tuber. The va lue in raw Anchote were found to be re lati ve ly 

low as compared to those repo rted by EHN RI ( 1997) (98.10 Kca lll OOg) and Fula and Urga 

(1997) (103 .5 Kca lll OOg). In re fe rence with raw tubers, the gross energy co ntent of raw Anchote 

"fter and befo re pee li ng decreased by 26.06% and 7. 19%, respectivel y. 

-1.1. \liner,,1 cO lltcnt of nlll and proccssed Anchote 

Minnals in the diet arc rcspo nsible for several ex ist ing problems re lat ing to human heal th 

(M ilton , 2003). The hum an bod y req uires more th an twenty-two minera l e lements th at can be 

supp li ed by an app ropri ate di et in varyin g amou nts fo r proper growth , hea lth maintenance, an d 

gencral IVe ll -bei ng (W HO/F AO, 1998). Defic iency d iseases coul d be prevented by suffi cicnt 

inta ke of specific nutrients/mine ral s th at are invo lved in many biochemica l processes . Root and 

tuber crops arc onc u f" important sources of mineral s that are li nked to prevent deficiency 

diseases such as Anc mia and Ri ckets and dail y consum pt ion of th ese foods is be ing encou rag~d 

(Letcrme, 2002) . The minera l co ntent of raw and processed Anchote is prese nted in Table 4 .2. 

4.2 .1. Ca lcium 

Ca lc ium is the major component of bone and ass ists In teeth deve lopmcnt. Ca lc ium 

cOlice lilrations arc alsll necessa ry f'lI" blood coag ulation and for the integrit y of intrace llu lar 

C('1I1C li t SUbslCIlices (Okaka and Okaka, 2001) . The ca lc ium content o f the raw A nchote "as 

119.S mg/iOOg. T he res ult was co m parab le with the finding of EHN RI ( 1997) (119 mgl IOOg). 

However, Ful~1 and Urga ( 1997) repo rted Very hi gh calc ium co ntents (344 mgll ~Og) . T he mea n 

ca lci um contents of boi led aftcr peel ing and boiled before pee ling of A nchote tu ber was II S.70 

mg/l OO g and I 18.20 mg/ I OOg, respecti vely. The mean ca lc ium content of An chote boi led a lie r 

peel ing lias s ign ilican tl y (1'<0.05) lower than both boi led before peeling and raw Anehote 

tube rs. I'he mea n ca lciulll content o f" AnchOle bo il ed be fore pee ling was non s ignificant (I'>O.OS) 

compared to mcan ra lV Anchote. The ca lc ium co ntent was decreased in boiled after pee ling by 

3. 18% and in boi led be fo re pee ling by 1.65% co mpared to raw tu bers. The loss o f ca lc ium from 

bo iling is not as such pronou nced and th is litt le red ucti on may be due to less leachin g of the 

ca lci um 10 the bo iling I·vater (Brody. 1994) . 
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-1. 2.2. Iron 

I'hc mcan iron content or the raw, bo il ed after peel in g and bo il cd before pee ling A nchote were 

5.49 mg/ IOOg, 7.60mg/iOOg and 6.60g/l00g, respective ly. The mean iro n con tent of A nchote 

boiled a fter pee lin g was s ignificantl y (1'<0.05) hi gher than both boiled before pec li ng and raw 

Anchote tube rs. The mean iron co ntent of A nehote boil ed before pee ling was non s ignifica nt 

( 11) 0 OS) compared to mean raw Anchote. The resul t in raw A nchote was comparable w ith the 

l i lldin ~ o ll ' ul:, and Urga ( 1997) (S.S mg/ IOOg). However, EH N RI ( 1997) reported lower iron 

contc ills ( 1.30mgi l ~Og) . The iron con ten t was increased in boi led a fter pee li ng by 38.43% and in 

boiled be fo rc peeli ng by 20.22% compared to raw tubers . Increase in the iron co ntent may be due 

to contamination of iron from the cooki ng utens il s known as Tuwe (Omo ruy i el a/.. 2007). In 

addition . the increment co uld be due to peelin g has been done in a knife made of stai nl ess steel 

then Icaching from its skin or cooking utens il s (Akin- Idowu el al.. 2009). 

'1 ah le: 4.2. Mean ( I S E) mineral content of raw and processed Anehote sampl es 

c;~I-CT~,m-- - (ro,,- -- ---. MagneS;~ll Z inc Phos-pho;'~s - I 

(mg/l (JOg) (mg/l OOg) (mg/l OOg) (mg/l ~Og) I (mg/ I OOg) 

,- -I Treat me nt 

RW - -1 19.50,' 0.36" S.49±0.39a 79.73±0.8S"---2.23-l 0. j-2" 34.61 w-:7o" -1 
b ·_-::;--. ----c ·_---·· ;,-· -~l- --· , ---·? -- --·---h -.1 

11 5.701O:2 Ib 7.60"-0 . 19 7J.)0,t O.92 2.0J l 006 ~ 8 . 1 _±0.OS 

II 8.20J 1.49" 6~60±Oj:za-- 76A7,tO.~ 220±ii~T6"b -l 2S4S-±02S'-1 t 
i lI lli' 

, _ _ ____ J~_.____ ___ _J 
iVlcans not followed by th e same superscript letters in the samc column are significantly different ( P<O.05). 

NB. R W stands for R.aw Anchote, BAP: for Boil cd after peeling and BI3 P: for Boiled before peeling. 

4.2.3. Magnes ium 

Thc mean magnesium content of the raw, boiled after peeling a nd boi led before peebg of 

Anchot e lubers we re 79.83 mg/ I ~Og, 73.50 mg/ I OOg and 76.47 mg/ I ~Og , respecti vel y. The 

l11agn isiunl cOlltent 01 ' A nchote bo iled alkr peeling was s ign ificalilly (P<0.05) lower than bo th 

boiled bctore peeling and raw Anchote tubers. Sim il arl y, the mean magn isium contcnt of 

Ancho le boil ed be fo re pee ling was s ignifi cantly (1'<0 .05) d iffe rent compa red to mean raw 

Anchole. The mean valuc in raw A nehote was agreed with the finding of Fu fa and Urga ( 1997) 

(SO mg/ I DOg). T he mag nesi um content was red uced in boiled afier peeling by 7.93% and in 

boiled be«)re pee ling bv 4 .2 1 'Yo compared to raw tubers . T he reduction or magncs ium fro m 
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builing mi ght be du e to magnes ium oxa latc is less so lu ble than the po tassium and sod ium sa lts 

(I'oeydomengc el 0/ .. 2007), thi s may be the poss ib le reason to observed red uctio n in magli ~s ium 

levc lupon boi ling. 

4,2.4, Zinc 

T he z inc co ntcnt of raw Anchote tuber w ith a mea n va lue was 2.23 mg/I OOg, whi ch is 

inaccordance whith the finding o f Fu fa and Urga ( 1997) 1.8 mg/ IOOgm. T he mean z inc contc nt 

01' hoi led a ller peelin g an d boiled bc l'ore pee ling o f Anchote tube r was 2 .03 mg/lOOg and 2 .20 

mg/l DOg. respecti vc ly. The z inc co ntent of Anchote boiled after pee ling was s ignificant ly 

(1'<0.05) lower than raw Anchote tube rs. The zi nc content of Anchote boiled before pee li ng was 

non s ignilicant (1'>0.05) compared to both mean bo il ed after pee ling and raw Anchote. T he mean 

z inc co ntent was reduced in bo iled after pee ling by 8.97% and in boi led before pceling by 1.35% 

compared to ra w tubers. 

