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Abstract The aim of this study was to characterize 43

genotypes from five yam species [Dioscorea rotundata

(Poir), Dioscorea alata (Linn), Dioscorea bulbifera (Linn),

Dioscorea cayenensis (Lam) and Dioscorea dumetorum

(Kunith) Pax] which are major land races in Nigeria in

terms of their chemical composition, nutritional, anti-nu-

tritional and mineral bioavailability. Findings showed that

there was genotypic variation in terms of chemical com-

position, mineral profile and bioavailability of the minerals

among the germplasm. D. bulbifera had the highest cell

wall carbohydrates, (cellulose: 3.2%, hemicelluloses, 2.1%,

lignin, 1.1%, acid detergent fibre (ADF) 3.2%, neutral

detergent fibre (NDF) 6.4%), D. rotundata had the highest

oxalate (606 mg/kg). In conclusion, intra and inter-species

variations exist among the yam germplasm in terms of their

chemical composition, anti-nutritional and mineral

bioavailability. Phytate content of the yam genotypes did

not affect the bioavailability of Zn but Ca was affected

significantly. The Ox:Ca ratio in most of the yam varieties

were below one, thus bioavailability of Ca in yam by

oxalate is variety dependent.

Keywords Yam specie � Bioavailability � Minerals � Anti-
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Introduction

Yams produce edible starchy storage tubers which are of

cultural, economic and nutritional importance. In Nigeria,

yam is highly prized because it is an economic and a cer-

emonial crop. However, the crop is still underutilized

commercially though it has potential for enhanced value

addition and can generate foreign exchange (Orkwor

1998). West Africa accounts for 91% of yam production in

the world, while Nigeria accounts for 68% of the world’s

annual total production of yams (50 million tonnes) (FAO

2009). Despite this, Nigeria is not the largest exporter of

yam or yam products, and there exist very few products

from yam in both local and International markets. In other

words, yam utilization is limited to subsistence mode and

very little is processed commercially. This may be adduced

to lack of suitable raw materials; due to dearth of infor-

mation on the food quality of the tubers [substantial effort

is being put in research work directed towards increasing

yam production, improving yam marketing system,

breeding of disease resistant varieties (Bergh et al. 2012)]

which can identify their industrial potentials and post

harvest technologies that can be employed to utilize the

tubers to minimize post-harvest losses. Food quality in yam

include physico-chemical composition, nutritional (proxi-

mate, micronutrients, vitamins) and anti-nutritional factors

(phytic acid, tannin, oxalate) which are inherent in the

tuber and are significant in determining its utilization

(Otegbayo et al. 2010). Characterization of major landraces

in terms of their food quality will provide information on

chemical, nutritional composition, functional and physic-

ochemical properties of various yam species and varieties

that are widely cultivated in the country and stimulate

production of value added products through identification

of potential end uses of the yam landraces.
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Yam as a multi-species crop shows variation in its

properties across species and varieties. Genotypic diversity

of yams is wide, but very few reports are available on this

diversity and variability in Nigerian yams. There have been

reports on variability in chemical and physicochemical

composition of yams from other countries; Jamaica

(Muzac-Tucker et al.1993), Cote d’ivoire (Amani et al.

2004), Ethiopia (Tamiru et al. 2008), and Cameroon (Egbe

and Treche 1984), but there is dearth of these information

on Nigerian yam landraces. This research was focussed on

characterizing genetic diversity in terms of chemical,

nutritional, anti-nutritional composition, mineral profile

and bioavailability in some major Nigerian yam species (D.

rotundata, D. alata, D. bulbifera, D. cayenensis, and D.

dumetorum).

Materials and methods

Materials

Forty-three varieties of yam from D. rotundata (27), D.

alata (9), D. bulbifera (5), D. cayenensis (2), and D.

dumetorum (2), species were used for this study. The

materials were collected from two major yam growing

ecological zones in Nigeria; FCT, Abuja (Paikonkore Lat

8�590N long 7�20E and Dobi Lat 9�40N long 6�5300E),
Oyo North (Kisi; Budo Gawe, Budo Sanni, Iwo Lat

7�400N long 4�110E) and were planted at the research

farm of Bowen University, Iwo and harvested at matu-

rity (number of cultivars of each species is in

parenthesis).

Methods

Yam flour was prepared from the yam tubers by cutting off

the proximal and distal ends of the tubers; the middle

portion was used to prepare the flour for chemical analyses

as described by the method of Lape and Treche (1994).

