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ABSTRACT
TITLE: Nutritional Evaluation of Dioscorea cayenens s-D.rotundata complex
BY
Winner Kucha

Advisor: Dr. Y esehak Worku

Dioscorea species (Yams) rank as the world' s fourth most important tuber crop in economic
terms and make a significant contribution to dietsin some rural areas of Ethiopia where Ethiopia
is one of the mgor producers in East Africa. However, there is insufficient study on their
nutritional value and anti-nutritional composition. This sudy was designed to evaluate the
proximate, mineral and anti nutritional compostion of yam tubers (Dioscorea cayenenss-
rotundata complex) collected from Sheko wereda, Bench Maji zone, South Nations, Nationalities
and people s Regional state. Effect of household processng methods namely boiling and frying
on composition of Dioscorea was al so investigated. To determine the proximate, mineral and anti
nutritional composition chemical analysis were conducted using standard procedures. Data were

analyzed using SPSS (SPSS Software for windowsrelease 16.0; SPSSInc., Chicago, IL, USA).

In raw yam tubers, moisture was high 69.56 + 0.2% for the yellow and 73.44+0.5% for the white
tubers. Crude protein content was 1.85+0.04% for the yellow and 2.03+0.03% for the white
tuber while ash was highest (4.10+£0.01%) in the yelow 4.62+0.01% in the white tuber. Crude
fat was low in both tubers 0.35+0.01% for the yellow and 0.18+0.01% for the white tuber while
total carbohydrate was high in both tubers 20.95+0.1% and 19+0.06% for the yellow and white

tubers respectivdy. The fiber contents were 3.19+0.05% for the yellow and 2.68+0.03% for the

VIII



white tubers. Calcium and potassium were the major minerals found in both tubers. calcium
contents of 52.55+0.01 and 60.52 +0.01 and potassum contents of 53.33+0.33 and 45.73+0.01
were found for the yellow and white tubersrespectively. Phytate, tannin and oxalate contents
were 38.2+0.002, 22.2+0.001 and 0.006+0.001 for the yellow tuber and 34.8+0.002, 28.8+0.001
and 0.006+0.001 for the yellow tuber. There were no sgnificant difference (p>0.05) in the
proximate, mimeral, phytate, tannin and oxalate contents of the raw tubers of the yellow and
white varities. Boiling and frying significantly reduced (P<0.05) the leve of phytate, tannins and

oxalate in both tubers.

Both tubersare found to be a good source of crude fiber, carbohydrate and minerals. The anti
nutritional factors (phytate and oxalate) found in both the investigated tubers were lower than
previousreports. Both boiling and frying seem to be best for the removal / inactivation of anti-
nutritional factors. In terms of energy, if consumed at 3509 per day, none would meet the FAO
recommended values. The investigated samples can not be consumed as the sol e source of
energy to humans. In order to derive full nutritional potential from the yellow and white yam,

they should be consumed together with protein-and fat-giving foods.

Key words: D.cayenensis-D.rotundata complex, proximate compostion, anti-nutritional factors
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1. INTRODUCTION

Dioscorea (Yam) isa genus of over 600 species of flowering plantsin the family Dioscoreaceae,
native throughout the tropical and warm temperate regions of the world. According to Mége and
Demesaw (1997) the family includes about seven genera (Borderea Miége., Dioscorea L.,
Epipetrum Phil., Testudinaria Salisb.ex Burch, Rajania L., Stenomeris Planch and TamusL.)
with the greatest diversity occurring in Central and South America, Indo-Malaysia, Micronesia
and Madagascar. Representatives al so occur in Eastern Europe and Africa, but herethe diversity
isrelatively low. Of the seven genera recognized only one, Dioscores, is represented in tropical
Africa (Demissew et al., 2003). The vast mgjority of the species are tropical, with only a few
species extending into temperate climates. The scientific name Dioscorea is named after the
ancient Greek physician and botanist Dioscorides while the common name, Y am, derives from a
Wegt African word nyami. Yamsin Ethiopia are known among many nations and nationalities
by different vernacular names, Boye, by Kulo people; Kocho or Wocheno, Oromo; Bohe,

Welayita; Kuso, yem; and Boina, Sidama. (Edossa, 1996)

Worldwide at |east 50-60 species of Dioscorea of the more than 600 known (Govaerts & Wilkin,
2007) are recogni zed to be cultivated or wild-harvested, for food or pharmaceutical purposes
(Craufurd et al., 2001). Many member of this genus are poisonous or require processing to

remove toxinsin order to make them safe for consumption.

Roots and tubers were critical componentsin the diet during the early evolution of mankind and
were the most important food crops of very ancient origin in the tropics and sub tropics,

associate with human existence, survival and socio-economic history (Asha and Nair, 2002).


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1838829/#B3�

Y ams are important agricultural cropsin tropical regions, grown for their large tubers and are
particularly important in parts of Africa, Asa and Oceania. The tubers may be eaten with sauce
direct after boiling, roasting, or frying in oil. The tubers may also be mashed or pounded into
dough after boiling, processed into flour, or cooked into pottage with added protein sauce and

oils.

Y amsrank as the world’ s fourth most important tuber crop in economic terms (Mignounaet al,
2005), after potatoes (Solanum tubersom L.), Cassava (Manihot esculenta Crantz), and Sweet
potatoes (Ipomoea batatas (L.) poir.). They are produced on 5 million hectaresin about 47
countriesin tropical and subtropical regions of the world (FAO, 2005). Yieldsare about 11 t/ha
in the major producing countries of West Africa. According to Food and Agricultural
Organization (FAO) statistics, 48.7 million tones of yams were produced worldwidein 2005, and
97% of thiswasin sub-Saharan Africa. West and Central Africa account for about 94% of world
production. Nigeria istheleading producer with 34 million tones followed by Cote d’ Ivoire (5
million tones), Ghana (3.9 million tones), and Bénin (2.1 million tones). Ethiopia (174 000
tones) and Sudan (137 000 tones) are the major producersin East Africa. Colombia (333 000
tones) leads the production in South America followed by Brazil (230 000 tones), while Japan
(204 000 t) istheleader in Asa. Yamsare also important in the Caribbean (e.g., Haiti with 197
000t in 2005), and the South Pacific | dands. Ghana exportsthe largest quantity of yams (about
12 000 t) annually. Average yam consumption per capita per day is highest in Bénin (364 kcal)
followed by Céte d’ Ivoire (342 kcal), Ghana (296 kcal), and Nigeria (258 kcal) (FAO, 2005).

Seetablel.1 below for the mean annual production of yam for the period from 1990 to 2005.



Tablel.1.Mean annual production of yam for the period from 1990 to 2005 (source: FAO 2005)

Area harvested Yied Total production
(‘000 ha) (Kg/ha) (‘000'MT)
World 3,572 9,694 34,355
Africa 3,418 9,708 32,874
Africa(West) 3,149 10,088 31,388
Ethiopia 68 4,065 277
1.1. The genus Dioscor ea

From the more than 600 species of Dioscorea (Govaerts and Wilkin, 2007), in Ethiopia and
Erithrea 11 speciesare recognized so far (D.quartiniana A.Rich, D.dumetorum Pax., D.cochleari-
apiculata De Wild., D.gillettii Milne-Redh., D.bulbifera L., D.schimperiana Kunth., D.alata,
D.abyssinica, D.cayenensis-D.rotundata complex, D.sagittifolia Pax.and D.praehenslis)
(Demissew et al 2003). One of the species, D.gillettii, is endemic occurring in Southeast Ethiopia
and Northern Kenya bordering Ethiopia. The remaining species are widespread in sub-Saharan
Africa. Some of the species, such as D.cayenens s-D.rotundata complex and D.abyss nica occur
both inthe wild and in cultivations, and others such as D.quartiniana, D.dumetorum,

D.cochleari-apiculata and D.schimperiana occur only in the wild (Demissew et al., 2003).

Members of the genus Dioscorea have usually athin twining ssem which allowsthe plantsto
climb. The direction of the ssem twining (clockwise or anticlockwise) isused as one of the major
taxonomic characters, to classfy the species with in the genusinto different sections (Table

1.2).The members of the D.cayenensis complex usually produce a single annual tuber, which



variesin sze, shape and weight, depending on species/cultivar and growing conditions. The

color of thetuber flesh also varies between species and cultivars.

Tuber morphology, stem twining direction, dioecy, and fruit/seed wing shape are among the
most important charactersin the systematic of Dioscorea. Some of the characterstics and
representative examples of the major sections of the genus Dioscorea are presented in Table 1.2
(Alexander and Coursey, 1969). T he section Enantiophyllum isthe largest in terms of the
number of species.

Tablel.2. The major sections of the genus Dioscorea based on morphological characterstics of
the species (Alexander and Coursey, 1969).

Section

Major characteristics

Representative species

Enantiophyllum

Usually sngle tuber
Twine to the right
Winged stems

D.alata
D.cayenens s(yellow Y am)
D.rotundata(white yam)

Occasional bulbils D.preahenslis
D.abyssinica
Lad phyton Cluster of medium sized D.hispida.Denngt
tubers Twine to the left D.dumetorum
Largethorns on stems D.pentaphyllaL.
D.quartiniana
Opsophyton Aeria bulbils D.bulbifera
Twine to the | eft
Combilium Large number of individually | D.esculenta(Lour.) Burkill
small tubers
Twine to the right
Macroura Small and very toxic bulbils D.sang barend s.Pax

twine to the right

Macrgynodium

Small tubers
twine to the l eft
spineless ssem

D.trifida L.f.

The African domesticates known as Guinea yams (D.cayenensis Lam.-D.rotundata Poir.

complex) are one of the most important, preferred and widely planted tuber cropsin the tropics




(Mignouna and Dansi, 2003), although D.alata L., a cultigens of Asian origin, isalso widdy
grown in Africa. They are the major source of carbohydratein the“yam zone’ of West Africa
(Coursey, 1967). Elsewherein Africa, there are pockets of extendve yam cultivation amid a
widespread wild or semi-wild plants harvested as famine food when cereal crops run short or
fail. Dueto their importancein the diet of peoplein Africa, Guinea yams have been the subject
of many studies by researchersin a number of disciplinesincluding systematic, plant breeding,
pathology and genetics. The primary goal of these researchers has been to look for the ancesteral
speci es from which the cultivated yams have been originated, both to understand the patterns of
variation and processes of domestication, and to apply this knowledge to yam breeding and
improvement. Guinea yams have been proposed to result from a process of domestication of wild
yams of Dioscorea sect. Enantiophyllum Uline by African farmers(Mignounaand Dans, 2003;

Dumont et al., 2006).

However, thereis still no agreement over the systematic or relationships within the species
complex: the number of speciesand the names which should be applied to them have never been
adequately clarified and determined. i.e., the delimitation of the D.cayenens s-D.rotundata

complex and the relationships within the complex are ill far from clear.

Thetaxonomy of the species Dioscorea cayenens s and D.rotundata has been the subject of much
confusion (Coursey, 1967). They were first described as separate species.D.cayenens s by
Lamark in 1789 based on specimens from French Guiana (hence the name Cayenne) and
D.rotundata by Poiret in 1813 based on samples from Puerto Rico long before their African

origin was established.



A numerical taxonomic analysis of 97 cultivars of Guinea yams (D.rotundata and D.cayenenss
access ons), based on 75 morphol ogical descriptorsresulted in a phonetic tree with two main
trunks interconnected with many anastomos ng branches. The authors suggested that all the 97
cultivarsinvestigated belong to a single highly evolved species (Martin and Rhodes, 1978).
Using Redtriction Fragment L ength Polymorphism (RFLP) markers Terauchi et al., (1992) failed
to evidently discriminate between the various species of Guineayams. The authors proposed that

speciesreferred to Guineayamsare all closdy related.

Y am cultivation systemsin Ethiopia and East Africa have not been studied aswell astheir West
African counter parts. A study conducted in South and Southwest Ethiopia have reveal ed that the
local community has a strong tradition in cultivating and domesti cating various species of yams
with wide genetic bases (Demissew et al., 2003; Hilderbrand et al., 2002). However, this
excellent knowledge of yam cultivation and domesti cation is beginning to deteriorate as farming

practice in the area reorients towards cash crops and coffee plantation (Hildebrand et al., 2002).