-1,2.5. Phosphorus 

I'he phosphorus co ntent or the raw Anchote was 34.6 1 mg/ I OOgm. The phosphorus content of 

boiled after peeli ng and bo il ed before pee ling of Anchote tuber was 28. 12 mgll ~Og and 25.45 

mg/ I DOg, respective ly. The phospho rus con ten t of Anc hote boi led be fo re pee l in g was 

s ignilicantl y (P<0.05) lower than both boiled afte r pee ling and raw Anchote tu be rs. In the same 

\\al. the mean phos pho ru s con tent or Anc hote bo iled after pee ling was s igni fica ntl y (1'<0.05) 

d il 'krcnt compared to mean raw Anc hote tubers. T he mean phosp horu s con tent was red uced in 

bo il ed alle r pee ling by 18.75% and in bo il ed before peeling by 26.47% compared to raw tu bers. 

T he losses of phosphors co ntent in tuber due to leachin g on boiling mi ght occur up to 25% (True 

el al .. 1979), thi s may be the poss ibl e reaso n to observed reduction in magnesi um levc l in thi s 

stud y. 

-1.3. Anti -nutritional factors co ntent of raw a nd processed A nchote 

Anti -nutrients arc known to red ucc the maximum util ization of nutrients especially prote ins. 

vitamins, and mineral s (Ugwu and Oran ye, 2006) . So thaL the levels of an ti -nutrit ional 111ctors in 

the Anchotc tu bcrs are impo rtant in the assessment of its nutritional statu s. Some ant i-nu trit iona l 

"Ictal'S (phytate, oxalate. ta nn in and cyani de) co ntent of th e raw and processed Anchote tuber IS 

shown in Tab le ~. 3 . 
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-1.3.1. Ph),latc 

'1 hc raIV i\ nchotc tu ber contai ned 389.30 mg/ IOOg phytale.The phytate content of Anchote 

boiled aller peel ing and before peeling had 333.63 I11 g/ IOOg and 334.74 mg/l OOg. respectivel \, . 

The phytate content of Anchote boiled after peel ing was significant ly (1'<0.05) lower than both 

boiled before pee ling and raw Anchote tubers. Sim ilar ly. the l11 ean phytate content of Anchute 

boiled before peel in g was s ignificantly (1'<0.05) lower than raw Anchote tuber. The mean 

pil ), latc contcnt lVas red uced in boiled aller peeling by 14.30% and in boiled before peeling by 

~ · I (J I "I" c011lpared to I'~l\\' tuhers. The evident reduction in phytate during cooking may be caused 

by leaching in to the cooki ng l11edium , degeneration by heat or the fo rl11ation or insoluble 

complexes between phytate and other components, such as phytate-protein and phytate-protei n­

mineral cOl11p lexes (Sidh traju and l3ecker, 200 I). The reduction of phytate during processing 

Anchote tuber is expected to enhance the bioava ilability of proteins and dietary l11inerals of the 

tubers and at the same til11e the lower level of phytate may havc some hca lth promotional 

deti'. IIies . ( lIlTellll\ tl lcre is e\ ide ll ee that dietary phytate at low ievelmay have bellcfiCial rule _" 

an antioxidant . anti carcinogens and likely play an important role In controllillg 

hypercholestero lemia and atherosclerosi s (Phi llippy ef aI., 2004). Because !\ nchote may provide 

a substantial portion of phytate, the nutritiona l consequences of phytate in AnchOle should be 

in vesti gated. 

~· .3.2. Oxalate 

I he rai l' /\nchote tuber con tained X.26 mg/ I OOg oxalate. The oxa late content of boi led after 

peeling and boiled before peeling of Anchote tuber had 4.23 mgll OOg and 4.66 Ill gl IOOg. 

rcspecti vely. The oxa late content of Anehote boi led after peeling was significantl y (1'<0.05) 

lower than both bo il ed before peeling and raw Anchotc lUbers. A lso the nwan oxa late content of 

!\ nchote boiled before peeling was significantly (1'<0.05) lower than raw Anchote tllber . '1 he 

llI ean o.\ al atc con tent lVas reduced in bo il ed aner pee ling by 48.79% and in boiled be lore pee ling 

h\ ~:L 5 8';o clllllpa reci to raw !\ nchote tubers. Thc traditional processi ng Illethods we re found 

ei'lective mcthods to reducc the oxalate conten t in these tube rs. lloili ng Illay cause considerable 

cell rupture and lacilitate the leakage of solublc oxalate into cooking water (i\ lb ihn and Savage. 

200 I), this Ill a), be thc poss ible reason to observed hi gh reduction in oxalate Icve l upon hoiling. 
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Tab le : 4 .3. Mean ( I SC) a11li-nutritionallilctors co nte nt of raw and processed Anchotc 

- -- .. _,....-;;--- ~--, 

Ph ytate Oxalate Tannin Cyanid c 

(mg/l ~Og) (mgt I ~Og) (mgt I ~Og) (mgt 1 ~Og) 

RW 389.30±0 .39" 8.23±0.09" I 73.55±0.35" 12.67±0.22" 

- .-
I3 AI' 333 .63± O. 29c 4.23±0.02' 102.36±0.46' 8. 16±0.07' 

I 13[31' 

I 

.... ::;-" - ----b-'· 
_,-,4 .74-J-0.42 

. --. -~-'-D 

4 .66-,,0.1 7 12 1.2 1 ±O. I J1'~-
---- -- -0-- ---. 

11.14.10 . 17 

-~- ---- -~-- -,--- ." .;C- -------. 
yh:ans not fo ll owed by th e saill e sLLpcrSCl lpt letters III the same column arc si gnifican tly cllf fcl CIH (1'<0.0 5). 

NB. RW stands for Raw Ancholc, BAP: for Boiled after peeling and SSP: for Boiled before peeling. 

Oxalates can have a harmful effect on human nutrition and hea lth , espec ia ll y by red ucing 

calcium abso rp tion and a iding the [ormat ion of kidney stones (Noonan and Savage, 1999). 

Ili gh-oxa late di cts can increase the ri sk o f renal calcium oxalate formation in certain groups of 

peopl e ( I.ibc rt and I:rancesc hi , 1987). T he majo rity of urinary stones formed in humans are 

calc iu m oxa late stones (li odgkinso n. 1977) . Currentl y_ patients are ad v ised to limit th e ir intake 

o f foods with a to tal in take of oxalate not exceeding 50- 60 mg per day (Massey el 01. , 200 I). 