Proximate analysis (moisture, crude protein and ash) were

determined by AOAC procedures (AOAC 2012). Starch

and Sugar content of the yam samples were assayed by the

method of Dubois et al. (1956) and Mcready (1970). Non-

starchy polysaccharides: insoluble dietary fiber was quan-

tified as hemicelluloses, cellulose and lignin by the AACC

(1992) method. Phytic acid was extracted and precipitated

by the method of Wheeler and Ferrel (1971). Tannin was

determined spectrophotometrically by the acidified vanillin

method as modified by Chang et al. (1994). Oxalate was

determined by the titrimetric method of AOAC (2012).

Mineral analysis: potassium, calcium, iron, aluminum,

zinc, cadmium, copper, magnesium, manganese, phos-

phorus, lead and selenium were determined according

atomic emission spectrometry (ICPAES) method (Zarcinas

et al. 1987). All analyses were done in triplicates and

results are presented on dry weight basis (DWB). All

reagents were analytical grades.

Statistical analysis

Data was analyzed using the SAS package (Statistical

Analysis Systems of SAS Institute, Inc) Analysis of vari-

ance and means separations was calculated by the general

linear models procedure (GLM). Clustering analysis was

performed using PROC CLUSTER of SAS with Ward’s

minimum variance method (Ward 1963). The SAS PROC

TREE was used to generate the dendrogram. Principal

component analysis (PCA) biplot of yam chemical com-

ponents was carried out with PAST version 2.17c software

using correlation matrix for between group variation

method (Hammer et al. 2001).

Results and discussion

Chemical composition

The chemical composition of the yam genotypes in each

species are presented on dry weight basis (DWB) in

Table 1. The moisture content, protein, ash, sugar and

starch in the yam genotypes ranged between 10–13.29,

3.2–8.71, 2.29–6.69, 0.77–4.6 and 49.57–86.73% respec-

tively. D. alata (TDa) had the highest moisture content

(12.58%) while D. rotundata (TDr) had the lowest mean

(11%), D. bulbifera (TDb) and D. cayenensis (TDc) had

11.91 and 11.24% respectively. The moisture contents of

these yams indicate that they will have high dry matter

(DM) which is an important indication of good eating and

textural quality in food products from root and tuber crops

(Izutsu and Wani 1985).

Protein content decreased along the species as follows:

TDb (6.02%)[TDc (5.85%)[TDr (4.76%)[TDa

(4.32%) though there were significant variations among the

cultivars in each species (Table 1). For example in TDb

species, var TDb 3069 had 8.71% protein which is com-

parable to 8.3% protein content reported on maize (Gra-

jales-Garcı́a et al. 2012). Protein contents of these yams

were lower than reported for Sri Lankan D. alata (10.16%)

(Senanayake et al. 2012); Ethiopian yams (9.7%) (Tamiru

et al. 2008) and some Indian varieties of TDb (15.75%)

(Shanthakumari et al. 2008). The protein contents were

however higher than 4.03–6.52% reported for Ghanaian

yams (Polycarp et al. 2012), 5.3% for Indonesian yams

(Aprianita et al. 2014); 1.2–1.8% for cassava (Charles et al.

2005) and 5.6% reported for sweet potato (Moongngarm

2013).
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Table 1 Chemical composition of yam germplasm (%)

MC Protein Ash Sugar Starch NDF ADF Lig Cellu H.Cell

TDb**

TDb 3079 10.58e 5.69c 3.91c 0.77d 52.17c 6.70c 3.24c 1.10b 3.36c 2.15c

TDb 3084 12.68a 5.89b 5.29a 1.56c 69.98a 7.14a 3.42a 1.20a 3.72a 2.23a

TDb 3072 11.68d 5.23d 3.65d 3.86a 54.34bc 5.66d 2.97c 1.05bc 2.69d 1.92e

TDb 3086 12.21c 4.60e 4.31b 2.66b 70.64a 6.88d 3.36b 1.15a 3.52b 2.21b

TDb 3069 12.42b 8.71a 4.43b 3.15b 57.78b 5.62d 3.04d 1.04c 2.59e 2.00d

Mean 11.91b 6.02b 4.32b 2.40a 60.97a 6.40b 3.20b 1.11b 3.19b 2.10b

TDr***

Gbongi 11.12ghi 5.58a 3.22bc 1.18lm 86.73a 6.22a 2.95b 1.54a 3.27a 1.42c

Mumuyi 10.42nop 5.27bc 3.38a 1.66hijk 65.06ijk 3.28ef 1.33ijk 0.48ghij 1.97de 0.85lm

Suba 10.62lmno 4.64ij 3.50a 1.64hijkl 62.60kl 2.67ij 1.34ij 0.00o 1.33jkl 1.34d

Kangan 10.88ijkl 4.40k 3.60a 2.46efg 78.20b 3.72d 1.69gh 0.63e 2.04de 1.06j

DanachaAbbja 10.89ijkl 4.41k 3.60a 1.33jklm 60.94lm 3.73d 1.78fg 0.43ljk 1.96de 1.35d