The concept of D.cayenens s species complex, first proposed by Ayensu and Coursey (1972) was
discussed in 1978 at a seminar on yams conducted in Cameroon. This concept was later
supported by Hamon (1987) asaway of pooling all West African cultivated yams that are not

bulbiferous and have entireleaves under the same name (Dumont et al., 2006).

According to Dumont et al. (2006), there has been considerabl e confus on regarding the yams
D.rotundata and D.cayenensis. In general in English speaking West Africa, particularly Nigeria,
they are known as white yams and yellow yams respectively, and pooled under the term Guinea
yams. Farmersin French speaking Africa, on the other hand do not make a clear digtinction

between D.rotundata and D.cayenens s where the generic nameis accordingly used for all the

6



cultivated yams. For the African farmer, a yam cultivar isidentified by its common name, which
often containstechnical or historical information. Yam cultivars are best differentiated on the
basis of their tuber traits like color or taste of the flesh. The characterstics of the vegetative
organs are sometimes, but not always, also used asa digtinctive markers. Farmers, in general,
define yam cultivars by sets of technical criteria cond sting of agronomic requirements,

harvesting time, cooking quality and storage life (Dumont et al., 2006).

D.cayenensisand D.rotundata are believed to be domesticated from wild African Dioscorea
species of the section Enantiophylum. The two taxa differ to some extent with respect to some
traits. But none of the studies conduct so far have clearly established the identity of each taxon as
a separate species (Dumont et al., 2006). It isdifficult to differentiate the two taxa using
morphology. Thisis because the original diagnoses are not complete enough to define them
precisely and many forms are intermediate between the two (Meige and Sebsebe Demissew,
1997). However, D.rotundata could be described asa group of cultivated yams of African origin
with a short annual vegetative cycle (6-8 months), tubers with along dormancy period (3-5
months) with dightly pigmented to non-pigmented creamy or white flesh (Dumont et al., 2006).
It isharvested twice a year, prefers a short rainy season, has ovate leavesand 4, 8 or 12 vascular
bundles (Hamon and Toure, 1990). In D.cayenensisthe vegetative cycle ranges from 8 to 12
months and the tuber fleshisusually yellow (Terauchi et al., 1992). It is harvested annually,
prefersalong rainy season, has orbicular leaves, and 8 vascular bundles (Hamon and Toure,
1990).

Nutritional valueisthe main concern when a plant is considered as food source. However,
endogenous toxic factors characteristic of plant material can al so affect the content of nutrients.

These toxic factors act as anti-nutrients and adversely affect the organism.
7



Anti-nutrients are chemical s which have been evolved by plants for their own defense, among
other biological functions. They reduce the maximum utilization of nutrients (especially proteins,
vitamins and minerals), thus preventing optimal exploitation of the nutrients present in a food
and decreasing the nutritive value (Ugwu and Oranye, 2006). Anti-nutrients are compounds that
limit the digestion and absorption of nutrients and result in reduced bioavailability of nutrients
and flatulence production (Brune et al. 1989). Anti-nutrients vary in chemical structures, ranging
from amino acids to proteins, from smple aminesto alkaloids, glycosdes and many phenolic
compounds. The biological effects of all these chemicals are diverse and complex.

This study paper was designed to investigate the nutritional and anti nutritional composition as
well asthe effect of household processing on the composition of Dioscorea cayenenss-

D.rotundata complex (yelow yam and white yam) collected from Sheko.

Figurel.l.Tuber of yellow yam. Figurel.2. Tuber of white yam.

The findings of nutritional and anti nutritional factors can help to understand the nutritional
benefit and potential problems of consuming Dioscorea and propos ng future direction for further

study and/or promotion. Data on the effect of household processing of Dioscorea provide



important information to obtain the optimum food value from Dioscorea and eradi cate or

minimize unwanted effects.

1.2. Proximate Composition

1.2.1. MOISTURE

Moisture generally refersto the presence of water; often in trace amounts. The moisture content
isthe most important and widdly used measurement in the processng and testing of foods. It is
an important measure of storage quality to purchase the food in bulk and also to establish a dry
weight basis for the analysis of the other nutrients. The safe limit for storage is 15% moisture and
foods containing more than 15% moi sture should not be stored asit may devel op undesirable

moulds and fungus and promote bacterial growth and resultsin rotting of the food over time.

1.2.2. ASH

Ashisthe residue from burning any biological material in a furnace at 550°c. It is composed of
the inorganic residue in foods and includes both trace elements and macro e ements. These
elements may occur in the food naturally or beintroduced by processing, production or

transportation.

1.2.3. CRUDE PROTEIN

According to Weende' s food analysis scheme, nitrogenous fraction of food may be divided into
two portions; protein and non-protein. Proteinis made up of dispensable amino acids-glutamic
acid, aspartic acid, alanine, serine, proline, hydroxyl proline; semidispensable amino acids-

arginine, glycine, higtidine, cystine, tyros ne; indispensable amino acids-lysine, tryptophan,



leuicine, phenylalanine, methionine, threonine, isoleucine and valine. Another part of non-
protein nitrogen cong sts of urea, ammonia, uric acid, free amino acids, amines, etc. Crude

protein is estimated by Kjeldahl method.

1.2.4. CRUDE FAT

Crude fat is prepared by ether extraction. Thisisa combination of smple fat-fatty acid esters,
compound fat, neutral fat, and sterols,. Fat isestimated by extraction with petroleum ether
(boiling point 40-60°c) or by extraction with ether in a Soxhlet extractor. The gross energy yield

of crudefat is9.40 Kcal per gram of feed.

1.2.5. CRUDE FIBER

Crude fiber is the insoluble and combustibl e organic res due which remains after the sample has
been treated with consecutive treatments of petroleum spirit to remove fat; boiling dilute sulfuric
acid and boiling dilute sodium hydroxide and acetone to break down the protein and
carbohydrates and to remove all soluble components. This treatment produces crude fiber
congsting largely of cellulose and a proportion of lignin and hemicellul oses. The amount of each
of these substances will vary with the conditions used for extraction. It istherefore imperative to
adhere grictly to a standard procedure to obtain comparabl e results. Crude fiber analysis can be
conducted either by boiling the sample with reagents and separating the residues by filtration
through a Buchner funnel or by a more rapid semi automated method. Crude fiber givesan

indication of bulkiness of a feed.
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1.2.6. SOLUBLE CARBOHYDRATES

Sugars such as sucrose, glucose and fructose and polysaccharides such as starch and cédllulose are
the principal components of carbohydrates. Soluble carbohydrates consist of monosaccharides,
oligosaccharides and polysaccharides. Analysis of carbohydrates tends to be complex because
each sampleislikdy to contain a mixture of several types of carbohydrates. For the purpose of

proximate analys s soluble carbohydrate content is often smply determined by difference.

% Soluble carbohydrate = % DM - (% EE + % CP + % ash + % CF).
Where: DM = dry matter, EE = ether extract or crude fat, CP = crude protein, CF = crude fiber

1.3. MINERALS

Of the mineral elements phosphorous, calcium, magnesium, potassium, sulfur, sodium and
chlorine are sometimes called the “ macro-nutrients’. The firg five are essential to both plants
and animalsand the last two to animalsalone. Of the “micro-nutrients’ minerals, iron, copper,
zinc and manganese are necessary to both plant and animal life. Boron, molybdenum, slicon,
and possibly gallium are deemed necessary to plants but not to animal's, while cobalt and iodine
are necessary to animal s but have never been proved to be essential to plants. Aluminum and
fluorine, athough found in both plants and animals, are of questionable necessity for either

(Gilbert, 1984).

1.3.1. CALCIUM

Calcium is one of the most important of the biological mineral eementsand is necessary to the

growth of all animalsand all green plants, with the exception only of some of the lower algae.
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Calcium taken up by the plant is probably used for the neutralization and precipitation of the

acidsin the plant sap and germination of seed (Gilbert, 1984). In human beings calcium forms a

vital part of bone and tooth structure, and is also important as a positive ion (Ca2+) for blood
clotting, muscle contraction, and nerve impul se transmission. It also participatesin glycogen
metabolism (Heydon, 1983, Tortora, 1997). Inadequate intake of calcium increases the risk of
osteoporosis. While excess intake of calcium may cause kidney stones and reduces mineral

absorption in general (Wardlaw, 1996).

1.3.2. COPPER

Copper isa catalyst for respiration and an activator of several enzymes. It isimportant for
carbohydrate and protein synthesis. It may also play a role in carotene production. (Gilbert,
1984). Whereas, inanimal it isused for helping the body utilizeiron, reduce tissue damage
caused by free radicals, maintain the health of bones and connective tissues, produce the pigment
called melanin, keep the thyroid gland to function normally, and preserve the myelin sheath that
surrounds and protectsthe nerves. Deficiency of copper causes low white blood cell count and
poor growth. Excess intake of copper can cause vomiting, nervous system disorder and Wilson's

diseases (Wardlaw, 1996).

1.3.3.ZINC

Zinc isan essential e ement found in the tissue of animals and plants even at normal ambient
concentrations. However, if plants and animal s are exposed to large concentrations of
bicavailable Zn, sgnificant bioaccumulations can result, with possible toxic effects (Wardlaw,
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1996). Zincisthe most ubiquitous of all trace elementsinvolved in human metabolism. More
than one hundred specific enzymes require zinc for their catalytic function. If zinc isremoved
from the catalytic site, activity islost; replacement of zinc restores activity. Zinc participates in
all major biochemical pathways and plays multiple rolesin transcription of DNA, trandation of
RNA, and ultimately cdl divison. When the supply of dietary zinc isinsufficient to support
these functions, biochemical abnormalitiesand clinical signs may develop. Studiesin individuals
with acrodermatitis enteropathica, a genetic disorder with zinc mal-absorption resulting in severe
deficiency, have provided much insight into the functional outcomes of zinc deficiency. These
include impairments of dermal, gastrointestinal, neurol ogic and immunologic systems (ATSDR,
1995).

1.3.4.IRON

Ironisan essential constituent of plant and animal protoplasm. Plantsrequireironin larger
amounts than any other micronutrient. It is used in chlorophyll synthes's; respiration; and asa
congtituent of various enzymes and proteins. It also servesas an activator for nitrogen fixation.
Inanimalsiron carries oxygen to the cellsand is necessary for the production of energy, the
synthesis of collagen, and the functioning of the immune system. Iron deficiency is common
among children and pre-menopausal women. Great care must be taken not to take too much iron,
as excess amounts are stored in the body’ stissues and adversely affect the body’ simmune
function, cell growth and heart health (Tzonou, 1998, Hallayday, 1998). Iron absorption can be
blocked by cal cium, magnesium, manganese, zinc, anti-acids and tetracycline (Rebouche, 1999).
Deficiency of iron resultsin anemia which isrecognized by its symptom such aslow blood iron

level, small and fewer red blood cellsand low blood hemoglobin values (Tortora, 1997). Iron
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toxicity usually results from a genetic disorder called hemochromatos s. This disease causes over
absorption and accumulations of iron, which can result in sever liver and heart damage

(Wardlaw, 1996).

1.3.5. Phosphorus

Phosphorusisakey element in all known forms of life. Inorganic phosphorusin the form of the
phosphate PO4* plays a major rolein biological molecules such asDNA and RNA whereiit
forms part of the structural framework of these molecules. Living cdlsal so use phosphate to
transport cellular energy in the form of adenosinetriphosphate (ATP). Nearly every celular
process that uses energy obtainsit inthe form of ATP. ATPisaso important for
phosphorylation, a key regulatory event in cells. Phospholipids are the main structural
components of all cellular membranes. Calcium phosphate saltsass st in giffening bones (Lewis,

2006).

1.3.6. POTASSIUM

Potassum isthe most abundant mineral found in the human body next to P and Ca. It isa major
electrolyte of intracellular fluid. It is of great physiological importance, contributing to the
transmission of nerve impul ses, the control of skeletal muscle contractility, and the maintenance
of normal blood pressure. It isobvioudy essential for plantsand can not be entirdly replaced by
any other dements. Deficiency symptom includesirregular heart beat, | oss of appetite and

muscle cramps (Wardlaw, 1996).
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14, Anti-nutritional Factors
1.4.1. Phytic acid

Phytic acid, inositol hexakisphosphate (1Ps), (see fig.1.3) isthe principal storage form of
phosphorusin many plant tissues (Hurrell, 2003) accounting for up to 80 per cent of the total
phosphorus (Steiner et al., 2007).