The trad iti onall y processed Anchote tu bers anal yzed in th is stu dy a re low compared to the 

recommendati on s [or pat ients with ca lc iu m oxa late kidney stones. Unde r these guide li ncs, 

proccssed Anchotc tube rs anal yzed could be recommended not onl y for normal health y peop le 

but a lso consumpti on for pati ents with a hi story of ca lc ium oxa late kidney sto nes_ assume about 

I kg o f Anehote wo uld be necessary fo r cons umpti on per day. Therelore, the reduced oxa late 

con tent resulting from tradit io nall y processed Anchote tubers could have a pos iti ve im pact on the 

hea lth of consum e rs to enhance the bioavai lability o f essent ial d ietary mineral s of the tubers_ as 

well as reduce the risk of kidney stones occu rrin g among co nsumers. Il ence. boiling th e tuber 

" 'oulu redu ce the llutritional problem s th at the hi gh level s o foxalates co ul d cause. 

~_j.3. T allllill 

The tannin content of raw Anchote tuber was 173.55 mgt lOOg. T he tannin content of boiled after 

peeling and boi led before pee ling of Anch ote tuber had 102.36 mgt lOOg and 12 1.21 mgt lOOg, 

respecti vel y. T he tannin content of Anchote bo il ed afier pee ling was signifi ca ntl y (1'<0.05) lower 

th an both boiled before pee ling and raw Anchote tube rs. Simil arl y, the mean tannin co ntent o f 

Anc hote boil co be lo re pee li ng was s ignificantl y (P<0.05) lower than raw Anchote tubers. The 
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mean tannin content was reduced in boiled ancr peeling by 41.87% and in boiled before peeling 

b\ 30 . 12°'0 cnmpa red to n l\·\ tubers. The dcc rease in thc levels of tan nin du ring hcat treatment 

III ight bc due to therma l degradation and denaturation of the anti nutri ents as wcll as the 

fo rmat ion or insoluble complexes (Kat3l'ia e/ a/., 1989), thi s may be the poss ibl e reason observed 

in this study. Tannin content of most food is usuall y reduced by process ing and thi s ha s becn 

reported to cnh ance the b ioavai lability o r iron. The toxicity e ffects of the tannin may not be 

sig nili cant s ince thc total acccp tabl e tannic ac id daily intake for a man is 560 mg (A non ymous, 

1973 ). S ince the ta nnin co ntent or raw A nchote tuber is vcry low co mpared to its c ri tical to xici ty 

clTcct and rurlher reduced durin g traditional process ing, its antinutritional effect may be 

insignificant in both raw and processed tuber. 

4.3.4. Cyanide 

Cyanid e. eit her in sy nth et ic inorganic form s as in KCN or NaCN. or o rgani c form s as in 

na noge nic g lu cos ides. is a potent spccitic inhibitor of several enzymc-catalyzcd proccsses 

(!\lctor. 19')3). The rcsults orthe present stud y showed that cyanide in raw. bo il ed a lter pceling 

and boiled before peeling Anchote tuber were 12.67 mgllOOg, 8.16 mg/ IOOg, and 11.14 

mg! IOOg. respect ive ly. The cyan ide content of A nc hote bo il ed after pee lin g was s ignificantl y 

(1'<0.05) lower than bot h boil ed belore peeling and raw Anchotc tubers. T he mea n cyani de 

content of A nehote bo il ed before peeling was also significantl y (P<0.05) lower co mpared to 

nlL'an ra\\ Anchot" tu bcr. T he mcan cyan ide conte nt was reduced in boiled aner pee ling by 

35 .Sl} o/u and in boi lcd belore peeling by 12.08% compared to raw tubers. It has been reported th at 

hi gher intake of cyanides could result in the development of neurologica l disease in humans 

(Montgomery, 1980). The amounts of cyani de produced , onl y plants that accumulate more th an 

50 to 200 mg are cons idered to be dangerous (Kings bury, 1964). Howeve r, smallcr amO'dlt or 
cyanides cou ld have seve ral long-term adve rse effects on human hea lth ( Bhandari and I(awabata. 

-'U()·I) II ,,· ,'''' UII S obtained showcd that th e processed tuber co uld be cons idered safe with regard 

10 c, 'l nid c poi soning due to the lilctthat the cya nid e levels were ra r be lo w th e detrim ental leve ls 

or 50 to 200 mg ( Kin gsbury, 1964). Howeve r, the amount rema ining cyanide co ntcnt mi ght be 

s li ghtly tox ic to people w ho consume hi gh quantities of Anc hote tubers and need to be further 

stu dy . 



4.4. Phytate phos phorus and non-phytate phosphorus 

I'he phylatc phosphorus and no n-phYlatc phosphorus content or raw and processed Anchotc is 

showil in I'ab lc ciA. The phytate phosphorus contenl or raw, bo iled after peelin g and bo il ed 

bcforc pecli ng Anchole tu bers we re 109.7 1 mg/l OOg, 94.02 mg/l OOg, and 94.22 mg/ I OOg. 

respcct ivc ly. Thc phytate phosphorus contcnt of Anchote boi led after pce ling and boiled berore 

peeli ng was s ignifi cant ly (P<0.05) lower tha n raw Anchote tu bers. The mean phytate phosphorus 

eonlent or Anchole boil ed before peeli ng was non significant (1'>0.05) compared to mean boi led 

alier pecling Anchotc lube r. The mcan phylale phosphorus content was reduced in boiled after 

pee li ng by 14. 3 1 % and in boiled before pccling by 14.12% compared to raw tubers. 

Tab lc: 4 .4. Mean (± SE) phytate phospho rus and non-phYlate phosphorus Contents or raw and 

processed Anchote samples 

I 

()5.R9±O.Ol c------ 3.34-.l:0 .OI b--

--.-- &--------- _ .. ----_. - .. -- .. 
68.77±0.09 3.7HO.03' 

:"\ lealls 110\ /i.)Ho\\'cd by th e same su perscript !cllers in the same column are signifi cantl y di fferent W<"O.05). 

I Ph~ tal c phosphoru s \\ as calculated by phytatc Ii Illes 28. J 8%. 

" 'ull-phytaic phosphorus was the difference between phylatt: phosphorus and total phosphorus. 

\Proport ion or phosphorous as phytate was calcul ated by phytatc phosphorus dcvided by total phosphoru s. 

N I3 . RW stands for Raw Ancholc. I3 AP: for Boil ed after peeling and 1381': for Boiled before pee ling. 

I 
--I 

The non phylate phosphorus conlent 01' raw. boil ed aner pee ling and boi led be l()J'e pee ling 

I\nchote 1":I'e 75. 10 mg/ IOOg. 65.89 mg/ IOO g, and 68.77 mg/ IOOg, respecti ve ly. The mean nlln 

plll l:tlL plll),. phorll '; Ctlnlent or i\ncllll le boi led aftcr peel ing was s ign ifi can tl y (1)<0.05) 101l·cr 

Ihal) btllh boiled befo re peeling and ralV Anchote tu bers. S im ilarly, the mean non phywte 

phosphorus content of Anchote bo iled before peel ing was signi fican tl y (1'<0.05) 10IVc r compared 

10 mean raw Anchole tu bers. The proportion o r phosphros as phytate content or ra w. boi led afic r 

pec ling and bo il ed bero re peeli ng Anchole tubcrs were 3. 17%. 3.34%. and 3.71%. respecti vely. 