Adaka 11.70cd 4.32kl 2.37jk 2.94bcd 66.38ij 2.06l 1.03o 0.00o 1.23klm 1.03j

Gwari 10.66klmn 4.85gh 2.64ghi 1.44ijklm 64.98ljk 2.52jkl 1.39i 0.26mn 1.13m 1.13hi

Godiya 10.62klm 4.85gh 2.80efgh 1.01m 64.90ijk 6.31a 3.10a 1.04bc 3.21a 2.06a

Meccakwsa 11.88cd 5.54a 2.29k 1.32jklm 66.74hij 3.23efg 1.21klm 0.58efg 2.02de 0.63o

Akwuki 11.57de 5.19cd 3.20c 2.01fgh 77.56bc 2.41jkl 1.17lmn 0.27m 1.24klm 0.90l

Gbinra 11.33efg 4.60a 2.82defg 3.17b 63.94jkl 4.17c 1.88f 1.05bc 2.29c 0.83m

Mailemu 12.82a 3.96m 2.44ijk 1.73hij 63.68jkl 5.27b 2.52c 0.96cd 2.75b 1.56b

Orin 11.35efg 5.20cd 2.60hi 2.59de 72.89def 4.15c 2.48c 0.88d 1.68gh 1.60b

Yangbede 10.26pa 4.22l 2.94def 0.97m 72.42def 3.61d 1.64h 0.60ef 1.97de 1.05j

Ameh Kisi 11.01hij 5.13de 3.02cd 1.99gh 71.89def 2.96gh 1.37ij 0.17n 1.59hi 1.20efg

Jibo 11.10ghi 4.55j 2.50ijk 3.07bc 73.07de 3.17fg 1.25jkl 0.50fgh 1.92def 0.75n

Amula 11.19fgh 4.07m 3.21bc 1.89hi 78.12bc 5.40b 2.27d 0.94d 3.13a 1.33d

Lagos 10.36op 4.07m 3.17c 2.48def 67.78ghi 3.46de 1.57h 0.33lm 1.90ef 1.24e

Omi efun 9.96r 5.03ef 2.47ijk 2.51def 66.60hij 3.70d 1.69gh 0.54efgh 2.02de 1.15gh

Pepa 10.57mno 5.38a 2.50ijk 1.37jklm 69.73fgh 4.17c 2.09e 0.88d 2.08d 1.21ef

Ehorbia 10.39nop 4.82h 2.73fgh 1.75hij 70.70efg 2.06e 1.10b 2.28c 0.96k 0.96k

Coach 12.51b 4.69i 3.02cde 1.3klm 59.14mn 1.08no 0.00o 1.21lm 1.08w 1.08w

Olotan 10.00qr 4.30kl 2.49ijk 2.89bcde 56.67n 1.10mno 0.37kl 1.77fg 0.73n 0.73n

Oginni 10.04qr 4.23l 2.58hij 3.31b 70.72efg 1.30ijk 0.00o 1.27jklm 1.30d 1.30d

Danacha kisi 11.48de 4.27l 2.89def 3.26b 75.01cd 3.10a 1.08b 3.18a 2.02a 2.02a

Boki 11.39ef 4.96fg 3.43ab 2.66cde 61.69lmn 1.57h 0.40jkl 1.39jk 1.17gh 1.17gh

Ameh abj 10.76jklm 5.00f 3.01cde 4.61a 74.05d 1.64h 0.48hijk 1.43ij 1.18efgh 1.18efgh

Mean 11.00a 4.76a 2.91a 2.17a 68.97b 3.73a 1.76a 0.57a 1.97a 1.18a

TDa

Kesofunfun 12.81c 4.01cd 4.62b 3.14bc 65.11cd 3.78c 2.10c 0.87c 1.68d 1.34c

Sharmabulu 12.47c 3.21f 4.04b 2.10d 73.36a 2.40h 1.54f 1.04a 0.86u 0.72g

TDa 291 12.63bc 3.82de 4.37b 3.54b 49.58f 2.67c 2.30b 0.70f 1.37f 1.43b

Boko 12.72bc 6.73a 4.32b 1.02f 60.80e 4.74a 2.85a 0.96b 1.89c 1.81a

Ogunawatan 12.33c 5.11b 4.29b 2.11d 63.38de 3.47f 1.93d 0.00h 1.54e 1.23d

Olesunle 12.16c 4.96b 6.69a 2.85c 70.97ab 3.66e 2.14c 0.64g 1.53e 1.18e

TDa 93-36 12.29a 3.32f 4.30b 4.14a 67.70bc 2.46g 1.33g 0.85cd 1.15g 1.31c

SharmaGd 13.14ab 3.38ef 4.26b 1.52e 66.87bcd 3.74d 1.73c 1.44a 2.01b 1.09f

TDa 92-2 12.28c 4.35c 3.81b 4.12a 66.91bcd 4.25b 1.93d 0.55b 2.32g 1.09f

Mean 12.58c 4.32a 4.41b 2.72a 64.96ab 3.57a 1.98a 0.74a 1.59a 1.24a
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In terms of their sugar and starch content, TDb had a

mean value of 2.44 and 63.7%, TDr; 2.16 and 69.02%, TDa

2.73 and 64.98% and TDc 2.15 and 66.65% respectively.