HQF.'OM r"Oﬁ F;.P

- '\\ i S
HO" % O 4o

HO-P=0
OH

Fig.1.3. Structure of phytate (Adapted from Reddy, 2001).

Phosphorusin phytate form is, in general, not bioavailable to non-ruminant animals because they

lack the digestive enzyme phytase, which isrequired to separate phosphorus from the inositol.

Phytic acid isa strong chelator of important minerals such as calcium, magnesium, iron and zinc,
and can therefore contribute to mineral deficienciesin people whose dietsrely on phytate
containing foods for their mineral intake, such asthose in developing countries (Hurrell, 2003).
Calcium ionsinteract with protein and phytate decreasing protein solubility (Frokiaer et al.,
2001). Phytate has been shown to inhibit the proteolyss of a number of enzymes such astrypsn,
pepsn and amylases of the intestinal tract (Vaintraub and BllImaga, 1991).

Phytic acid and starches are structurally capable of combining via phosphate linkages (Sirkka,

1997), hence phytic acids may also affect starch digegtion. It also actsas an acid, chelating the
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vitamin niacin, which isbasic, causng pellagra (Anderson, 2005). In thisway, it isan anti-
nutrient. For people with a particularly low intake of essential minerals, especially young
children and those in devel oping countries, this effect can be undesrable. However, in-home
food preparation techniques can reduce the phytic acid in phytic acid containing foods. Simply
cooking the food will reduce the phytic acid to some degree. Cooking has been reported to lower

the phytate levelsin yam (Bhandari and Kawabata, 2006).

1.42. OXALATE

Oxalateisadi anion with formula C,04* (see fig.1.4) that occurs widely in the plant kingdom.
Many metal ions form insoluble precipitates with oxalate, a prominent example being calcium

oxalate, the primary constituent of the most common kind of kidney stones.

0 0%~

Fig.1.4. Structure of oxalate (Adapted from Wilhelm, 2002).
The affinity of divalent metal ionsis sometimesreflected in their tendency to form insoluble
precipitates. Thusin the body, oxalic acid also combines with metal s ions such as Ca**, Fe**, and
Mg®" to deposit crystals of the corresponding oxalates, which irritate the gut and kidneys.
Because it binds vital nutrients such as calcium, long-term consumption of foods highin oxalic
acid can be problematic. Healthy individual s can safely consume such foods in moderation, but

those with kidney disorders, gout, rheumatoid arthritis or certain forms of chronic vulvar pain are
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typically advised to avoid foods high in oxalic acid or oxalates .The calcium oxalate crystals or
precipitate (better known askidney stones) obstruct the kidney tubules. An estimated 80% of
kidney stones are formed from calcium oxalate (Harold, 2004). Conversely, calcium supplements
taken along with foods high in oxalic acid can cause cal cium oxalate to precipitate out in the gut
and dragtically reduce the level s of oxalate absorbed by the body by 97% (Bate-Smith and

Swain, 1962).

1.4.3. Tannins

Tannins are bitter plant polyphenols that bind and precipitate proteins and various other organic
compoundsincluding amino acids and alkaloids. The term iswidely applied to any large
polyphenolic compound containing sufficient hydroxyls and other suitable groups (such as
carboxyls) to form strong complexes with proteins and other macromolecules. The compounds
arewiddy digributed in many species of plants, where they play arolein protection from

predation and perhaps aso in growth regulation (Coe FL, et al, 2005).

Tannins have molecular weights ranging from 500 to over 3,000 (Morozumi, 2006). Tannins are
incompatible with alkalis, gdlatin, heavy metals, iron, lime water, metallic salts, strong oxidizing
agentsand zinc sulfate, sncethey form complexes and precipitate in aqueous solution. Tannins
are digtributed in species throughout the plant kingdom. Tanninsare found in |eaf, bud, seed,

root, and stem tissues.

Tannins are usually divided into two classes; hydrolysable tannins and condensed tannins

(proanthocyanidins)
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Hydrolysable tannins: At the center of a hydrolysable tannin molecul e thereis a carbohydrate
(usually D-glucose) (seefig.1.5). The hydroxyl groups of the carbohydrate are partially or totally
eserified with phenolic groups such as gallic acid (in gallotannins) or ellagic acid (in
ellagitannins). Hydrolysabl e tannins are hydrolyzed by weak acids or weak bases to produce
carbohydrate and phenolic acids. Examples of gallotanninsarethe gallic acid esters of glucosein

tannic acid (C7sH 520 46), found in the leaves and bark of many plant species.

Fig.1.5. (A).Structure of tannic acid, gallotannin (B).Structure of elagic acid

(Adapted from Branham, 1989).
Condensed tannins: Condensed tannins, also known as proanthocyanidins, are polymers of 2 to
50 (or more) flavonoid unitsthat are joined by carbon-carbon bonds (see fig.1.6), which are not
susceptible to being cleaved by hydrolysis. While hydrolysable tannins and most condensed

tannins are water soluble, some very large condensed tannins are insolubl e.
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Fig. 1.6. Structure of condensed tannin molecul e (Adapted from Branham, 1989).

If ingested in excessive quantities, tanninsinhibit the absorption of minerals such asiron which
may, if prolonged, lead to anemia (Brune, 1989). Thisis because tannins are metal ion chelators,
and tannin-chelated metal ions are not bioavailable. However, condensed tannins do not interfere
with iron absorption (Brune, 1989). Tannins have been shown to precipitate proteins, which
inhibits in some ruminant animal s the absorption of nutrients from high-tannin grains such as

sorghum.

Approximately 600 Dioscorea species are eaten in various parts of the world. Y ams, the edible
gtarchy tubers, are of cultural, economic and nutritional importancein the tropical and
subtropical regions of the world (Coursey, 1967). In fact they are one of the principal sources of
food and nutrient energy for many people in thetropics. Study reports have also pointed out that
afew yam species contain some toxic compounds and can impart serious health complications.
Some species of wild yams, particularly wild forms, are toxic and/or unpalatabl e, taste bitter and
cause vomiting and diarrhea when large amount are ingested without proper processing or if
eaten raw. A toxic principle in some yam species has been reported as dioscorine (see fig.1.7), a

toxic alkaloid (Bhandari and Kawabata, 2005).
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Fig.1.7. Structure of Dioscorine (Adapted from Webstre, 1984).

Dioscorine triggers the fatal paralyss of the nervous syssem when a fragment of the tuber

weighing 100 g isingested. Similarly, histamine was reported asthe principal alergen, causng
mild inflammation and itching, in some plants of Dioscoreaceae family. On the other hand, the
bitter substances in some yam species have been reported as furanoid-norditerpene (see fig.1.8)

groups of compounds (Bhandari and Kawabata, 2005).

Fig.1.8. Structure of furanoid-norditerpene compound (Adapted from Wang, 2009).

The bitterness and toxicity of many yam species may be caused by high level of saponins (see
fig.1.9). Such isthe case with Dioscorea tokoro in Japan, in which saponin isresponsble for its
bitterness. The tubers were found with a high amount of protein, a good proportion of essential
amino acids and appeared as a fairly good source of many dietary minerals. However, their wider

utilization islimited dueto the presence of sometoxic and anti nutritional factors. Raw aswel as
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cooked tubers are sometimes bitter, and the bitterness may be strong enough to render the tuber
unpalatable. I ngestion of large amount of wild tubers has al so been reported to cause caustic
effects, irritation to mouth, throat or intestinal tract and absorptive poisoning (Bhandari and

Kawabata, 2005).

Fig. 1.9. structure of saponin (Adapted from Foerster,2006).

Dioscorea spp. aso have medicinal propertiesastheir tubers contain diosgenin (seefig.1.10), a
biochemical precursor in the synthetic production of progesterone and other corticosteroids

(Albrecht and McCarthy, 2006).

CH,

Fig.1.10.Structure of Diosgenin (Adapted from Wong, 2005).

Many different formsand cultivars of the edible yam speciesare available in different areasand

itislikely that these differ in composition and nutritional values (Bhandari et al., 2003). Several

factorsinfluence the nutritional content of foods from plants. These include the genetic make-up
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of the plant, the soil in whichitisgrown, use of fertilizer, weather condition, maturity at harvest,
storage conditions and processng method (Morriset al., 2004).

According to FAO report on raw tuber of Dioscorea (unspecified species), the tuber has 119 Ca
of food energy, 69.0 % moisture, 1.9 % protein, 0.2 % fat, 27.8 % carbohydrate, 0.8 % fiber, 1.1
% ash, 52 mg/100g calcium, 61 mg/100g phosphorus, 0.8 mg/100g iron, 10 pg/100g retinol, 0.11
mg/100g B-carotene equivalent, 0.02 mg/100g thiamine, 0.3 mg/100g riboflavin, 26 mg/100g

niacin, 6 mg/100g tryptophan and 16 mg/100g ascorbic acid per 100 g of edible portion (FAO).

According to FAO report on composition of D.cayenens s-D.rotundata complex, the species have
been reported to have 71ca energy value, 80.8 % moigture, 1.5 % protein, 0.1 % fat, 16.4 %
carbohydrate, 0.6 % fiber, 1.2 % ash, 36 mg/100g cal cium, 17 mg/100g phosphorus, and 5.2

mg/100g iron per 100 g of edible portion (FAO).

A study conducted in Nigeria (Ojwu and Ndu, 2006) on evaluation of phytonutrients, mineral
and vitamin contents of some variries of yam (Dioscorea species) revealed Mg, Ca, K, Naand
phosphorus content of 0.73, 1.60, 0.75, 0.19 and 0.29 mg/100g for D.cayenensisand 0.85, 1.20,
0.39, 0.14 and 0.20 mg/100g for D.rotundata and tannin and phenol content of 0.0047 and 0.0024
mg/100g for D.cayenensisand 0.05 and 0.005 mg/100g for D.rotundata.This study al so reported
ascorbic acid, niacin, riboflavin and thimine content in mg/100g of 1.23, 0.13, 0.004, 0.007 for

D.cayenenssand 0.97, 0.03,0.006 and 0.008 for D.rotundata.

On areport done by Ethiopian Health and Nutrition Research Instisute (EHNRI) (EHNRI, 1997)
on raw Dioscorea (unspecified species and unspecified place of collection) they reported a value
for food energy (in calories), moisture (in percent), nitrogen (in g/100g), protein (in g/100g), fat

(in g/100g), carbohydrate (in g/100g), fiber (in g/100g), ash (in g/100g), Ca (in mg/1100g), P (in
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mg/100g), and Fe (in mg/100g) of 98.1, 74.5,0.7,3.1,0.1, 21.2,1.7, 1.1, 119,13.3and 1.8

respectively.

In another report done by EHNRI (EHNRI,1997) on Dioscorea tubers (unspecified species)
collected from Welita, Metekel and Sidama, after boiling of the Dioscorea tubers they reported a
value for food energy (in calories), moisture (in percent), nitrogen (in g/100g), protein (in
0/100g), fat (in g/100g), carbohydrate (in g/100g), fiber (in g/100g), ash (in g/100g), Ca(in
mg/100g), P (in mg/100g), Fe (in mg/100g), Zn (in mg/100g), Cu (in mg/100g), Na (in
mg/100g), K (in mg/100g), RE (in pg/100g) , thiamine (in mg/100g) ,Riboflavin (in mg/100g),
and ascorbic acid (in mg/100g) contents of 85, 77, 0.28, 1.80, 0.10, 19.9, 0.7, 1.2, 16, 56.8, 0.92,
2.2,0.5,7,464,5,0.01, 0.04 and 2.12 for the Dioscorea coll ected from Welita; 166, 68.1, 0.18,
1.10, 0.10, 30.10, 2.5, 0.6, 8.6, 29.4, 1.3, 0.19, 0.14, 20.8, 211.8, 3.6, 0.03, 0.15, and 2.71 for the
Dioscorea collected from Metekd ; and 113, 69.2, 0.28, 1.8, 0.10, 28, 0.7, 0.9, 6, 68.1 ,0, 0.36,

0.57, 115, 310, 6, 0.01, 0.04 and 1.99 for the Dioscorea collected from Sidama.

Processing (cooking) can be beneficial or detrimental to nutrient composition of foods.