The perccntage or phylate phosphorus 10 Iota I phosphorus is ve ry important since the phytate 
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phosphorus ca nnot bc utilized by hum an be ings. The effect of phytatc on phosphrus absorption 

in the presc ncc or high ph ytate intakcs has led to the suggestio n that the proportion of 

phosphorus as phylate l11ay bc a belle r index of phosphrus bioava ilab ility (Me laku el al., 2005), 

in which the dicts w ith proportion of phosphorus as phytate (%) '" 50 % in foods from roots and 

tubcrs are regarded as being ad eq uate in bioava ilable phosphate. The va lues in th is study were 

lower than th e reported critica l proportion of phosphors as phytate, whi ch il11plies th e Anchote 

tubers are adeq uately bioava ilab le the phospho rs element. Therefore, consul11 pt ions o f Anchote 

tube r ma y help to ameliorate prevalent m ineral deficiencies ca used by th e ir lil11 ited 

bioavailabilit) and may lead to beller mineral status of phosphorous. 

4.5. Molar ratios of Ca: Phy, Ox: Ca, Phy: Zn, Phy: Fe a nd [Cal [Phy]/ [Znl 

The mola r ratios for oxalate . calcium. z inc , Iron and ph ytate were calculated to eva luate the 

e ffects or e levated leve ls of oxa late and phytate in the bioavailability of dietary mine ra ls. 

Ilioa vai labilit y is the a bility or the bod y to digest and absorb the mineral in the food co nsum ed. 

I he cal culated \'a lues arc al so compared wit h the reported c ritical tox ici ty va lues fo r these ratios. 

I'he calcula tcd Ca : I'h y. Ox: Ca, Ph y: Z n. Phy: I,'e and [CalI.Phy Jl [Znj mo la r ratios of raw and 

processed Allchote is shown in Tab le 4.5. 

4.5.1. ICalci ll mj! [Phytatel molar ratios 

The mo lar ratios of Ca :Phy in raw, boiled after peeled and boi led before peeled Anchote were 

5.05. 5.7 1. and 5.18 , re spectively. The mean Ca:Phy molar ra t io o f Anchote boi led before 

pecling and boiled a ner peeling was s ignil'icantly (P<O.OS) highe r than raw Anchote tubers. The 

mean Ca:Phy mo lar ratio of Anchote boi led a fte r pee ling was s ignificant ly (P<0.05) lower th an 

boi led befo re peeling A nehote tube rs. Phytic ac ids marked ly dec rease Ca bioavailab il ity and the 

Ca :Ph) 1110lar ratio has been proposed as an ind icator of Ca bioavai lability. The Ca: Ph y molar 

ratios ' 6. incli cat i. c or poor ca lc iul11 bi oava ilability (Oladimeji el al. , 2000). The va lues in the 

prcscl'll s tud, \\·ere lu\\ cr than th e rcported c riti ca l molar ratio of Ca :Phy. indicat ing that 

:lbsorption or calc iu m not advcrse ly affected by phytate in these tubers. 

4.5.2. IOxalate]/ [C al molar ratios 

The molar ratios ofOx:Ca obta ined in raw. bo il ed after pee led and bo iled before peeled Anchote 

were 0.03 . 0.02 , and 0.02, respect ive ly. The Ox:Ca molar ratios 01' Anchote boiled after peeling 

and boiled bcllJre peel ing \\·as s ignili cantly (1'<0.05) lower than raw Anchote lUbc rs. The Ox:Ca 
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mol ar rati os o f Anchote boi led before pee ling was non s igni fica nt (1'>0.05) compared to iTl ean 

boiled a lkr pee li ng i\ nchotc tuber. T he importance o f oxa late co ntents o f an indi vid ual plant 

I,rudll c·t in IlllIitin g tota l d icwr) Ca avai labi li ty is of s ignili cance o nly when the rati o of Ox:Ca is 

greatc r than one ) Fro nte la el 01 .. 2009). Under thi s ci rcumstance, thc oxa late has potenti a l to 

complex . not on ly th e Ca contained in the plant, but a lso that deri ved !"i'om other food sources 

(Davis, 1979). Consump ti on of oxa lates may result in k idney d isease and a hi gh rat io o f Ox: Ca 

in th e di et al so may cause chron ic ca lci um de fi ciency ( Hassan el 01., 2007). From th e result. it 

\\as observed lhat. i\nch ote tube rs had Ox:Ca va lu es are lower than the repo rted c riti cal va lue 

( 1.0), \\h ich illi pl ies that a lo w leve l 0 1' oxa late could have no ad ve rse effe cts on bioa va ilab il ity 

o r dietary ca lci um in th ese tubers . 

Ta ble : 4.5. Mean (01- SE) ca lculated Ca: Ph y. Ox:Ca. Phy:Zn. Ph y:Fe and rCal[l'h )'Ji ll n'l m(,jar 

ratios o haw and processed A nchote samples. 

i ! n'i lt m el ll 

! I RW 

Ca :Phy 

, (lI]( )lar ra tio) ' 

I 5 05 10002' -

-I 
I 

Ox:Ca 

I ( mola r ratio/ 

- 003" 0.00 I" -. 

--r- Ph ),: Zn --- --I)h-y~Fc 

I (mo lar ratio)3 (mola r rati o) I 

f l1AP 
.- - -- -.--~--.-- ---. ---b---

5.66 l 0.0 I 0.020. 0.00 I 

[Ca ll phi l/ rZn] 

(l1lol/kg); 

0.52·tO. 02" 

-~-- .. - - - h -'I 
0.4 7 LO.O I 

0-:-02-~0-.0-0 16---1-4.-83-"~6.2 j,,-t-4-:-.2-8 j O~ 15 h -· -0.44:j;602" .. -. j 
~~L-__ ~ __ ~~~~ 

5.78JeO.07" 1381' 

.\!t:~111 ~ Jl ul followed by Ih ~ sam e supersc ript lellers in the same column are signifi cantl y diffe rent (p .-:O.05) 

I IIl g or Cak i Ulll' llwi<..'(: lIla r weight of l'a lclllln : mg o f phytate/moleculnr weight of phytate. 

2 mg o r oxalatei l1lo lecular weight o f oxalate: lilg of calc ium /molecul ar weight o f cal cium. 

J mg of phyta te/mol eculal' weight o f phytatc: mg of zin k/molccul ar weight of zill h. . 

. I mg of phytate/molecu I al' weight o f ph ytate: mg of iron/molecular weight of iron. 

~ ( m g o f Cal ci lim/molecular we ight o f Calci LIm) (mg of phytatc/molec ular weight o f phytatc)/ (m g o f Lin k/molecular 

weight of zink ) dcvidcd by 100. 

',;3 !{\\. :. i dlHb li H'l~ a \\ .\ 11 (' l1 otc. [3 ;\ 1' : fo r Bo il ed a ftc r peeling and I3B P: for Bo iled be fore peeling . 