TDr had the highest mean value for starch, while TDb had

the lowest (60.97%). There was no significant difference

(p\ 0.05) in the sugar content of the yam species. Sugar

and starch contents of yam can influence the eating quality

(taste), textural quality and preference of the yam varieties

by the consumers. The high starch content of these yam

species may also indicate that their starches have potential

of being exploited for industrial use. The low sugar content

of these yams may be explained by the fact that they were

freshly harvested tubers. Sugar contents of fresh tubers

have been reported to be lower than those in stored tubers

because during storage starch is metabolized to sugar

leading to concomitant reduction in starch content of the

stored tubersas sugar content increases (Otegbayo et al.

2012). Significant differences (p\ 0.05) that existed in the

sugar and starch contents of the yams both among the

species and within the varieties of the same species may be

due to genotypic differences and physiological maturity of

the tuber. Starch content of different plants can vary

because of differences in the activity of enzymes involved

in starch biosynthesis (Krossmann and Lloyd 2000).

However, the sugar and starch contents of these yams were

lower than values reported by previous authors; (Baah et al.

(2009) and Afoakwa et al. 2013).

The results of non-starchy carbohydrate contents are pre-

sented in Table 1. TDb had the highest mean value for cell

wall carbohydrates compared to the other species. Neutral

detergent fiber (NDF) which measures the insoluble dietary

fiber (lignin, cellulose and hemicelluloses) is also an indicator

of bulk and feed intake was higher than acid detergent fiber

(ADF) in the entire yam species studied. ADF measures the

soluble dietary fiber (pectin, cellulose and acid-insoluble

hemicelluloses), it is an indicator of digestibility and energy

intake. The implication of this is that the yam tubers will have

higher digestible energy (the higher the NDF, the higher the

digestible energy whereas the higher the ADF the lower the

digestible energy).NDF ranged from1.08 to 7.14% in the yam

varieties with a mean of 6.40% in TDb, 3.73% in TDr, 3.57

and 3.17% in TDa and TDc respectively. Lignin content was

between 0.17 and 1.77% in the yam species. TDa andTDchad

significantly lower lignin content than TDb. Lignins are

phenyl propanoid polymers of varying molecular weight

which confers rigidity and toughness to cell walls of plants

(Choet al. 1997).Cellulose content ranged from1.04 to3.74%

among the yam varieties with an average of 3.19% in TDb,

1.97, 1.59, and 1.48% in TDd, TDr, TDa, and TDc respec-

tively. Hemicellulose content in the yam species ranged from

1.18% in TDr to 2.10% in TDd. Hemicelluloses consist of

rigid highly branched rod-shaped polymers of neutral sugars

xylan and xyloglucan, which is linked with cellulose, lignin

and pectin by hydrogen bonding provides structural strength

to cell plant cell walls. Otegbayo et al. (2011) reported that

these non-starchy carbohydrates (lignin, cellulose, hemicel-

luloses) contributed significantly to the formation of firm and

doughy texture of pounded yam made from both fresh and

storedD. rotundata varieties. The high content of non-starchy

carbohydrates inTDbmay also indicate that it has highdietary

fiber, it may be an indication that it will have higher resistant

starch compared to the yam species, hence may have the

potential to function as a functional food.

Generally, in terms of chemical composition amongst

the yam species studied, TDb which is not the most

preferred species had the highest protein, sugar, ash and

non-starchy carbohydrates hence it seemed to be having a

better nutritional profile amongst the species, while TDr

(the most preferred species and highly prized) had the

highest starch content (this may be responsible for the

preference of the textural quality of its food product).

There were both intra (between cultivars) and interspecies

variations (among species) in the chemical composition of

the yam germplasm; interspecies and intraspecies varia-

tion had also been reported in yams by Asiedu (1986) and

Dansi et al. (2013).