Process ng techniques may decrease the food value of some nutrients (Nestares et al., 1996): for
example, thereis some leaching of nutrientsinto the cooking water during processing. The
cooking water may or may not be discarded.

On the other hand, processing may enhance the nutritional quality of food by reducing or
destroying the anti-nutrients, and al so increasing the digegtibility of proteins and starches
(Siddhurgju and Becker, 2001). Elimination or inactivation of anti-nutrients is necessary to

improve the nutritional quality and for effective utilization of foods.
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Hence this study was mainly designed to investigate the nutritional and anti nutritional
compostion and the effect of boiling and frying on the nutritional and anti nutritional contents of

yellow yam and white yam tubers collected from Sheko.

1.5. SIGNIFICANCE OF THE STUDY

This study will provide information on the proximate composition, some selected minerals and
anti-nutrients found in Dioscorea cayenens s-Dioscorea rotundata complex and the best house
hold processing method to obtain the optimum nutritional value and to minimize or eradicate the

anti-nutrients.

1.6. HYPOTHESIS

Thereisno difference in the nutrient and anti nutrient composition of raw and processed ye low

and white yam tubers.

1.7. OBJECTIVE

1.7.1. GENERAL OBJECTIVE:

The present study is mainly designed to investigate the nutritional and anti nutritional

compostion of yellow yam and white yam.

1.7.2. SPECIFIC OBJECTIVES:

1. Toanayzethe proximate, minerals, and anti nutritional factor composition of yellow

yam and white yam.
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. Tocompare the proximate, mineralsand anti nutritional composition between yellow
yam and white yam.

. Toinvestigate the effect of household process ng methods namdy boiling and frying on
the proximate, mineralsand anti nutrient composition of yellow yam and white yam.

. Todetermine the best method of processing to obtain the optimum nutritional value and

to diminate the anti nutritional factors.
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2.METHODSAND MATERIALS

2.1. SampleCollection

Dioscorea tubers were collected from August 15-20, 2010; from South Nations Nationalities and
Peoples Regional state; Bench Mgji zone, Sheko woreda. Mature tubers were collected randomly
from afarm, packed in a news paper and kept in a plastic bag and immediately transported to the

laboratory to minimize loss of moisture.

2.2.  Voucher Dioscor ea specimen collection and identification

Voucher specimens of Dioscorea were collected by the investigator. The specimens were
pressed, identified and authenticated by reconfirming at the National Herbarium of Addis Ababa
Universty usng Ethiopian flora volumes and checking againgt identified specimens in the
herbarium. Voucher specimens of Dioscorea were numbered as 001/002 and deposited at the
National Herbarium, Addis Ababa Universty, under the name of the principal investigator.

2.3. SamplePreparation

Tuberswith no skin wounding were sd ected, washed, hand-peeled and cut into small pieces.
Samples were then divided into three groups:

o Samplesto be analyzed unprocessed (referred as raw)

e Samplesto be analyzed after boiling (referred as boiled) and

e Samplesto be analyzed after frying (referred as fried).
The unprocessed samples were milled into a fine powder which was stored in a bottl e until

analysis. The boiled and fried samples were processed as described bel ow.
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2.4. Processing techniques
Dioscorea samples were subjected to the foll owing process ng techniques:
e Boailing: The sampleswere boiled in distilled water on a stove for 40 minutes, after which
they were drained.
e Frying: The sampleswere fried in domestic cooking oil (100 per cent sunflower oil) for
10 minutes.
The processed samples were dried and then ground into a fine powder, which was stored in
bottlesuntil required for analysis. The experimental analyss was conducted at the Ethiopian
Health and Nutrition Research Institute (EHNRI) food chemistry laboratory.

2.5. Moisture Determination
A. Principle:

The amount of water present in the sampleis consgdered to be equal to the loss of weight after
drying the sample to constant weight. The moisture is removed from the sampl e by heating the
sample at 100 °c for 6 hoursin an oven (seefig. 2.1). The percent moisture present in the sample
is calculated by dividing theloss of weight of the sample by the weight of the wet sample and

multiplying with 100.

100 degres, & b .
5-10 g of dry sample b| Coal in dryer
Calculale o Waigh again

Figure2.1. Flow chart for determination of moisture content by dry oven method
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B. Materials:

e Oven, 100-102°C.
e Nickd dishes.
e Desccator. With granular silica gel (with avisual color change to indicate when

regeneration is required).
C. Procedure:

1. Dry an empty dish and lid in the oven for 15 minutes and transfer to the des ccator to cool
(10 minutes).

2. Weighthe empty dish and lid.

3. Mix the prepared sampl e thoroughly and transfer 5 g to the dish. Replacethelid and
weigh the dish and the contents as rapidly as possible.

4. Removethelid and placethe dish and the lid in the oven, avoiding contact of the dish
with the walls. Dry for 5 hours.

5. Remove the dish from the oven, replace thelid, cool in the des ccator, and reweigh when
cool ed.

6. Dry for further hour to ensure that the constant weight has been achieved (changein

weight between successive dryingsat 1 hour interval is< 5 mg).

D. Calculation:

% Moisture = (W2/W1) x 100

% Total solids=(W3/W1) x 100
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Where: W1= weight of the sample before drying

W3= weight of the sample after drying

W2=|oss of weight (W1-W3)

2.6. CrudeProtein Deter mination

A. Principle:

All nitrogen is converted to ammonia by digestion with a mixture of concentrated sulfuric acid

and concentrated orthophosphoric acid contai ning potassum sulfate asa boiling point raisng

agent and selenium as a catalyst. The ammoniare eased after alkalinization with sodium

hydroxide is steam ditilled into boric acid and titrated with sulfuric acid (seefig. 2.2). (Tecator

manual, 1979)

1 g=ample

E mlacid mix

70,1 h 25 ml irdicatersa1n,

S gcatahyst mix

. _hdigested =mple =oln,

+15mlwater

callect 150 mil ofdistillate

25 mlof 0% MaOH salution
Diatill ation

switchonthe steam

l

Titrate with 0.1 M =ulfuric acid
lzFarges toa reddishicolor)

b cosn

Figure2.2. Flow chart for determination of crude protein by Kje dahl method
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B. Materials and Reagents:
e Digedtion apparatus (aluminium block, tubes, etc).
e Tecator digtillation apparatus.
e Acid mixture (5 parts of concentrated Orthophosphoric acid (85%) with 100
parts of concentrated Sulfuric acid (98%y)).
e Selenium catalyst (0.5 g of selenium metal with 100 g of potassum sulfate).
e Hydrogen per oxide, 30 %.
e Sodium hydroxide 40 % (W/V). Dissolve 400 g NaOH in water and make up
to 1 liter.
e Boricacid-indicator solution.
A. Dissolve 75 mg bromocresol green and 50 mg methyl red in 100 ml of 99
% ethanol.
B. Dissolve50 g boric acid (H3BO3) in 1 liter of water (saturated solution).
C. To25ml of B add 10 drops of A.
e Sulfuricacid 0.1 N or 1 N.
e Standard ammonium chloride. Dissolve 4 g NH4Cl in water and makeup to 1
liter gorein the refrigerator.

C. Procedure:

i. Digestion:

OrganicN+HZSO4+ HeaI+CataIyst ------------------- >NH4HSO,4+H,0 +CO>»
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Digestion isaccomplished by boiling a homogeneous sample in concentrated sulfuric acid. The

end result isan ammonium sulfate solution.

1. Weigh 0.5-1.5 g dried samplein a Tecator tube.

2. Add 6 ml of the acid mixture from a pipette and mix.

3. Add step by step 3.5 ml of hydrogen peroxide. Watch out for violent reactions. As soon
asthe most violent reaction has ceased shakethe tube a few times and put it back into the
rack.

4. Add 3 g of the catalyst mixture. Let stand for 5-15 min before digestion.

5. With thetemperature of the digester at 37°C lower the tubes (in the rack) into the
digester. Locate the exhaust Manifold on top of the tubes and continue the digestion until
aclear solution is obtained, about 1 hour during this step excessive foaming may occur.

6. Transfer the tubesin therack into the fume hood for cooling.

7. Add 15 ml of water. Shake to avoid precipitation of sulfatein the solution.

ii. Distillation:

NH4HSO4 + 2NaOH ----------------- >NH3 + Na;SO4 + H,0
Excess base isadded to the digestion product to convert NH,4 to NH3. The NH3 isrecovered by

digtilling the reaction product.

1. Placea 150 ml conical flask containing 25 ml of the boric acid-indicator solution under
the condenser of the digtiller with itstipsimmersed into the solution.
2. Transfer the digested and diluted solution into the sample compartment of the digtiller.

Rinse the tubes with two portions of about 5 ml water and add the rinses.
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3. Add 25 ml of the 40 % sodium hydroxide solution into the compartment and rinse it
down with a small amount of water. Stopper and switch on the steam.

4. Distil 100 ml, and then lower the receiver so that thetip of the condenser is abovethe
surface of the ditillate. Continue the distillation until atotal volume of 150 ml is

collected. Rinsethetip with afew ml of water before the receiver isremoved.

iii. Titration:
Titration quantifies the amount of ammonia in the receiving solution. The amount of nitrogen in

a sampl e can be cal culated from the quantified amount of ammoniaionin the receiving solution

In direct titration, boric acid is used asthe receiving solution.

NH3 +H3BO3 -------=——mm - >NH,4 + H,BO'3
The boric acid capturesthe ammonia gas, forming an ammonium-borate complex. Asthe

ammonia collects, the color of the receiving solutions changes.

2NH 4+ H2BO3 + H,SO4 (NH)4 HSO4 +2H3BO3

D. Calculation:

Mg nitrogeninthesample=V x N x 14

Mg nitrogen/100 g sample = mg of nitrogen x 100/mg sample

Total nitrogen (%) =[(Vb—Vs) (N) (1.4007) / (W)]

Crude protein (%) = total nitrogen (%) x 6.25

Where: V = volume of sulfuric acid consumed
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14 = equivalent weight of nitrogen

Vb =mL titrant for the blank
Vs=mL titrant for the sample
N = Normality of the acid titrant (nominally 0.1)

1.4007 = asngle factor that takes into account the molecular weight of nitrogen, the

conversion of the milli-equivalent result of V*N, and the conversion to %.

W = the weight of samplein grams

Note:

The factor 6.25(100/16) is based on the fact that protein contains 16% nitrogen.
2.7.  CrudeFat Determination

A. Principle:

A dried, ground sampleis extracted with diethyl ether (peroxide free) which dissolvesfats, ails,
pigments and other fat soluble substances in a Soxhlet apparatus. The ether isthen evaporated
from the fat solution. Theresulting residue is weighed and referred to as crude fat (seefig. 2.3).
Low temperatures are used to evaporate the ether and remove residual moisture to prevent
oxidation of the fat. The amount of fat is calculated from the differencein weight of the

extraction flask before and after extraction. (Tecator manual, 1979).
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Figure2.3. Flow chart for determination of crude fat by Soxhlet's method.

B. Materials and Reagents:

e Soxhlet extraction apparatus

e Extraction flask, Extraction thimble

e Beaker
e Desccator

e Cotton (fat free)

e 0.5M potassium iodide (KI). Dissolve 8.3 g Kl in 100 ml water.

e Diethyl ether (Petroleum ether does not dissolve al of the plant lipid material, and

therefore it cannot be substituted for diethyl ether).

Dueto therisk of explosion, the ether must be checked for peroxides before use. Add 0.1-0.5 g

of sodium bicarbonate and about 1 ml of 0.5 M KI and about 10 ml ether to a glass soppered

tube. Shake and weight a minute. In the presence of peroxidesthe | will be oxidized to I,, which

givesayellow color. If peroxides are present they must be removed by shaking with ferrous

aulfate, Storein the dark in an aluminum container.

Note: 40 g of 30 % ferrous sulfate solution in water isadded to each liter of ether.

Caution: thereaction may be vigorous if the solvent containsa high concentration of peroxide
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C. Procedure:

1. Weigh a clean extraction flask that has been dried at 92°C for at least an hour and then
has been kept in the desiccator.

2. Cover the bottom of an extraction thimble with a2 cm layer of fat free cotton.

3. Weighin5 g of the dried sample (WD) — obtained after determination of moisture—in
the thimble and cover with alayer of fat free cotton.