.l .S.3. II'hyta tc ll IZi nc] molar ratio,; 

The Ph)' :Zn mo lar rat io s of Raw. bo iled after pee led and bo iled befo re pee led Anchote were 

17.35, 14 .86 an d 14.98 , respecti ve ly. T he Ph)':Zn 11l0 la r ratios o f Anehote bo il ed a fter pee ling 

an d bo il ed be fo re peeling was s ig nifi cant ly (1'<0.05) lower than raw A ncho te tubcrs. T he Ph y:l n 

molar ra tios o f Anchote bo iled befo re pee ling was non s igni fica nt (1'>0.05) compared to mean 
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bo il ed a lle r pee ling Anchote tuber. The importance of food slll ffs as a sourcc of dieta ry line 

dcpends on both th c tota l z inc co ntent and the leve l of other co nstitu ent s in the diet that affect 

line bimmlilability. Phytatc may red uce the bioava ilabity of d ietary z inc by forming in soluble 

mineral ehelates at a ph ys iologica l pH (Oberleas, 1983). Z inc defic iency has been shown to be 

the cause of dwarfi sm and hypogo nadi sm among adolescents (P rasad, 1984). Z inc has bee n 

desc ribed as the esse ntial mineral most adverse ly a ffected by ph ytate and the ph ytate-to-z inc 

molar rati o has been proposed as an indicator o f z inc bioava ilability (Sirk ka , 1997). Ph ytate : z inc 

mo lar ratios > 15, indicat ive of poor z inc bioava ilability (Mo rri s and Ell is, 1989). The va iues of 

boiled alier peeling and boi led before pee ling A nchote were lowe r th an the criti ca l molar rati os 

uf l'hy:Zn , whi ch ind icates the avai la bility of z inc good du e to traditi onal processed Ancho te 

tuber. 

4.5.4. [Phyta te] / [lron] molar ratios 

The ph ytate: iron mo lar rati os of raw, boi led after pee ling and boiled befo re peeling Anch ote 

tuber \\as 5.5 8. 3.92 and 4.28. respectively. The phytate: iron mo la r ratios o f Anchote boiled after 

peclin~ and boiled be lcHe peeling was s ignificantly (1'<0 .05) lower than ra w Anchote tube rs. The 

phYlale:iron molar ral ios of Anchole bo il ed before pee ling was non s igni fieanl (1'>0.05) 

com pared to mea n boiled after pee ling A nehote tuber. Ph ytate beg ins to lose its inhibitory efreet 

on iron abso rpti on when phytate:iron mo lar rati os are less than 1.0, a lthough even ratios as low 

as 0. 2 exe rt some negative effect ( Hurre ll e/ al., 2003). The ph ytate:iron molar ratios greater th an 

015 regarded as ind icat ive of poor iron bioavailability (S iegenberg el al., 1991). Thi s result 

indi cated th at. the phytate: iron mo lar rati os ra w and processed tube rs are greate r than the criti ca l 

val ue , which implies the abso rptio n o f iron from raw and processed Anchote in hibited by phyta te 

and as a result the b ioavai lab ility o f iron is poor. 

4.5.5. [Culc iumj iPh y tate] / [Zille ] molar ratios 

The va lues of rCa'][p hytatelllZn] millimo lar ratio for raw. boiled a fter pee ling and bo iled befo re 

peeli ng Anc hoie had 0.52 mo l/kg. 0.47 mol/kg, and 0. 35 mo l/kg. respect ive ly. The 

jc 'ajjphytatej /]Znj mi ll imolar ratios of A nchote bo il ed afte r pee ling and boil ed before pee ling 

was s ignili cantly (1'<0 .05) lower than ra w Anchote tubers. The [CaJ[ph ytateJ/ [Z nJ millimolar 

ratios of Anchote bo iled be fore peel ing was non signifi cant (1'> 0.05) compared to mean boil ed 

a ft er peeli ng Anchole tuber. The potentiating e ffect of calcium on z inc abso rpti on in th e presence 

6X 



of hi gh phytate intakes has led to the suggestion that the rPhy][Ca]/[Zn] millimolar ratio may be 

a beller index or zinc bioavai lab ility than the P'hyl/[Zn I molar rat io alone (Obah and Amusan. 

20{)'J). I ligh calcium levc ls in roods can promote the phytate- induced dec rease in zinc 

bioavailability when the ICaj[phytate l/ IZnJ millimolar rat io exceeds 0.5 mol/kg (G ibson. 1994). 

In thi s study. except the raw tuber, the va lues of lCa][Phy]/ lZn] millimolar rati os of both 

processed tubers were found less than the critical level. Therefore. traditional process ing 

methods wo uld appea r that the poss ible contribution to increase zinc ava il abil ity. 

4.6. Nu tritional and antinutritional factors of raw Anchote and other roots and tubers 

r ile nutritional and anti -nutritional content o f the raw Anchote, sweet potato, potato, yai~', taro 

and cassava arc shown in Table 4 .6. Like other root and tuber crops. Anchote have high moisture 

content. It is evident (i'om the data that the raw Anchote contains 2.5, 2.03, and 6. 1 times hi gher 

crude prote in compared to sweet po tato , potato and cassava, respecti ve ly. Fufa and Urga (1997) 

reponed whole Anehote con ta ins 2 times hi gher than the values reported fo r potato and sweet 

pOlalo. " hich i, in:lccordance with th is stud y. These tube rs cou ld be rega rded as potenti al source 

01' prote ins. Utilized ca rbohyd ratc in raIV Anchote tuber was at least three times hi gher than the 

sweet POlato, cassava, and potatos. The raw Allcholc contains low crude fa t which is similar 10 

other root and tuber crops. This findi ng confirms the reports of cufa and Urga ( 1997), that 

Anehote exhi bits a low crude fat content. The crude fibre in Anchote was at least 2. 6. 2 times 

hi gher than that in sweet potato. potato and cassava, respectively. Raw Anchote tubers have 

higher average energy content (389 .3 Kcall l ~Og) compared to sweet potato ( 136 K c~1I / 1 ~Og ) , and 

poWto (91 l(e:lI , IOOg). I'inall). with rega rd to the suppl y 01' nutricnts, All chulC lu be rs ma) :w 

cunsidercd a guod source o r crude protein. crude fiber, and carbohydrate con tent. 

The total ash content in Anchote was at least two times hi gher than in above ment ioned other 

root and tu ber crops. Thi s implies. Anchote is as a potent ial source of mineral s than other 

me ntioned crops. For instance, the Ca lcium content of Anchote is 2. 12, 3. 3. and 6 ti mes hi gher 

than thosc 01' s,veet potato . potato. yam. taro and cassava tubers, respec ti vel y. culil and Urga 

( 1997) reported tradi tionall y. it is belie ved that Anehote hea ls broken or rractured bones. helps 

sick people to recuperate and makes lactating mothers hea lthier and stronge r, this may be due to 

the hi gh calc ium contents of the tuber. 
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Table: 4.6. Comparison of nutritiona l and anti nutrit iona l facto rs of raw Anchote and other 

recorded raw roots and tubers. 

r -
I 

Mo isture (g 

-

11 (JOg) 

-

-

- ---.- ._.-

, 

Cru . Pro (g/ I ~Og) 

'II ~Og) Ut i. C HO (g 

Cru. Fat (g/ IOOg) 

Tot. Ash (g/ 

Cru . Fiber ( 

100g) 
_. 

gil ~Og) 

Gro.Lncrgy 

(Keal / I ~Og) 

.. ~-. 