Table 1 continued

MC Protein Ash Sugar Starch NDF ADF Lig Cellu H.Cell

TDc

Igangan 11.67a 7.15a 2.64a 4.40a 61.20a 4.40 2.48 1.02 1.92 1.46

TDC 25-294 10.82b 4.55b 2.70a 1.96b 72.11a 1.96 0.92 0.00 1.04 0.92

Mean 11.24a 5.85b 2.67a 2.15a 66.65ab 3.18a 1.70a 0.51a 1.48a 1.19a

Means of parameters are written in bold letters

Means with the same superscripts in the same column in each species are not significantly different at 5% level of significance

All analyses on dry weight basis (DWB)

MC moisture content, DF dietary fiber, NDF neutral detergent fiber, Lig lignin, Cellu cellulose, H.Cell hemicellulose

** TDb tropical Dioscorea bulbifera, TDa tropical Dioscorea alata, TDc tropical Dioscorea cayenensis

*** ND in TDc Iganga and TDc 25-294 means—not determined
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Characterization of yam tubers based on their

chemical composition

Principal component analysis was performed to character-

ize the yam germplasm based on their chemical composi-

tion; three homogenous clusters emerged (Fig. 1) and their

dendrograms also revealed the three clusters clearly.

Cluster I consist exclusively of D. alata species which are

distinctly different from other yam species in terms of their

sugar, ash and moisture contents. Cluster II consist dis-

tinctly of cultivars of D. rotundata and D. cayenensis the

distinguishing feature of this cluster is their starch and dry

matter content. The presence of D. rotundata and D.

cayenensis exclusively in this group further reinstate earlier

morpho-botanical and chemo-taxonomic studies which

grouped these yam species into D. cayenensis-rotundata

complex (Martin and Rhodes 1978; Tamiru et al. 2007).

Cluster III consist of a mixture of cultivars from the three

yam species: D. rotundata D. bulbifera and two cultivars of

D. alata. The distinguishing chemical composition of this

cluster is their non-starchy carbohydrate, protein and starch

contents. From Table 2, among the yam species the first

two components have Eigen values greater than 1 and

accounted for 95.33% of the total variation; the first prin-

cipal component accounted for 64.03% while the second

accounted for 31.30% of variation in chemical composition

among the yam species. Principal Component 1 recorded

high positive loading for %ADL (0.3724) and %ADF

(0.3591) while starch had a high negative loading

(- 0.3617). However, for principal component 2, sugar

(- 0.4544) and percentage moisture (- 0.4087) had high

negative loadings while protein (0.4315) had a positive

loading. This suggests that percentage moisture content and

sugar content of yam species are closely related and highly

correlated while yam species with reduced moisture con-

tent have higher protein content.

Anti-nutritional composition

The anti-nutritional compositions tannin, phytate and

oxalate of the yam tubers are presented in Table 3. Tannin

content of the tubers ranged from 56 to 1970 mg/kg on dry

matter basis (DM) Significant differences (p\ 0.05) exis-

ted in terms of tannin content among the species and

among varieties within species. Tannins are water soluble

phenolic compounds which precipitate protein by binding

Fig. 1 Dendrogram showing characterization of D. bulbifera, D. rotundata, and D. alata in terms of their chemical composition
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them irreversibly thus decreasing their digestibility and

palatability. The reported lethal dose of tannin in plants is

7.6–9.0 g/kg (Alecto 1993). The tannin content reported in

these yam tubers were lower than what was reported by

Adeyeye et al. (2000) but was within the tolerable limits.

Since yam is usually consumed in the cooked form, the

tannin content would have been reduced during food pro-

cessing before consumption, as a result of thermal degra-

dation, denaturation and formation of insoluble complexes

(Akin-Idowu et al. 2008).

The phytate in these yams ranged from 270.65 to

379.35 mg/kg DM. The phytate content of the yam tubers

differed significantly (p\ 0.05) among the species and

between varieties in a species. Phytic acid (myoinositol (1,

2, 3, 4, 5, 6) hexakiphosphoric acid) is the storage form of

phosphorus which is found in plant seeds and in many roots

and tubers (Kumar et al. 2010). It has the ability to form

insoluble complexes with positively charged food compo-

nents such as protein, carbohydrate, minerals and trace

elements. These complexes lead to reduced bioavailability

of minerals such as calcium, zinc and iron, and formation

of protein complexes which are resistant to protein prote-

olysis, alteration in their structure, decrease in protein

solubility, digestibility and enzymatic activities (Shajeela

et al. 2011). Food processing steps such as germination,

fermentation, soaking, cooking or hydrothermal processing

can reduce phytate content by dephosphorylation (removal

of phosphate groups from the inositol ring which decreases

the mineral binding strength of phytate).

Oxalate content of the yam tubers ranged between 487

and 671 mg/kg with an average of 568.07 mg/kg in TDb,

606 mg/kg in TDr, 593.26 mg/kg in TDa and 577 mg/kg in

TDc. Oxalate is present in yam tubers in form of soluble

oxalate, insoluble calcium oxalate (raphides) or a combi-

nation of the two forms. The intense irritation of the skin

and mucous membrane when they come in contact with

yam mucilage is due to the presence of calcium oxalate

crystals (raphides). The reported lethal dose of oxalate in

food is 2–5 g (Eka 1985). The oxalate content of these yam

tubers does not pose a health hazard, because various

processing methods that the yam tubers will be subjected to

such as washing, boiling, blanching, roasting and other

processing before consumption would have reduced the

level of the oxalate significantly (Sakai 1979; Kumoro

et al. 2014).