4. Put thethimbleinto the extraction chamber.

5. Put on the cooling water.

6. Add 40 ml ether to the extraction flask through the condenser. Regulate the heating
devise so that the extraction container is emptied every 8" to 10" minute. Let the
extraction go on for at least 4 hrs.

7. Remove the extraction flask when the extraction container is nearly full with ether. Tilt
the extraction container and collect the ether in a waste beaker.

8. Reconnect the extraction flask and distill of as much ether as possible, and then
disconnect the extraction flask and put it in the drying oven at 92°C for at least 1 hr.

9. Putitinthe desiccator to cool for at least half an hour.

10. Weigh the extraction flask immediately after it istaken out of the des ccator.

D. Calculation:
W=wW2-W1
Fat g/100 g fresh sample = W x (100 - % moisture) / WD
Where: W = weight of fat
W2 = weight of extraction flask before extraction

W1 = weight of extraction flask after extraction
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WD = weight of dried sample
Remar ks: During extraction some ether will disappear even if the cooling is fairly good. Check
that there is enough ether during the whole run.
2.8. Crudefiber Deter mination
A. Principle:
A fat free or low fat content sampleistreated with boiling sulfuric acid and subsequently with
boiling potassum hydroxide or sodium hydroxide. Theresdue after subtraction of theashis

regarded asfiber (seefig.2.4) (Winton, 1947).

1-2 gofdefatted, dy =mmple + 200 Ball gently 30 min. 20 ml KOH
Ml sulfuric acid bailirg sl uton -
Stir occasionally
boil g=rithy for =tir
20 min occasioralhy
‘Wash residue with

washwith % sulfuric acid boiling water oo e with hot Filter

|ard filter "—‘distilledmater&ﬁlter "—

mash with bot
distilled water

Bfilter washwith hot
isti hwith
Washwith1 % NaOH and distilled bt b1 %sulfuric e Dry inthe ovenfor2 hat
filter cid,filterGuwashZH withwater 30 degrees
nater& filter acetore #

coal ina desiccatorand Trareferto the furrace for Cool ing desiccatar for 30
weigh MZ) - =0 minat 550600 degres min& weigh fsl )
Calculate

Figure2.4. Flow chart for determination of crude fiber.
B. Materials and Reagents:
e Beaker, watch glass, irrer

e Sintered glasscrucible
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e Vacuum pump
e Oven, desciccator
e Furnace
e 1.25% sulfuricacid (13 g conc. H2S04 (98%) weighed and made up to 1 liter)
e 1% sulfuricacid
e 1% NaOH
e 28%KOH
e Anhydrousacetone
Procedure:
Boiling:
Weigh 1-2 g of dry sample into a 600 ml beaker.
Add 200 ml 1.25 % H,S04. Boil for 30 minutes placing a watch glass over the mouth of
the beaker. Heat gently keeping the level constant with distilled water.
After 30 min, add 20 ml of 28 % KOH. Boil gently for a further 30 min, stirring

occasonally.

i. Filtration:

Cover the bottom of a sintered glass crucible with 10 mm sand and wet the layer of sand
with alittle distilled water.

Pour solution from beaker into sintered glass crucible and then turn on vacuum pump.
Rinse beaker wallswith hot, distilled water several times, transferring washings to

crucible. Filter.
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D.

Washing:

Wash residue in crucible with hot distilled water. Filter.
Repeat as 1.

Wash with 1 % H,SO.. Filter.

Wash with hot distilled water. Filter.

Wash with 1 % NaOH. Filter.

Wash with hot, distilled water. Filter.

Wash with 1 % H,S0,. Filter.

Wash with twice more with hot, distilled water. Filter.
Wash res due with anhydrous acetone.

Note: do not switch vacuum pump on until all the washing liquid has been poured onto

theresdue.

. Drying and combustion:

Dry crucible for 2 hrsin the eectric oven at 130°C.

Cool for 30 minin a desccator and then weigh (W1).

Note: Weigh immediatdy after taking out from the desiccators since the crude fiber is
hygroscopic.

Transfer crucibleto the furnace for 30 min at 550-600°C.

Cool in a desciccator and weigh (W5).

Calculation:

Crude fiber g/100 g = (W1 —W5>) (100 — M) /W3

Where: W = crucible weight before drying
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W = crucible weight after drying
W3 = sample dry weight
M = % moisture content of the sample

2.9. Soluble Carbohydrate Deter mination
Principle:
The percentage of soluble carbohydrate which cons sts of monosaccharides, oligosaccharides

and polysaccharidesis calculated by difference (Muller and Tobin, 1980).

%Soluble carbohydrate= % DM - (% EE + % CP + % ash + % CF).
Where: DM = dry matter

EE = ether extract or crude fat
CP = crude protein
CF = crude fiber
2.10. Ash Deter mination
A. Principle:

Organic matter is burned off at aslow atemperature as possble and the inorganic material
remaining is cooled and weighed. Heating is carried out in stages, first to derive the water, then
to char the product thoroughly and finally to ash at 550°C in a muffle furnace (AOAC, 1990).

Egofdry =mmple ina dish, place ona bot #shover night at 550 degres Remowe the dish
plate & slowty increase the tempe@ture cool ina desiccator

.

Wrfhancool to noomtempeature

Calculate = weighdish + Ash

Figure2.5. Flow chart for determination of ash content.
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B. Materials:

e Muffle furnace. Thermostatically controlled at 550°c
e Electric hot plate. With thermogtatic control
e Silicadishes. Diameter 8 cm, depth 2.5 cm (Note 1)
e Desccators. With fresh slicage des ccant.

C. Procedure:

1. Placethe requisite number of slica dishesinto a muffle furnace for 15 min or more.

2. Remove the dishes, cool in desccator for at least 1 hr and, when cool to room
temperature, weigh each dish.

3. Accurately weigh 5 g of material into each dish.

4. Placethe disheson a hot plate under a fume-hood and slowly increase the temperature (
Note 2) until smoking ceases and the samples become thoroughly charred.

5. Place the dishesing de the muffle furnace, as near to the center as possble and ash
overnight at 550°c.

6. Remove the dishes from the muffle and place in a desiccator for at least 1 hr to cool (the
ash should be clean and white in appearance. If traces of carbon are till evident, cool the
dish, add afew ml of water and stir with a glassrod to break up the ash. Dry on a steam
bath and then return to the muffle furnace for 24 hrs).

7. When cool to room temperature rewei gh each dish + ash.

8. Calculatethe weight of ash.

D. Calculation:
% Ash = (W,/W;) x 100
Where: W;= weight of sample

W= weight of ash
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2.11. Atomic absorption analysis of elements
A. Principle:

After removal of organic material by dry ashing or wet digestion theresdueisdissolved in dilute
acid. The solution is sprayed into the flame of Atomic Absorption Spectrophotometer (AAS) and
the absorption or emission of the metal to be analyzed is measured at a specific wavelength (see

fig. 2.6) (Issac and Johnson, 1975).

Treat mmple asho btained fromdny Dry ona lewtemparaturs hot plate Add 15 mlof3NHCI &
ashirgwith 510ml af 6N HEL heat the dish
Coal
Sfilter
Prepare a blank=aluton Dilute fifashithe dishat least 2 cool B Add 10 mlof 2NHCI ta
ardablanksolution  pl—————ftimezwithvter &filtarfll————-—  thedishard heat
uit hwater Filtar

Setthe irstrument Keaszure the calibetionand Preparz a calibration
the blanksalution graph
measure mmple
salution

Calci|ate the metal cone,
framthe graph

Figure2.6. Flow chart for atomic absorption analys's of e ements

B. Materials and Reagents:
e Atomic absorption spectrophotometer
e Glassware
e Hydrochloricacid: 6N, 3N, 0.3 N.
e Lanthanum chloride, 10 %.

e Distilled water. Good quality or deionized water.
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o Filter paper. Wash the filter papers before use with 3N hydrochloric acid to
remove trace of metals.

e Standard solutions. Dilute the stock standard solutions with 0.3 N HCI to
concentrations that fall with in the working range.

. Procedure:

Ash obtained from dry ashing:

. Treat the ash with 5-10 ml of 6N HCI to wet it completey, and carefully taketo dryness

on alow temperature hot plate.

. Add 15 ml of 3N HCI and heat the dish on the hot plate until the solution just bails.

. Cool and filter through a filter paper into a graduated flask retaining as much of the solids

aspossibleinthe dish.

. Add 10 ml of 3N HCI to the dish and heat until the solution just boils.

. Cool and filter into the graduated flask.

. Wash the dish at |east three times with water; filter the washingsinto the flask.

. If calciumisto be determined add 5 ml of lanthanum chloride solution per 100 ml of

solution.

. Cool and dilute the contents of the flask to the mark with water.

. Prepareablank by taking the amount of reagents through the above ingtructions.

Calibration of the appar atus and measur ement of the samples:

1. Settheapparatusaccording to the ingruction of the instrument.

2. Measurethe calibration solutions and the reagent blank solution.

3. While running the samples, periodically check that the calibration valuesremain

congtant.
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4. For the metalsrequired prepare a calibration curve by plotting the absorption or emisson
values againgt the metal concentration in pg/ml.

D. Calculation:

Read from the graph the metal concentration (pg/ml) that correspond to the absorption or

emission values of the sample and blank.
Metal content (mg/100 g) =[(a—b) x V] /10 W
Metal content (mg/kg) =[(a—b) x V] /W
Where: W = weight of samplesin grams
V = volume of extract in ml
a= pg/ml of metal in processed sample from calibration curve
b = pg/ml reading of the blank solution from calibration curve

2.12. Flame Phometric method for potassium deter mination

A. Principle:

After wet digestion of the sample, the potassum content is measured by flame photometer (see

fig. 2.7) (AOAC, 1984).
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2 gofmmple +20 mlof Bail garthy forl0 min, and cool to roomtemp. Filtarthe digested =olution
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=olution 5o lution A
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Figure2.7. Flow chart for determination of potassum.
B. Materials and Reagents:

e Flame filter photometer.

e Glassware

o Filter paper

e Nitricacid. Dilute nitric acid (sp.gr. 1.42) 1:1 with water.

e Distilled water (or deionized water).

e Acid washing liquid for glass ware. Dilute nitric acid (sp.gr. 1.42) to 100 ml with
distilled water.

e Potassum stock standard. 100 mg K/L. dry some potassium chloride at 105 °c for 2
hrs. weigh 190.7 mg of the dried product in water and make up to 1000 ml. keep this
solution in a polyethylene bottle.

e Potassum diluting solution. Weigh 3.8g of KCl. Dissolve in water and diluteto 1 L.

e Working standard solutions. Pipette 0, 5, 10, 15, 20 ml of KCI stock solution into 100
ml graduated flasks.. Dilute to the marks. These solutions contain 0, 0.5, 1.0, 1.5, and

1 mg K/100 ml respectively.
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Procedure:

Prepar ation of the sample:

Weigh 2 g of the sample on afilter paper.

Fold up the filter paper and transfer into a 250 ml Kjeldahl flask.

Add 20 ml of 1:1 dilute nitric acid.

Boil gently for about 10 min and cool to room temperature.

Filter the digested solution through a filter paper into a 100 ml graduated flask. Wash the
kjeldahl flask and the filter paper 3 times each with a100 ml of water.

Make up to 100 ml and mix (solution A).

Prepare a blank following the above instruction (solution B).

. Dilution of solutions:

Pipette 5 ml of solution A and B into a 100 ml graduated flask, make up to the mark and

mix (solution C and D).

i. Measurement:

Measure the sandard solution.

2. Prepareacalibration graph.

Measure the solutions C and D.
Calculation:
Read the concentrations (mg/100 ml) of solutions C and D from the calibration graph.
Let: The concentrations (mg/100 ml) be c and d.
Weight (g) of the sample=w
Then: K content (mg/100 g product) = [(c— d) x 20 x 100]/w
Where: 20 = dilution factor (100/5).