Ca (mg/ I 00 g) 

- -
Fe (mgll 00 g) 

.. 
I' (mg/ I (JOg ) 

-- .. _ .. 

Mg (mgll 00 g) 

Zn (mgllOO g) 

Phy.(mgll 0 Og) 

Oxa. (mg/ I (J Og) 

.. -

.~ 

--

.. -

I --- - --------
Og) 
--.--
g) I 

Ta n. (mg/ I 0 

Cya . mg/ I 00 

I ___ _ 

... _-
Anchotc 

- -- ---~ 

74. 93 
._-_._._-
3 .25 

1-:-:-----
92.1 1 

0. 19 

2. 19 

2.58 

-- --
382.78 

-
119.5 

5.49 
._-------
34 .61 

79.73 

2.23 

389.3 

8.23 

-
174.55 

12.67 

Sw. potato' Potato' Yam> Taro' Cassava" 

- -
67040 74.7 NF6 NF" 62. 8 

1.30 1.6 NF NF' 0.53 

------
28.20 22.6 NF" NF'- - 31.0 

NI""-- -
2.00 0.1 NF 0.17 

.. _-
1.10 0.6 NF" NF" 0.84 

1.10 0.4 NF' NF" 1.48 

- ~---~-- ---- --~",.- N F" 
-

NI-'(\ 136.00 97 

52 .00 10 41-53 41-45 20 

-;----- - -;--:-~.---. - ._---- .-
3.4 0 6.7 1.9-3.2 1.9-3.2 0.23 

_._------- ----- -NI'6~- ~Nr--
.----~ 

34.00 '10 46 

--1-
30

- - '--
NF" NF" 7.3-7.5 7.3-7.5 

NF" NF' 42-49 42-49 
-- J-Nii6 

NF NF 27.8- 94.1--106 N r·~-~-

62.2 

NF6 NF 86.2 189-26 1 W---
162 

NF" NF" NF NF'-- -'''F'' ---~ 

NFo - NF6 - - NFo NF.,-----,----
NF 

. -2--~- J.l .. ; . -.. '='=-.- r,-:;---
'E IINRI , ( 1997); USDA, (2002); Esayas Ayele, (2009); Bradbury and l-I olioway,(1988), N I ' ~Not 

Found. 

'Ille iron and magn isiul11 arc al so higher than those of potato. sweet potato. yam. cassava and 

taro. I'hi s ind ica tes that th e Anchotc tubers may be anoth er cheap source of important minera ls 

li ke Ca, Fe, and Mg. O th er mineral like zi nc and posphorus was a lso fo und in app rec iabl e 

amounts, but were s ign ifi ca ntl y lower than those present in other tu bers. 
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It has been reported that severa l anti -nutri tional factors are present in root and tuber crops 

(Bhanda ri and Kawabata, 2004). The leve ls of anti-nu tri tiona l t!lctorS 0[' Anchote are important 

in thc assessmcnt 0(' its nutriti ona l statu s. In thi s investi gation , like othe r root and tuber crops the 

!\nchOic tuher \\as I(HlI1d to conta in phytates, oxalates, tannin, and cyan ide. Raw Anchote tubers 

wcrc shown to contain fa irl y low le ve ls 0[' oxalate (8.23 mg/ I OO g) whcreas, the phytate content 

(389.30 I11 g/ IDOg) in the present stud y was fou nd to be hi gher than the va lues reported ;'1 yam 

(27.8 62.2I11g/ I DOg) and taro (94.1- 1 06mgl l OOg). 

4.7. Sensory preference of traditional processed Anchote 

Ancho tc tu bc rs boiled alter peel ing and boi led befo re peeling were presented to fi fty consum ers 

pancls [() prc Iercnce t",te. Al110 ng them 33 (66%) con sumers prefe rred lubers boiled bcf(,re 

peeling whe reas 17 (34%) consumers preferred boil ed alter pee ling Anchote (Figu re 4.1) . The 

results we re eva luated according to statical t-test table of pai red compareson test (Appe ndex X I) , 

at p<O.OS leve l of s ign ificance; one sample must be se lected at least 33 times out of tilly 

consumers to be a s ignificantl y d iffe rent. The Anchote boi led before pee ling was se lectcd 33 

times out or lilly consumcrs. which meets the criti cal va lue of the tab le to be a signifi cantly 

dif'iC rc ll ee. As a result. there is a signifi cant (P<O.05) preference of taste of Anchote boi led 

before pecl ing to Anchote tubers boiled alter pee ling. 
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Figu re: 4. 1. Results o rthe consum er preference taste of processed Anchote. 
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Chapter 5 

Conclusion and Recommendation 

5.1. Conclusion 

n,~ pr~s~ 1ll linding ullco vered in ro rm ati on on the nutritional compositio n (crude liber, crude rat, 

crud~ prote in. total ash. moisture conten t. utili zed ca rbohydrate, gross energy. l ine, Iron. 

Calcium. Sodium , Mag nes ium a nd Phos phorus) and antinutritional factors (Ph ytate, Oxa late, 

Tannin and Cya ni de) or raw and processed Anchote tubers from western Ethiopia. Sensory 

preference taste of A nchote boi led a fter peeling and boi led be lo re peeling was a lso reported . In 

additi on, the relative bioava ilabi lity of the minera ls was assessed by calcu lating molar ratios o r 

an !illutricnllo tlw cOlltained mill l'rab . 

I'he resuit s 01' tit is study showed that raw A nchote co nta ins apprec iable quantity 01' ca rboh ydra te, 

erudc Pro tein, crude libcr, ca lcium, magnesi um, iron and low leve ls 01' a nti nutr ie nts (Oxalate, 

tallnin , and cynid e) except phytate , when com pared to other reported raw roots and lUbers, 

As shown in this study th e traditiona l process in g method s o f A nehote were very importa nt 

becau se that incrca sed in crud e libn.: content and improved th e bi oavail ability ol'z inc contaill(!d 

in th e Allehotc tubers, Thi s study also indicated that traditiona l process in g methods decreased the 

crude protein , total ash, calc ium, iro[1, z inc co nte nt of the tubers, Amo ng the traditi onl process ing 

meth ods, boiled before peeling proved to be better in some nutrient and min eral content s 

cons idered in thi s investi gat ion, 

The Icvels or anti-n utriti o nal facto rs in Anchote are im po rtant in th e assessme nt of its nut ri ti onal 

st atu s. In tllis ': Iu d) . the r<l\\ (\ nclwte tu b~rs were found to co nta in low anti nu triti o na l litctol's, 

C\eep t ph ) t,\le, Mor~O\ cr. there \\ere furthe r red uctions o r th e an tinutr it ional lilctors dur ing 

traditi onal process in g (F igure 5, I). Thi s implies, except ph ytate w hi ch mi ght hin der il'Dn 

bioava ilab ility, tradition a l process in g e nab les that the anti nutritional factors in thc A neh ute 

coulcJn't hamper it s nu triti onal val ue, The refo re, both methods of traditi onal preparation o t' 

;\nc hotc we re c lTectivc to s ignifi ca ntl y reduce the leve ls o f ant inutr iti onal factors . thereby 

illlp'\)\ in g the bioavailabi li t) or min e ral s such as z inc an d calc ium kn own to be affected by these 

ant i - 11 utricn LS. 
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Figure: 5.1. Effect of processing treatments on antinutritional factors of Anchote tubers 

This study also indicated that consumer panels preferred the taste of Anchote boiled before 
peeling. Therefore traditional processing method of Anchote boiled before peeling is also 
effective technique and need to be encouraged in terms of consumers preference of Anchote taste 



5.2. Recommendation 

The foll owing recommendations are made based on the findings . 