Mineral composition

The mineral profile of the yam species are presented in

Fig. 2a–e (supplementary file) twelve minerals; Al, Fe, Zn,

Ca, Cd, Cu, K, Mg, Mn, P, Pb, and Se were determined.

The result showed that these yam species are relatively

good sources of both macro minerals (Ca, P, K and Mg)

and micro minerals (Fe, Cu, Zn, Se and Mn) which are

significant nutritionally. There were both intra species and

interspecies variation in the mineral content of the yams.

Generally, variations in mineral composition have been

adduced to factors such as genetic component, environment

effects, methods of estimation, cultural practices, time of

planting and harvesting, chemical composition of the soil

in which they were grown and amount of water available

(Oluwatosin 1998; Eka 1985). Though the minerals were

planted on the same soil, variation in the mineral contents

of these yams may be due to genotypic differences and

chemical composition of the soil.

The most abundant mineral in all the yam species was

Potassium. It ranged between 7.75 9 102 and

1.89 9 103 mg/kg among the varieties. This agreed with

previous results (Polycarp et al. 2012; Baah et al. 2009).

Potassium is a major intracellular cation which is involved in

muscle contraction, transmission of nerve impulse and

maintenance of fluid balance. TDb had the highest potassium

content while TDr had the least. Iron content ranged between

10.71 and 38.87 mg/kg among all the yam varieties. The iron

content of yam species reported in this study was in the order

TDd[TDb[TDa[TDc[TDr. It ranged between

10.71 mg/kg (Akwuki; TDr) and 38.87 mg/kg (Esuru pupa-

TDd) among all the yam varieties. The recommended daily

allowance (RDA) of iron is between 11 and 18 mg/day

(USDA 2015); most of these yam varieties have iron contents

that can meet this RDA. Iron is an important oxygen carrier in

haemoglobin in the blood and part of cytochromes a, b and c

which are essential to the production of cellular energy by

oxidative phosphorylation. Zinc (Zn) functions as a dietary

and nutrient supplement in the body. The zinc content of the

yam tubers in this study ranged between 7.97 and 17.56 mg/

kg, with the highest zinc content (on the average) found in

TDb (12.93 mg/kg). The order of the Zn content of these yam

species was TDb[TDr[TDa[TDc[TDd). The RDA

Table 2 Principal component analysis of yam varieties studied

showing parameters contributing to variation in chemical composition

and the percentage of total variation

Chemical components PC1 (64.03%) PC2 (31.30%)

%MC 0.2384 - 0.4087

Protein 0.1165 0.4315

Ash 0.3240 - 0.2703

Sugar 0.2026 - 0.4544

Starch - 0.3617 - 0.0275

%NDF 0.3375 0.2217

%ADF 0.3591 0.1613

Cellulose 0.3039 0.2702

Hemicellulose 0.3445 0.2181

Parameters with high negative loadings in both Principal components

1 and 2 (PC1 and PCI 2) are in italics
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Table 3 Anti-nutritional composition, molar ratios (mol/kg) of calcium and zinc to phytate and molar ratios (mol/kg) calcium to oxalate

Species/varieties Oxalate

(mg/kg)

Tannin

(mg/kg)

Phytate

(mg/kg)