100 = final volume
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2.13. Phosphorous Deter mination
A. Principle:

The phosphorousis converted to phosphomolybdate, which isreduced to a blue molybdenum
compound by aminonaphthol sulphonic acid to give a blue molybdenum compound. The amount
of molybdenum blue formed in thisreaction is proportional to the amount of phosphorous
present in the sampl e and the absorbance is measured in a spectrophotometer at 660 nm against

digtilled water (seefig. 2.8) (AOAC, 1984)

. 3_
Pi + 12(NH,4)2M00Q4 ------------ > PM012040™ + 12(NHy)2 + 402
3
PM012049
+ s > molybdenum blue
NH,
N Non
VAV
S0.H
Diz=alue 1 gof=mpl=e ash Wrashwit hdeionized water
with 20 mi HE| [
Emlofthe mmple Add into a test tubs Takal mlofclearetact &
dilutian - dilute it to 50 rml with
deionized water
Add
5 Mix
S — Add
0.5 ml of mohybdate ;
ikt una 0.20 ml ofaminoraphtol iz and Read absorbance at BE0 nm
—-+ sulfonic acid ard calculate
. Let stard forl0 min
5 i J

Figure2.8. Flow chart for determination of phosphorus.
B. Materials and Reagents:

1. Spectrophotometer
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. volumetric flask

. Sulfuric acid 10 N: dilute 25 ml conc.sulfuric acid to 90 ml with water.

. Molybdate reagent: take 75 ml of 10 N H,SO4 in a 250 ml volumetric flask. Dissolvein a
beaker 6.25 g of ammonium molybdate in about 50 ml water. Transfer this solution into
the volumetric flask. Rinse the beaker with water and transfer the washings to the
volumetric flask. Finally make the volume up to 250 ml with water.

. Sodium sulphite, 20 %. Dissolve 2 g in 10 ml of water.

. Sodiumbisulphite, 15 %. Dissolve 7.5 gin 50 ml of water.

. Aminonaphthol sulphonic acid. In a 100 ml glass stoppered bottle weigh 100 mg of
aminonaphthol sulfonic acid and 39 ml of sodium bisulphate solution. Then add 1 ml of
sodium sul phite solution and shake again. If the solutionis not clear, add an additi onal
0.2 ml of sodium sulphite solution and shake again. If necessary, thisisrepeated until a
clear solution isobtained. Only 0.2 ml of sodium sulphite solution isadded each time.
Thisreagent iskept in the cold and is stable for four weeks only. A new solution must be
prepared every four weeks.

. Standard phosphorous solution: Dissolve 438.8 mg of KH2PO,4 (water free) in some
water in a100 ml volumetric flask, add 1 ml conc.H>SO4 and dilute to the mark with
water. This solution gives 1000ug P/ml.

. Procedure:

Dissolve and digest the total ash of 1gm of sample with 50 ml iron free HCI and wash it

guantitatively with deionized water into a100 ml volumetric flask.

. Take 1l ml of clear extract and dilute it to 100 ml with deionized water.

Add into atest tube:
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a. 5ml (duplicates) of the sample dilution
b. 0.5 ml molybdate mixture

¢. 0.20 ml aminonaphthol sulphonic acid. Mix.

d. Let sand for 10 min.

e. Read absorbance (A) at 660 nm againgt digtilled water.

With each analysis do simultaneously

1. Standard: Asabove but 5 ml of working standard in place of the sample dilution (reading
As).
2. Blank: Asabove but put 5 ml deionized water in place of the sample dilution (reading

Ab).

D. Calculation:

P mg/100g= AT —AB X 50x100x100

Sope Wx1000

Where: At = absorbance of test
Ag = absorbance of blank
50 = ash dilution
100 = dilution factor
W = weight of sample

1000= to convert pg into mg
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2.14. Determination of Oxalate

A. Principle:

The extract of oxalate (asoxalic acid) is determined by titrating against 0.1 N KMnO,4 solution.

(Seefig. 2.9) (AOAC, 1984).

2- 2-
C,074+ 2KMnNnOy4 ------------ >KoC04+2MnNO7 4
Extract Z2g offirhy
grourd mmple with - -
100 mi of bailirg Filterand further e stract the Filterand adjust
deionized water far - - — to 200 mi
20 minUtes adjust to 200 mi residue with1 50 ml of bailirg
1 W HCI for 30 mingtes
Prepanz 0.1 M potassium perrmengarate Combire the two filtrates
=salutionard stardardize with=odium ‘_ ard record the valume
oxalate
Titr:lte.tl'emrnple.extmctwiththe measure the wvolume of tit mnt Calculate the 2 mo unt of
stapdardized pota=ium permarearate _ avalate from Gtrart volume
=aluton 1e=d to tit Ate the =mmple ext@ct

Figure2.9. Flow chart for determination of oxalate by titration

B. Materials and Reagents:
e Analytical balance

e Thermometer

o Water bath
e Desccator

o Tissue paper
o Filter paper
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e Spatula

o Beaker

e Burette

e Analytical reagent grade potassum permanganate
e Analytical reagent grade sodium oxalate

e Sulfuric acid

e Deionized water

Procedure;

Extraction of Oxalate

Two grams of finely ground sample extract with 100 ml of boiling deionized water for 30
min.

Filter and adjust to 200 ml.

Further extract the residue with 150 ml of boiling 1 M HCI for 30 min.

Filter and adjust to 200 ml.

Combine the two filtrates.

Record the volume of the two extract.

Theamount of oxalate will be determined by titration of the extract with potassum

permanganate.

ii. Preparation of 0.1 N potassium per manganate

Weigh out about 3.2-3.25 g Analytical Reagent grade potassum permanganate on a

watch glass. Transfer it into a 1500 ml beaker.
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Add 1 liter deionized water. Cover the beaker with a clock glass. Heat the solution to boil
gently for 15-20 min and allow the solution to cool to room temperature.

Filter the solution through a funnel.

Collect the filtrate in a vessel which has been cleaned with chromic acid mixture and then
thoroughly washed with distilled water.

Thefiltered solution should be stored in a clean, glass stoppered bottle. Bekeptina
bottle of dark or in diffuse light except when in use.

Alternatively, it may be kept in a bottle of dark brown colored glass.

Standardi ze the solution with sodium oxalate.

Standar dization of permanganate solutions with sodium oxalate

Dry some Analytical reagent grade sodium oxalate at 105-110°c for 2 hrsand allow it to
cool inacovered vessd in a desiccator.

Weigh out accurately from a weighing bottle about 0.3 g of the dry sodium oxalate into a
600 ml beaker.

Add 240 ml of recently prepared ditilled water and 12.5 ml of concentrated sulfuric acid
(caution) or 250 ml of 2N sulfuric acid.

Cool to 25-30°c and tir until the oxalate has dissol ved.

Put 0.1 N potassum permanganate into the titration burette.

Add 90-95 % of the required quantity of permanganate solution from a burette at a rate of
25-35 ml per minute while gtirring slowly.

Heat to 55-60°c (use a thermometer asa stirring rod) and complete the titration by adding

permanganate solution until a faint pink color persist for 30 seconds.
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8. Addthelast 0.5-1 ml drop wise, with particular care to allow each drop to become
decolorized before the next is introduced.

9. Repeat the determination with two other smilar quantities of sodium oxalate.

D. Calculation:

% oxalate = V1 X N X Eq.wt

V2 X W

Where: V1 = volume of permanganate

N = normality of permanganate

Eqg.wt = equivalent weight of permanganate = 26.8

V2 = extract volume of oxalate

W = weight of the sample

2.15. Condensed Tannin Deter mination

A. Principle:

Condensed tannin will be extracted from the sample and all owed to react with vanillin (4-
Hydroxy-3-methoxybenzal dehyde, CsHgO3) to form a colored solution which has absorption
maxima at 500 nm; the concentration of the condensed tannin will be determined from a standard

curve prepared from D-catechin (seefig. 2.10) (Burns, 1971).

CgHgO3 + Condensed tannin -------===------ > Colored solution
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Figure2.10. Flow chart for determination of tannin.

B. Materials and Reagents:

e Analytical balance

e Centrifuge

e Mechanical shaker

e Cuvette

e Micro pipette

e Spectrophotometer

e Tissue paper
o Tedt tube

e Spatula

e Hydrochloric acid

e Vanillin
e D-catechin
e Methanol
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C. Procedure:
i. Extraction:
1. Weigh1 g of sampleinascrew cap test tube.
2. Add 10 ml of 1 % HCI in methanol to the tube containing sample.lid
3. Put thetube on mechanical shaker for 24 hr at room temperature.
4. Centrifugethetube at 1000 g for 5 min.
5. Takel ml of supernatant and mix with 5 ml of vanillin-HCI reagent in another test tube.
6. Wait for 20 min to complete the reaction.

7. Read the absorbance at 500 nm.

i. Standard solution prepar ation:

D-catechin isused as the standard value of tannin in mg D-catechin/ g of sample.

1. Weigh 40 mg D-Catechin and dissolve in 100 ml of 1 % HCI in methanol.

2. Take0,0.2,0.4,0.6,0.8and 1 ml of stock solution in atest tube.

3. Adjust volume of each tube (NO.3) to 1 ml with 1% HCI in methanol.

4. Add5 ml of vanillin-HCI reagent in each tube (4 % vanillin in methanol and 8% HCI in
methanol in 1:1 proportion).

5. Wait for 20 min to complete the reaction.

6. Read the absorbance at 500 nm.

7. Referencecurveis prepared from the series of standard solution.

Calculation:
Using the equation for a straight line, y =mx + b

Where: y = absorbance
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m = slope
X = concentration
b = intercept
The concentration (x) in mg/ml can becalculatedas. x=y—b
m

Since the concentration isin mg/ml this concentration should be converted into mg/g, to convert

this density of the sample-extraction solvent isincluded in the formula.

Therefore the tannin concentration in mg/g is calculated as:

Tannin in mg/g = Absorbance — Intercept x 1

Slope x W p
Where: p = density of the sample-extraction solvent mixture = 0.793g/ml
W = weight (given in grams) of the sample
2.16. Phytate Deter mination
A. Principle:
After extraction with HCI, phytate present in the samplereacts with Wade reagent and the
absorbance of the resulting solution will be read on a spectrophotometer at 500 nm and the
concentration of phytate present in the sample will be determined from phytic acid standard

curve (seefig. 2.11) (Vaintraub and Lapteva, 1988).
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Figure2.11. Flow chart for determination of phytate.

B. Materials and Reagents:

e spectrophotometer

e Analytical balance

e Centrifuge

e Vortex mixer

e Cuvette
e Pipette
e Water bath

e Hydrochloric acid

e Analytical reagent grade sodium salts of phytic acid

e FeCl3.6H,0

e Sulfosacilicacid
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C. Procedure:

Extraction:

0.5 gm of dried sample will be extracted with 10 ml 2.4 % HCI for 1 hr at an ambient
temperature and centrifuge (3000rpm/30 min). The clear supernatant will be used for
phytate determination.

1 ml of Wade reagent (0.03 % solution of FeCl3.6H,0 containing 0.3 % sulfosalcilic acid
in water) will be added to 3 ml of the sample solution and the mixture will be centrifuged.
The absorbance at 500 nm will be measured using spectrophotometer.

The phytate concentration will be cal culated from the difference between the absorbance
of the control (3 ml of water + 1 ml of Wade reagent) and that of assayed sample.

The concentration will be calculated using phytic acid standard curve and the result will

be expressed as phytic acid in mg/100 g fresh weight.

i. Standard solution prepar ation

3 ml of standard will be pippeted into 15 ml centrifuge tubes with 3 ml of water used asa
zero level (blank).

Series of standard solution will be prepared containing 5-40 pug /ml phytic acidin 0.2 N
HCI (Latta and eskin.1980).

1 ml of the Wade reagent will be added to each tube and the solution will be mixed on a
vortex mixer for 5 seconds.

The mixture will be centrifuged for 10 min and the absorbance of the supernatant will be

read at 500 nm by using water to zero the spectrophotometer.
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D. Calculation:
Using the equation for a straight line: y = mx + b,
Where: y = absorbance
m = slope
X = concentration
b = intercept
The concentration (x) in ug/ml can be calculatedas: x=y—b

m

Since the concentration isin pug/ml this concentration should be converted into pug/g, to convert

this density of the sample-extraction solvent isincluded in the formula.