• :. Increased culti vat ion of Anchote need to be enouraged in all part of the western part o f the 

cou ntry, because o f its hi gh nu tri ent contellls like prote in , crude fiber , Ca, 2 n. Mg and low 

anti nutritional lactors . 

• :. Both methods of food preparat ion we re effecti ve in reducing the levels of anti-nutritional 

factors and increase zinc bioava ilability. However, boi ling of Anchote before pee ling is 

recommended for Anchote preparation in households and restaurants not only due to 

minima l processing losses in some nutri cnt compositions hut al so in terms of C{ln'tlmC'r 

preference tastc . 

• :. I'he iron conten t in the Anchote tube r increased du ring tradit ional process ing. On the other 

hand , the absorption of iron from processed Anchote tubers we re s ignificantl y inhibited by 

phytatc . Consequen tl y, the biouvailabil ity of iron is presumed to be poor. Thercfore, 

Anchote tubers sho uld either be supplemented with other iron reach food s or fo rtif'ied with 

iron clements to combat Iron defic iency . 

• :. hlture wo rks nced to focus on identifcat ion and quantification of other nutrients, and 

unaddressed antinutrients in Anchote tubers . 

• :. Studies shou ld be undertaken for new product deve lopment us ing Anchote tubers . 

• :. Moreover. the erlCet o f bo iling pe ri ods, optimal boil ing temperature. and storage times, so il 

types, varieties. und maturity time on the nutritional and anti nu tr itiona l facto rs of Ancholc 

should be studi ed. 
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Appendices 

Apendex l. The equ ipments and chemicals used for the analysis 

Eq uip ments and I\!lal yt ical grade Chemica l, used for the Anal) sis of '\utri ti onal value. V1i nerals and Anti -nutrit ional factors contents of 

oj : Raw and Proces"c'u Anchote tuber. 
0: , 
< I 

. Dryi ng Oven W HG- 9055A). Ana l) tical Balance (ARZ 140. '\31 5. SN R, USA). rk,iccator (CSN-SIM A X). Tong. A lu minum 

. ...: I ::i i Dishes. 
I 0 I u 

2: l w 
i I Drying Oven (DHG- 9055A). Dige ste~ ' Stove (HYP-I008 e ight holes), Ana lytica l Balance (ARZ 140, N315. SNR. 1203290469. i 

.~ i ...: I USA ). Distiller (KDN-102F, nillogen ana lyze! di stillatio n device). Tong, Tecator Tube. Hood (NORD IA. L01\DON E I7 6AB)' 1 

P II ~ II Crucible> . Des iccator (CSN-SI\1AX ). 25 m l. 100 ml , 250 1111 Volumetric Flasks. 
0: LD 

~ 1r--+I-:::c-o-n~en tralCJ Sulfuric Acid (L ni-Chem.s;:;!faric acid S867472-4N). O.I N Hydrochlori c Acid (37 % Riedel -Dehaen. s igma- , 

(3 I ALDRI C H chemicals Gmbh, Germ an y) . 30% Hydrogen Peroxide (U ni-Chem. Hydrogen Peroxide H47055 4J). 40% Sodiu m 1 

..2i i Hydrox ide ( L ni-C hem . Sodium Hydroxide Pellets S41298-3 1), Copper Sulfate (Uni-Chem. Cuppor Sulfatecrysl. gran C53200-41) . I 

U : Potassi um Su lfa te (L.R LABMAR Potass ium Su lfate PVT. LTD). Boric Acid (Uni-Chem. Boric Acid B29890-41). Distill ed Wate r. I 
I I 

::i I' Drying Oven (DHG- 9055A, Memment Germany), Mufile Furnace (Carbolite CSF 1200). Dess icator (CSN-SIMAX), Analytical I 
~ 3 Balance (LA ,204, Measu re tech.) , Hot Plate (wadtech, UK Hotplate SH3 ), Hood (NORDIA, LON DON E 17 6AB), Tong, Crucib le. j 
< I 
.g I Concentrated \!itr ic Acid (about 69 % LR . Eurostar scient ific LTD. Unit 113 century buildings summers road Liverpool, UK) , De- I 

I- a.i I ionized Water. I 
I -" I I U . 

, ~ I ::l 1 Muflle Furnac e (Gallenkamp. s ize 3). 600ml Beaker, Dry ing Oven, Desiccator, Cruc iable Whatman no. I filter paper, Hot Plate . ! 
0) I 0-

..D W 
~ i : 1.25% and I % Sulfuric Acid, 28% Potassium Hydroxide, I % Sodium Hydro ox ide, Acetone, Dist illed Water 
-::; 1 . , 

:::::; I () ! 

d l G i 
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'" 
'-' 
'0 

2 
G 

'----

clJ 

::?: 
u 
"-

" U 

~ 

;\nalytical Balance (L/\ 20-+. \1casu re Tech,) '>oxlct (SI-lA~GHAI QI/\\'JIA,\ I,\STRUMEl\T CO. LTD), Thimbles ('v\ hatman 
::; Il1lernati onal LTD \1aicistone England). Dryi ng Oven (DHG-90SSA). Dc,iccato r (CSN-SIMAX). Boiling Chips (LAB\1/\RK 
,cr 130iling Stone (India) PVT. LTD.). Extraction Flask. Colton. 

u 

U 

Diethyl Ether (Laborator) Reagel1l Diethyl Ether ISLA\1 PUR CF- 14) 425409). 