{Ca}1 {Zn}2 {Phy}3 {Ox}4 Ca:Phy5 Phy:Zn6 {ca}{Phy}/

{zn}7
{Ox}:{ca}8

D. bulbifera

TDb 3079 632 884 458.03 10.28 0.17 0.79 7.03 14.81 4.20 0.43 0.68

TDb 3084 484 1134 458.03 10.75 0.27 0.69 5.38 15.50 2.58 0.28 0.50

TDb 3072 484 1573 307.21 10.96 0.22 0.47 5.38 23.55 2.09 0.23 0.49

TDb 3086 633 1348 167.37 16.22 0.14 0.25 7.03 63.96 1.75 0.28 0.43

TDb 3069 606 984 506.08 10.87 0.19 0.77 6.74 14.18 4.08 0.44 0.61

Mean 568.07 1187.6 379.35 11.82 0.20 0.57 6.31 26.40 2.94 0.33 0.55

SD 77.19 280.75 140.16 2.47 0.05 0.21 0.86 21.34 1.13 0.10 0.10

D. rotundata

Gbongi 631 104 261.79 1.89 0.15 0.40 7.02 4.76 2.65 0.05 3.72

Mumuyi 661 395 320.86 9.36 0.15 0.49 7.35 19.25 3.28 0.31 0.78

Suba 611 506 483.88 7.83 0.10 0.73 6.79 10.68 7.24 0.57 0.87

Kangan 625 143 350.84 4.14 0.22 0.53 6.95 7.78 2.38 0.10 1.67

Danacha abuja 571 144 350.84 7.86 0.19 0.53 6.35 14.78 2.8 0.22 0.80

Adaka 679 77 273 5.25 0.16 0.41 7.55 12.68 2.52 0.13 1.44

Gwari 612 427 674.58 7.49 0.12 1.02 6.81 7.33 8.21 0.61 0.91

Godiya 606 301 439.90 6.44 0.27 0.67 6.73 9.67 2.50 0.16 1.05

Meccakwsa 615 191 85.23 9.20 0.15 0.13 6.83 71.23 0.8 0.08 0.74

Akwuki 627 313 528.25 4.34 0.14 0.80 6.97 5.43 5.54 0.24 1.60

Gbinra 609 1971 106.53 12.99 0.15 0.16 6.77 80.47 1.06 0.14 0.53

Mailemu 599 840 185.6 3.36 0.14 0.28 6.66 11.93 2.03 0.07 1.98

Orin 671. 606 237.84 6.55 0.20 0.36 7.46 18.17 1.79 0.12 1.14

Yangbede 487 155 242.22 7.46 0.17 0.37 5.41 20.33 2.16 0.16 0.73

Ameh Kisi 613 59 598.28 8.89 0.14 0.91 6.81 9.81 6.53 0.58 0.77

Jibo 647 389 223.63 4.52 0.21 0.34 7.19 13.32 1.61 0.07 1.59

Amula 554 473 215.11 3.12 0.18 0.33 6.16 9.57 1.83 0.06 1.97

Lagos 610 155 227.82 4.98 0.12 0.35 6.78 14.43 2.83 0.14 1.36

Omi efun 618 429 123.40 2.48 0.11 0.19 6.87 13.25 1.77 0.04 2.77

Pepa 640 303 249.01 3.33 0.16 0.38 7.12 8.82 2.33 0.08 2.13

Ehorbia 660 208 209.74 6.28 0.13 0.32 7.33 19.78 2.39 0.15 1.16

Coach 499 297 383.13 7.22 0.14 0.58 5.55 12.43 4.05 0.29 0.76

Olotan 642 56 246.38 5.70 0.18 0.37 7.13 15.26 2.11 0.12 1.25

Oginni 493 59 246.38 6.48 0.15 0.37 5.48 17.36 2.55 0.17 0.84

Danacha kisi 583 407 57.05 2.97 0.22 0.09 6.48 34.33 0.40 0.01 2.18

Boki 582 194 325.29 10.03 0.25 0.49 6.47 20.36 1.96 0.20 0.64

Ameh abuja 624 330 308.41 30.72 0.22 0.47 6.93 65.73 2.15 0.66 0.23

Mean 606.49 353.90 294.63 7.07 0.17 0.45 6.74 20.33 2.87 0.20 1.32

SD 50.12 374.22 149.13 5.41 0.04 0.23 0.56 18.54 1.89 0.18 0.77

TDa

Kesofunfun 502 660 52.88 8.67 0.095 0.08 5.59 108.16 0.84 0.07 0.64

Sharmabulu 641 238 146.12 5.03 0.14 0.22 7.13 22.67 1.58 0.08 1.41

TDa 291 646 101 112.13 10.21 0.14 0.17 7.18 60.11 1.21 0.12 0.70

Boko 565 386 655.03 7.20 0.19 0.99 6.29 7.26 5.06 0.36 0.87

Ogunawatan 600 472 795.30 7.52 0.25 1.21 6.67 6.24 4.87 0.37 0.89

Olesunle 622 290 256.32 5.92 0.13 0.39 6.91 15.25 2.91 0.17 1.17

TDa 93-36 649 362 115.00 8.39 0.12 0.17 7.21 48.15 1.49 0.13 0.86

SharmaGd 507 358 158.76 13.05 0.16 0.24 5.63 54.26 1.50 0.20 0.43
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for Zinc according to USDA (2015) is between 8 and

11 mg/day hence consuming 500 g of most of these yam

varieties is able to meet this RDA. Zn is necessary for

biosynthesis of nucleic acid, cell metabolism (cell division)

and growth. However, the Zn content of these yam tubersmay

be affected the presence of phytate in the tubers, which may

reduce the bioavailability of dietary Zn by forming insoluble

mineral chelates, that is Zn-phytic complex which is poorly

absorbed from the gastrointestinal tract.