Therefore, the phytic acid concentration in pg/g will be calculated as:

Phyticacidinpug/g= Absorbance —Intercept X 1 x 10

Slope x W p 3
Where: p = density of the sample-extraction solvent mixture = 1g/ml
W= weight (given in gram) of the sample
10 = volume of extraction solvent
3 = volume of sampl e reacted with wade reagent
217. Statistical analysis

Each analysis was performed in duplicate and if the difference between the duplicate was greater
than 0.5%, another analysis was performed and the result which was nearer to the third analysis

was taken from the duplicate.
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Datawere analyzed using the statistical analyss syssem SPSS (SPSS Software for windows
reease 16.0; SPSSInc., Chicago, IL, USA). Analysis of variance, T test and mean were

calculated. Significance was set at 5% level (p-value = 0.05).
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3. RESULT

The proximate composition of yellow and white Dioscoreatubersis presented in Table 3.1. The
proximate composition reveals high content of moisture, ash and carbohydrate with a
comparable smilarity between the two tubers (P>0.05). Thereisalso no sgnificant differencein

the fat, protein and fiber contents of the two tubers (P>0.05).

Table 3.1 Proximate composition of raw, boiled and fried yellow and white Dioscorea tubers.

Sample Type Moistur | Dry Ash % Fat % | Protein | Fiber Carbohy
e% Matter% % % drate %
Yelow Raw 69.56 30.44+0 | 4.10+0. | 0.35+0. | 1.85+0. | 3.19+0. | 20.95+0
+02 c| .1 c |01 01 c| 04 c|05 bc|.1 bec
Yam Boiled 71.49 31.51+0 | 2.49+0. | 0.35 1.70 16.1 10.87
+0.4 A 02 +0.01 +0.01 +0.01 b | +0.01ab
Fried 5.83+0. | 94.17+0 | 2.47 9.61 477 259 60.86+0
2 c|.b5 c | +0.01 +001 c|+0.2 ¢ | +0.02ac | .01 c
White Raw 73.44 26.56+0 | 4.62+0. | 0.18+0. | 2.03+0. | 2.68+0. | 17+0.06
+05 ¢ | .2 c |01 01 c| 03 c |03 bclc
Yam Boiled 74.92 30.86+0 | 2.64 0.15 2.88 5.27 19.92+0
+0.4 A +0.01 +0.01 +0.02 +0.0lab | .01 a
Fried 3.59 96.41+0 | 2.64 9.78 5.36 8.51 70.12+0
+02 c | 4 c | +0.02 +0.02 c| +0.1 c | +0.02ac | .02 c

All values are means of duplicate determinations expressed in fresh weight basis. + denotes standard error.
a. Significant difference (P<0.05) between the two varieties

b. significant difference (p<0.05) between raw and boiled samples of the same variety

c. significant difference (p<0.05) between raw and fried samples of the same variety
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Table 3.2 shows the mineral composition of the investigated yam tubers.

Table 3.2 Mineral composition of raw, boiled and fried yellow and white Dioscorea tubers.

Sample Type Cdcium Phosphorous | Iron Zinc Copper Potassium
(mg/100g) | (mg/100g) | (Mg/100g) | (mg/100g) | (mg/100g) | (Mmg/1009)
52.55 12.89 1.95 1.01 0.29 53.33
+0.02 +0.01 +0.01 +0.02 c
Raw +0.01 bc +0.01
Yellow 90.22 7.11 4.26 0.79 0.29 44.30
. +0.02 ab +0.01 +0.01 +0.01
Boiled +0.02 +0.02
Yam - -
77.63 7.08 4.59 0.63 0.27 145.55
Fried +0.02 c¢ | +0.01 +0.01 +0.02 +0.01 +0.03 c
60.52 12.95 3.25 1.10 0.29 5241
Raw +0.01 c | +0.02 +0.01 +0.01 +0.01 +0.01 c
White 67.78 7.84 3.68 111 0.21 42.72
. +001 a | +0.01 +0.01 +0.01 +0.01 +0.02
Boiled
Yam
85.78 11.83 4.12 0.68 0.25 145.26
Fried +0.03 c | +0.02 +0.01 +0.01 +0.01 +0.02 c

All values are means of duplicate determinations expressed in fresh weight basis. + denotes standard error.
a. Significant difference (P<0.05) between the two varieties

b. significant difference (p<0.05) between raw and boiled samples of the same variety
c. significant difference (p<0.05) between raw and fried samples of the same variety

Calcium and potassum are the major minerals found in both tubers. There were no significant

(P>0.05) differencesin the calcium, phosphorus, iron, zinc, copper and potassium composition

of thetwo tubers.

Theanti-nutritional factors phytate, tannins, and oxalate, are presented in Table 3.3.
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Table 3.3 Anti nutrient composition of raw, boiled and fried yellow and white Dioscorea tubers.

Sample Type Phytate (mg/100g) | Tannin (mg/100g) | Oxalate (mg/100g)
Raw | 38.2+0.002 b,c | 22.2+0.001 b,c | 0.006 +0.001
Boiled | 21.2+0.001 b | BDL b | BDL
Yellow yam
Fried | 22.4+0.001 c|109+0.001 ac | BDL
Raw | 34.8+0.002 b,c | 28.8+0.002 b,c | 0.006 +0.001
Whiteyam | Boiled | 20.8+0.001 b | BDL b | BDL
Fried | 21.1+0.001 c |253+0.001 ac | BDL

All values are means of duplicate determinations expressed in fresh weight basis. + denotes standard error.
BDL= Below Detection Limit

a. Significant difference (P<0.05) between the two varieties

b. significant difference (p<0.05) between raw and boiled samples of the same variety

c. significant difference (p<0.05) between raw and fried samples of the same variety

Thereisno atigtically significant difference (p>0.05) in the phytate, tannin and oxalate contents
of the two tubers though the white yam contains relatively higher amounts of phytate and tannin.
The oxalate content in both tubersis very low and smilar.

Many foods including the root crops cannot be digested in their natural state and hence requires
cooking, which increases the palatability, the keeping qualities and the safety of the foods from
potentially toxic substances (Bradbury and Holloway, 1988). The effect of boiling and frying on
the proximate composition, mineral and anti nutritional factor content is presented in figures 3.1-
3.6.

Effect of boiling and frying on the proximate composition of yellow and white Dioscorea tubers

ispresented in figures 3.1 and 3.2.
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Fig 3.1. Effect of boiling and frying on the proximate composition of yellow yam
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Fig 3.2. Effect of boiling and frying on the proximate composition of white yam
The moisture contents are increased whereas ash and fat contents are decreased by boiling but

not gatistically significant (p>0.05) where asthe fiber content is significantly increased (p<0.05)
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in both tubers after boiling. The protein content is decreased in the yellow yam whereasit is
increased in the white yam. However, in both casesit is not significant (p>0.05). Thereis
inggnificant (p>0.05) increase in the carbohydrate content in the white tuber and a significant

decrease (p<0.05) is observed in the yellow tuber.

The moisture and ash contents of both tubersare significantly decreased (p<0.05) after frying.
Thefat content is Sgnificantly increased (p<0.05) in both tubers.
Effect of boiling and frying on the mineral composition of yellow and white Dioscorea tubersis

presented in figures 3.3 and 3.4.
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Fig 3.3. Effect of boiling and frying on the mineral composition of yellow yam
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Fig 3.4. Effect of boiling and frying on the mineral composition of white yam

Boiling significantly increases (p<0.05) the calcium content in the yellow tuber where as the

contents of phosphorous and potassum decreased in both the tubers.
Frying significantly increases (p<0.05) the calcium and potassium contents of both the tubers.

Effect of boiling and frying on the anti nutritional factors compostion of yellow and white

Dioscorea tubersis presented in figures 3.5 and 3.6.
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Fig 3.5. Effect of boiling and frying on anti nutritional composition of yellow yam
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Fig 3.6. Effect of boiling and frying on the anti nutritional composition of white yam
Boiling significantly reduced (P<0.05) the level of phytate, tanninsand oxalatein both tubers.
Frying significantly reduced (P<0.05) phytate, tannin and oxalate contentsin both tubers. Tannin
levels were below detection limit in both tubers after boiling. The levels of oxalate were below

detection limitsin both tubers after both types of treatments.

For the raw, boiled and fried yellow yam and for the raw, boiled and fried white yam tubers, the
energy valuesare 94.39, 53.51, 349.01, 78.14, 92.59, and 389.94 Kcal per 100 g of fresh weight
respectively. The relatively high energy values for the fried samples may be attributable to the oil
which isused for the preparation of the fried samples. In contrast the low level of energy in the
raw and boiled samples could be attributable to very low levels of fat and protein aswell as high

levels of moisturein the samples.
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4. DISCUSSION
Moisture contents of the tubers were 69.56+0.2 g/100g for yellow tuber and 73.44+0.5 for white

tuber. There were no gatistically sgnificant (P>0.05) difference in the moisture contents
between the two tubers. Comparabl e moisture contents (74.5 g/100g) have been reported for
Dioscorea species (EHNRI, 1997). The observed high moisture levels of the tubers may
influence the textural quality of yellow and white Dioscorea food products or keeping quality of
the tubers. The moigture content of a food sampl e reflects the amount of solid matter in the
sample. The higher the moisture content, the higher the rate of spoilage. Yam is, however,

processed to flour and stored for various food products.

Ash content isareflection of mineral status, even though contamination can indicate a high
concentration in a sample. The amount of ash in atuber depends on the type of soil from which it
was harvested, the moisture content and the maturity of the crop (Osagie, A.U. 1992). Values
were 4.1+0.01 g/100g and 4.62+0.01 g/100g on fresh weight basis for the yellow and white
tubersrespectively. The findings of thisinvestigation is significantly different (P<0.05) from
previousreports of 1.1g/100g on fresh weight basis by EHNRI (EHNRI, 1997) for yam tubers.
This difference may be attributed to the localities from which the tubers were collected and

varietal effect.

Crude fat was generally low in the investigated tubers. The yellow tuber has 0.35+0.01 g/100g
and the white tuber has 0.18+0.01 g/100g of fat on fresh weight bass. A comparably low leve of
fat (0.1g/100g on fresh weight bass) wasreported by EHNRI (EHNRI, 1997) and FAO (0.1 and
0.2 g/100g on fresh weight bas s). Theresult of thisinvestigation is not sgnificantly different

(p>0.05) the reports of EHNRI and FAO. The low level of crude fats in both tubers may be of
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benefit to individuals suffering from hyperlipidaemia because of therole of fat in potentiating

one srisk of deve oping certain kinds of cancer and heart disease.

Protein is essential in the human diet for growth. Protein content of the yellow and white
Dioscorea tubers were 6.1+0.12 g/100g and 7.64+0.1 g/100g on dry weight basis (1.85+0.04 and
2.03+0.03 g/100g on fresh weight bases) respectively. There were no varietal differencesin
protein content of the test tubers. A Similar low proteinlevel (1.5 g/100g on fresh weight bases)
was reported by FAO on D.cayenensis-D.rotundata complex. Thetubersinvestigated in this
study cannot contribute to the daily protein requirement of 23-56g for humans (National
Research Council, 1974). Thelow leves of protein in these samples would therefore require
dietary supplementation with animal proteins or complementary proteins from legumes

especially in diets meant for children and pregnant women.

Fiber content of the tubers was 10.48+0.1 % and 10.1+0.11 % on dry weight basi s (3.19+0.05 %
and 2.68+0.03 % on fresh weight basis) for the yellow and white tuber respectively. Dietary
fiber isan essential component in human and animal nutrition (Johansen., et al, 1993). A high
intake of Dietary fiber is positively related to different physiological and metabolic effects. It
contributes less to calories, and can bind and flush cholesterol, carcinogens and undesirable
chemicals from the body. It provides bulk, regulates intestinal motility and thereby helpsto
prevent the development of diverticulosis and chronic diseasesincluding coronary heart disease,
colonal cancer and other disorders of the gastrointestinal lining (Topping, D.L. and Clifton, D.L.
2001). Ceredl grains, particularly whole grains are the most important sources of Dietary fiber
(Dongowski., et al, 2002). Whole oat flour typically has 14% Dietary fiber, whole wheat flour

12% and whole brown rice 5%. Even at these low levels, the fiber contents of whole-grain flours
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would have a significant impact on performance (Best, D. 2005). In both tubers, Dietary fiber
contents were as high as 10 %, higher than those reported in brown rice and more comparabl e to
that of whole wheat flour. Woolfe (Woolfe, J.A. 1987) reported that yam flour has higher levels
of fibre than potato flour, refined wheat flour, maize and rice. Intake of Dietary fiber could,
therefore, be increased by the consumption of foods from ye low and white yam or by
incorporating them into other sensorially accepted foods. The high Dietary fiber of yellow and
white yams could also be of significance in the formulation of dietsfor diabeticsand other health

conscious individuals.