\lufne Furnace (carbolite Astonlane.hope, Shenield S30 2RR England serial '\0 2/00/362 type OAF/ IIII). Hot Plate (wadteeh, 

::; LK Hotplate SH3). Analytical Balance (item ARZI40 ~315 : Max. capacity 210 g C20379705. reliability 0.0001 g S,\R 
E 1"03290469, ohaus corp. pineBrook. NS USA). Atomic Absorption Spectrometer (Varian Spew AA. 20 plus), Hood (NORDIA). I 

i Crucibles, Desiccato rs. 50 ml, 100 ml, and 200 ml vo lumetric Flasks, Whatman No I filter paper. I 

u Hydroch loric Acid (37 % Riedel-Dehaen, sigma- ALDRI CH chemicals Gmbh. German y), Concentrated Nitric Acid (about 69 % 

6 I LR. Eurostar sc ientific L.TD. Unit 113 century build ings summers road Liverpool. UK) , Lanthanu m Ch loride, De-ionized Water. 
I 

, ; \1uffle Furnace (carbolite Astonlane,hope, Sheffield S30 2RR England seria l No 2/00/3 62 type OAFII I II), Hot Plate (wadtech, I 
I LK Hotplate SH3), Analytical Balance (item ARZI40 N315: Max. capacity 210 g C20379705. rel iability 0.0001 g SNR I 

q. ' 1203290469, ohaus corp. pineBrook, NS USA). Atomic Absorption Spectrophotometer (Buck sc ientific AAS model 210VGP). 
LJ..l I Hood (NORD IA), Crucible, Desiccator, 50 ml. 100 ml. and 200 ml Volumetri c Flasks and Whatman No. I fi lter paper 

</> 1 

~ I 
':::: 1 
a. ' 
</> [ 

,g l 
CL 

, 1 I _ 
. 1 Hydrochloric Acid , Conc. ~ i tric Acid, Aminonaphtholsulphonic Ac id , Conc. Sulfuric Ammon ium Molybdate, Sodium Bisulphite, 

,.g , Sodium Sulphite, Aminonaphtholsulphonic Acid. Potasium Biphoshhate, De-ion ized Water. 
U I 

I Analytical Balance (ARZI40 1\3IS: Max. capac ity 210 gm C20379705. reliab ility O.OOO lgm SNR 1203290469, ohaus corp. pine 
I 
, Brook, NSUSA), Test Tubes (sc rewed) , Mechanical Shaker, S and 10mis Graduated Pipettes, Micropipettes, Vortex Mixer. Water 
I 

1 Bath , UV- VIS Spectrophotometer (Beckman DU-64- spectrophoto meter. USA). Spatula, Centrifuge (DYN AC II centrifuge, clay 
::i [ ada ms, division of Becton dikinson and compan y. made in USA). 
~ I . -

, u.J I 
§ : I H\ drochlo ric Acid (3 7 % Riedel -Dehaen, sigma- AL DRI CH chemicals Gmbh). Wade Reagent, Sulfosal isa li c Acid, FeCI).6H 20 
; 1 .' (Iron (III ) chloride crysl. Pure MERCK), Sod ium Phytate Salt (phytic acid dodeca sodium sa lt hydrate water 10- IS % produc t of 

I _ I 0 ; 

6 I LSA, ALDRICH), Fresh De-ionized Wate r. 
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::; 

\nalyt ical balanc~. C~nt:·i fuge . \Il echani~,'! "1",;,,,,'. LV-Vis spectromeler. Tissue Paper . Tesl 'r ulw. Spatula, Volumetric Il<l, k. 

\Ilieropipette . Beaker. \Ileasuring cylinder. 
~ 

~ 

'" ,..-

~ 

Ilvd roehloric acid . Vanillin -H CI reagent. D- cm~chil1 . Methanol. vanillin. 
.E 
~ ~----~~~~~----.--~~~~~----

Pyrex 250 ml Volumclric nask with Stopper. I\ 'wlyt ical balance, Graduated measuring Cylinders up to 200 ml . 250 ml Pyrex : 

13eakers.Water Bath. Centri fuge, Titration Burelte. Deseccator, Thermometer. Fil ter Paper. Spallila. Hotplate (Wagtech U~ hot 

~ plate SH3). 
r,' 

-" , \Ilethy l-red indicato r 0.1 %, Concentrated Am monia (about 33% w/w AR Euro star sc ientific I.TD. Liverpoo l UK), CaCI,. 2H,O 
" ~ (calcium chloride -2- hydrate eryst. GR. MERCK). l-hS04 (RI EDEL-DEIIA EN AG. SEELZE-AA'i\:OVER, Germany), Potassium 

o . 1 Pe rmanganate ( 1.09935.ti tri sol. 3.161 K'vInO" for 1000 ml 0.02 mol/ lit. \Ile rck KGaA . 64271 Darmstadt. Germany). Fresh De-
I E ! ion ized Water. 

I I g i -.. _. . - - . .. _... . .. 
! CJ S-
~ --""---=S:7i:-lv-e-r --:cN-:-,i:-tl-·a-te-.· .. C-=-o-ne-e-n-u-·a-te-d-:-:"N7:li-tr7ie--a-c:-id;--:-(a--:Cb--out 69 % LR. Eurostar scientific LTD. Unit 113 century build ings summers road ' 

t : ~ Liverpool , UK). Potass ium Thiocyanate, Distilled Water. 
u 

Where: An. stands for type of Analysis; Mio. for Moi sture contents; Equ. for Equipmen\s; Che. for Chemicals. 
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Appcndcx II. Abso rbance reading of Calciul11 Standard curve (R
2
=O.997) 
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i\ I'Pcn cic .\ III . i\ bsorbance read ing 0 r I ron Standard curve (R 2=0.999) 

\J 03:) 

003 '1 

on 
c D.025 ~ 

-a 
OJ 

" ~ 
u 
c 002 
ro 

L 
~ 

c; 
r. 

-" 
< 

0015 

0.01 -; 

,/ 

0000 
" 
, 

0.50 

/ 
/ 

/ 

/ 

1.00 150 2.00 

Concentration (pg/ml ) 

- ---~I~-

2.50 3.00 

93 

o Observed 

--- Unear 



:\ppClldl'\ I V, /\bsorbance read ing 01' Magni s iulll Sta ndard curve (R
2
·'O,999) 
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Appendex V. Absorba nce readin g o f Z inc Standard curve (R
2
=O.999) 
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, 
.\ppcndc .\ VI. !\iosm ioa nce read in g 01' Phosphorus Standard curve ( R-~O.998) 
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Appenclex VIII. Standard cu rve for the dete rmination of Tannin concentration (R 2=O.999) 
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Appc ndex IX. Panc li s t quest ion nai re screcne r 

Pl ease check Ihe appropriate an sIVer lor th e following demographic information: 

I. Sex mal e fe male 

2. Age ____ 16-25 y rs. ___ 26-35yrs, ___ > 35yrs. 

3. Employmenl ___ _ 

Please answer th e ['a llowing questions. We want to know about you and what yo u think. Please 

ask iryou have an y questions! 

,I. Do you ha ve an y food allerg ies to Anchote? ___ yes ___ no 

5. 1)0 you smoke c igarette? ~es ___ no 

6. Is thi s th e first t ime yo u have ever seen or heard Anchote o r its products? ___ j es _ _ no 

7. I lave cver consumed Anchote prod ucts? ___ yes __ ._no 

~. II' )uu consumed Anchote, whi ch produ cts d id yo u consumed? Check al l that appl y: 

130 i led anchote after peeled w ithout addition of ingred ients 

Boi led Anchote before peeled witho ut add ition of ingridients 

Furth er cooked Anchote w ith add itions ol'the ingri d ients 

'!. 110\\· o ften di d you consumed boiled aller pee ling andl or boiled befo re pee ling Anehote 

\\ it houl addit ions 0 r ingrid ienls? 

__ Occasionally 

_ At least o nce pcr month 

At least 2-3 times per month 

AI least once per lVee k 

1' 1V0 \0 three t imes per week 

Four or more times per week 
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