The carbohydrate contents were 20.96+0.1% and 19.0+0.06% for the yellow and white tubers
respectively on fresh weight bases. A comparableresult (21.2 g/100g on fresh weight bases) of
carbohydrate on raw Dioscorea tubers was reported by EHNRI (EHNRI, 1997). The high levels
of total carbohydrate in the investigated tubers indicate that they contribute significantly to the

energy content of the food materials.

The mineral composition of yellow and white Dioscorea tubersis presented in figures 3.3 and
3.4.

Phosphorusisfound in most foods becauseit isacritical component of all living organisms.
About 800 mg of Pisrecommended for adults per day. A value of 12.89+0.02 mg/100g and
12.95+0.02 mg/100g on fresh weight basis was obtained for the yellow and white tubers
respectively. Yam garchesare reported to contain 3-4 times as much phosphorus as found in
cassava and aroid ones (Moorthy, S.N. 1994). Moorthy and Nair (Moorthy, SN. and Nair, S. G.
1989) reported 0.11 and 0.015% phosphorusin D. rotundata grown in India. The value being

reported in this study (12.89 and 12.95 mg/100g) is significantly lower than the reports of
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EHNRI, 56.8, 29.4 and 68.1 mg/100g on fresh weight bass for the yams collected from Welita,
Metekel and Sidama respectively (EHNRI, 19997). This difference could be dueto varietal and

environmental differences.

Calcium contents were found to be 172.63+0.03 mg/100g and 227.86+0.06 mg/100g on dry
weight basis (52.55+0.01 and 60.52+0.01 mg/100g on fresh weight basis) for the yellow and
white yam respectively. There were no significant differences (p>0.05) between the two tubers.
Inasmilar sudy on yam, Dilworth et al. (Dilworth, et al., 2007) obtained 300 mg/kg calciumin
cooked yellow yam and 410 mg/kg calcium in the uncooked. 14.3—-46.9 mg/100 g on fresh
weight basis has also been reported in wild yams (Bhandari, M.R et al 2003). The high calcium
content found in this study could be due to environmental differences from which the tubers
were collected. The RDA for calcium isabout 800-1200 mg for adults. Mineral calciumisvital
for the devel opment of healthy bones and teeth. It isalso needed for muscle contraction and
regulation of the heartbeat, and isinvolved in the formation of blood clots. A long-term shortage
of calcium can lead to osteoporos's, when the bones become brittle and break easily. Y ellow and

white Dioscorea, from this study, may contribute to calcium requirement to their consumers.

The yellow and white tubers had potassum content of about 175.21+0.04 mg/100 g and
172.17+0.05 mg/100 g on dry weight bas s (53.3+0.02 mg/100g and 52.41+0.01 mg/100g on
fresh weight basis). A sgnificantly higher (p<0.05) potassum content (250-560 mg/100 g on
fresh weight bases) has been reported by Bhandari (Bhandari, M.R et al 2003). This difference
could be due to environmental differences. Potassum isa mineral that helps the kidneysto

function normally and control blood pressure. With thislow content of K in the varieties, yelow
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and white Dioscorea may not be recommended for peopl e with high blood pressure (Osagie,
A.U. 1992) but may be suitable for people with renal failure. The proper balance of potassumin
the body depends on sodium. Therefore, an excessive use of sodium may deplete the body’ s
stores of potassum. Daily intake of potassum (K) between 1875 and 5625 mg is consdered

adequate and safe, however, too much can be harmful.

The measured contents of Cu were 0.95+0.01 mg/100g and 1.09+0.01 mg/100g on dry wei ght
bases (0.29+0.01 mg/100g and 0.29+0.01 mg/100g on fresh weight bases) for the yellow and
white yam respectively. The values in this sudy seem to be comparabl e (p>0.05) to what was
obtained (0.10-0.21 mg/100 g fresh weight bases) in wild yams by Bhandari et al. (Bhandari,
M.R et a 2003). Too much Cu can be harmful, however, 2 to 3 mg/day intakeis considered
adequate and safe. Good sourcesareliver, shellfish, whole grains, legumesand nuts, Cuis
believed to help the body to absorb and use iron in making haemoglobin. It also helps the body

to get energy from food.

Contents of Zn were 3.32+0.01 mg/100g and 4.14+0.01 mg/100g in dry weight bases (1.01+0.01
mg/100g and 1.1+0.01mg/100g on fresh weight bases) for the yellow and white yam
respectively. The amount recommended is 15 mg/day for adults and good sources are sea foods,
meat, fish and whole grains. With the range of zinc content of yellow and white Dioscorea, the
species could be recommended for diet formulations for hypertensive patients. Lower zinc
contents (0.22—-0.53 mg/100g on fresh weight bases) were reported by Bhandari et al. (Bhandari,

M.R et a 2003) in wild yams. Zn helpsto regulate many of the human body’ s processes. Itis
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essential for survival and deficiency has serious consequences for health (Brown, K. H. and

Wuehler, S.E. 2000).

Theiron contents of the yellow and white tubers were 6.4+0.01 mg/100g and 12.24+0.02
mg/100g on dry weight bases (1.95+0.01 mg/100g and 3.25+0.01 mg/100g on fresh weight
bases) respectively. A comparable (p>0.05) result was reported by Bhandari et a that reported a

range of iron contents of 0.39—-2.92 mg/100g on fresh weight bases (Bhandari, M.R et a 2003).

The phytate content of the yelow tuber is 125.49+0.006 mg/100g and 131.02+0.009 mg/100g
for the white tuber. These valuesarereatively lower than that reported for D. rotundata and D.
esculenta (Uka, 1985). Theimplication of the low values of phytate in these tubersisthat the
tubers will contain available minerals for absorption in the body. Thereis also current support for
the suppostion that reduced levels of phytate may enhance health through anti oxidant and anti

carcinogenic activity (Sirkka, 1997).

Thetannin contents for the yellow and white tubersare 72.93+0.002 mg/100g and 108.43+0.002
mg/100g on dry weight bas s respectively. The values are sgnificantly higher (p<0.05) than that
reported for D. rotundata (20 mg/100g on dry weight bas s) by Uka (1985), which implies that
less protein may be availablein the yellow and white yam varitiesthan in D. rotundata reported
by Uka dueto protein-tannin complex formation. However, it isimportant to note that boiling of
yam tubers before consumption will eliminate or reducethe level of tanninin the food system

thereby making the protein available.
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The oxalate contents of both tubers are 0.02+0.001 mg/100g on dry weight bases. Thisvalueis
sgnificantly lower (p<0.05) than that reported for D.caynens s-D.rotundata complex (0.43-0.96
mg/100g on dry weight bases) by Nestor et al (Nestor., et al., 2010). When oxalate is consumed,
itirritatesthelining of the gut and can prove fatal in large doses. Oxalate is acommon and wide-
spread component of most plant families. However, thelevels of oxalate in the investigated yam

tubersare low, it isthe high concentrationsif consumed daily that are of concern.

INVESTIGATION OF THE EFFECT OF BOILING AND FRYING ON THE
PROXIMATE COMPOSITION, MINERALS AND ANTI NUTRIENT CONTENTS OF
YELLOW AND WHITE YAM TUBERS

For both tubers, boiling decreased moisture, ash and fat contents but the fiber content is
increased in both tubers. The protein content is decreased in the yellow yam whereasit is
increased in the white yam. The carbohydrate content is slightly increased in both tubers.

The effect of boiling on the protein contents of the two tubersis different. Afoakwa and Sefa-
Dedeh (Afoakwa and Sefa-Dedeh, 2001) reported the differencesin composition of Dioscorea
dumetorum tubers after processing are due to various differences in other components of the
investigated tubers. The different effect of boiling on the protein contents of the yellow and
white tubers may be dueto the slight differencesin other components between the two tubers.

Frying sgnificantly increases the fat contents in both tubers.

Boiling decreased phosphorous, zinc, copper and potassum contents in both tubers. The calcium
and iron contents areincreased in the yellow tuber where astheir contents are decreased in the

white yam. The decrease of some of the minerals after boiling may be dueto their great
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solubility in water during hydrothermal treatment, smilarly to those reported by Akin-ldowu et
a (Nestor et al, 2010). Frying significantly decreased the mineral contentsin both tubers. The
decreasein the mineral contents may be attributable to the reduction in the ash contentsand an

increase in the fat contents after frying.

Theanti nutrients occur in varying concentrations. The reduction of anti nutrientsis expected to
enhance the nutritional value of the investigated tubers. The anti nutritional factors, particularly
phytate and tannin, though showing a high concentration in raw tubers, should not pose a

problem in human consumption if the tubers are properly processed.

Leve s of phytate in theinvestigated tubers were lower than the values reported for Dioscorea
species (Bhandari and Kawabata, 2006). The phytate content of a plant could be determined by
the availability of phosphorusin the environment (Raboy and Dickinson, 1993; Buerkert et al .,
1998). Environmental changes, locality, soil types, genetics, irrigation conditions, year and
fertilizer treatment can al so affect the phytate and phosphorus content (Dost and Tokul, 2006).
Boiling significantly decreased the phytate content in both tubers. The significant reduction in
phytic acid during boiling may be caused by leaching into the cooking medium, degeneration by
heat or the formation of insoluble complexes between phytate and other components, such as
phytate-protein and phytate-protein-mineral complexes (Siddhuraju and Becker, 2001). Cooking
has been reported to lower the phytate levelsin yam (Bhandari and Kawabata, 2006). Frying al so
significantly reduced the phytate contentsin both tubers. A reduction of 74.1 % and 88.1 % were

found for yellow and white yam tubers respectively.
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Boiling significantly reduces tannin contents in both tubers. A reduction in the tannin contents
during boiling may be dueto heat degradation of the tannin molecules or to the formation of
water-soluble complexes. Frying also sgnificantly reduced the phytate contentsin both tubers.
When Oxalate containing foods are eaten, they impart an acrid taste or cause irritation (Holloway
et al., 1989). Oxalates reduce cal cium absorption and promoting the formation of kidney stones
(Noonan and Savage, 1999), hence they can have a harmful effect on human nutrition and health.
Thelevels of oxalatesin theinvestigated tubers were very low and both boiling and frying was
found to be effectivein reducing the oxalate content of the tubersunder investigation. Boiling
may cause cons derable cell rupture and facilitate the |eakage of soluble oxalate into cooking
water (Albihn and Savage, 2001). The oxalate contents found in the yellow and white yam tubers
is sgnificantly lower than that reported for some Dioscorea species (Bhandari and Kawabata,

2006).

However, interms of energy, for instance, the consumption of up to 350 g per day per consumer
of raw, boiled and fried samples of yellow and white yams would provide energy values of
330.37, 187.29, 1221.54, 273.49, 324.07 and 1364.8 kcal on fresh weight respectively. The daily
energy requirement of 2500-3000 kcal has been reported for adults (Bingham, S., 1978). Again,
the FAO recommended range was 800-1200 kcal (FAO, 1972). It therefore follows that none of
the raw and processed samples would meet the daily energy need of an adult if consumed at
350g per day, and except for the fried samples none would al so meet the FAO recommended

values. These samples cannot therefore be consumed as the sole source of energy to humans.
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5. CONCLUSION

Based on the nutritional evaluation studies on yellow and white Dioscorea tubers collected from

Sheko, it can be concluded that

Both tubersare found to be a good source of crude fiber, carbohydrate and minerals.

e Theanti nutritional factors found in both the investigated tubers were lower than previous

reports.

e Both boiling and frying seem to be best for the removal / inactivation of anti-nutritional

factors.

e None of the raw and processed samples would meet the daily energy need of an adult if
consumed at 350qg per day, and except for the fried samples none would al so meet the
FAO recommended values. These samples cannot therefore be consumed as the sole

source of energy to humans.

6. RECOMMENDATION

In order to derive full nutritional potential from the yellow and white yam, they should be
consumed together with protein-and fat-giving foods since low energy may lead to low birth

weight and increased infant mortality.
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