Calcium (Ca) content ranged between 75.74 and

1228.70 mg/kg in the yam tubers. In TDr the range was

75.74–1228.70 mg/kg, TDa: 200–522.06 mg/kg, TDc:

144–400 mg/kg, TDd: 717.88–825.17 mg/kg, TDb:

411.23–648.76 mg/kg. The calcium content of these yam

tubers were however higher than reported values for each

species and significant differences (p\ 0.05) exist between

varieties in each species. The RDA for calcium is

1300 mg/day consumption of 1 kg of TDb by a male will

contribute about 36% of the RDA on the average while, other

species; TDr, TDa, TDc and TDd will contribute 21, 25, 35

and 43% of the RDA respectively. The implication of these

results is that these yam tubers should be a good source of

calcium. Calcium as an important macro mineral is an

important constituent of the bone [hydroxyapatite: Ca10(-

PO4)6(OH)2]with phosphorus and the extracellular fluid of the

body. It has also been implicated in significantly affecting the

textural quality of food products. Otegbayo et al. (2012) stated

that the high calcium and pectin content and other soluble

dietary fibre in TDr might have been responsible for the

smooth texture of pounded yam made from its tubers.

The phosphorus content of the yam tubers ranged from

108.38 to 537.74 mg/kg. The lower value of phosphorus in

these yam tubers may be due to phytic acid in yams which

binds the phosphorus and render it unavailable for biochem-

ical and nutritional utilization. It could also be due to the fact

that phytic acid and starch are capable of combining via

phosphate linkages. The magnesium content and manganese

ranged from 320.89 to 1213.4 and 0.76 to 39.69 mg/kg

respectively among the yam varieties. Among the five yam

species D. bulbifera had the highest magnesium content. Cu

ranged from 0.21 to 15.40 mg/kg with D.alata (kesofunfun)

having the highest andD. dumentorum (04-146) had the least.

RDA of Cu is 0.9 mg/day (USDA 2015), most of these yam

varieties are able to meet this RDA. It is an important cell

protectivemineral. Selenium is part of the antioxidant defense

system-glutathione peroxidase (GPx) which eliminates per-

oxide radicals. Low concentrations of Se are inhibitors of

cancer (Tolonen 1989) and it is a modulator of variety of

cellular functions. It ranged between 0 and 13.62 mg/kg with

the highest on the average (3.39 mg/kg) found inD. bulbifera

and the least (2.75 mg/kg) found inD. rotundata. TheRDAof

Selenium is0.055 mg/day (USDA2015) consumptionof1 kg

of these yams is able to supply more than the RDA of this

mineral per day. Lead and cadmium are regarded as toxic

minerals because they compete with essential minerals for

pathways and bind proteins. The cadmium content of the yam

tubers ranged between 0.05 and 0.18 mg/kg, while for Pb the

Table 3 continued

Species/varieties Oxalate

(mg/kg)

Tannin

(mg/kg)

Phytate

(mg/kg)

{Ca}1 {Zn}2 {Phy}3 {Ox}4 Ca:Phy5 Phy:Zn6 {ca}{Phy}/

{zn}7
{Ox}:{ca}8

TDa 92-2 604 258 144.54 9.99 0.09 0.22 6.71 45.60 2.49 0.25 0.67

Mean 593.26 328.40 270.68 8.94 0.15 0.41 6.59 40.86 2.44 0.19 0.85

SD 56.66 171.90 265.50 2.43 0.05 0.40 0.63 32.54 1.56 0.11 0.30

TDd

Esuru pupa 590 ND ND 20.65 0.16 ND ND ND ND ND

04-146 ND ND ND 17.95 0.12 ND ND ND ND ND 0.32

TDc

Igangan 494 103 322.47 10.00 0.13 0.37 5.49 7.38 3.20 0.12 2.03

TDC 95-294 660.00 430 242.098 3.61 0.15 0.49 7.33 27.26 2.75 0.28 0.55

Mean 577.17 264.20 282.28 6.80 0.14 0.43 6.41 17.32 2.98 0.20 1.29

SD 117.14 227.78 56.83 5.06 0.08 0.25 1.30 14.06 0.32 0.11 1.05

CVa 6:1 15:1 0.5 1.1

Means of parameters are written in bold letters

Standard deviations (SD) of parameters are in italics
1mg of Ca/Mw (molecular weight),2 mg of Zn/MW of Zn, 3 mg of Phy/MW of phy, 4 mg of Ox/MW of Ox, 5 mg of Ca/MW/mg of Phy/MW,
6 mg of Phy/MW/Zn/MW, 7 (mol/kg Ca)(mol/kg phy)/(mol/kg Zn), 8 (mol/kg Ox)/(mol/kg Ca)
aCV is recommended critical value, ND not determined

cFig. 2 Mineral composition of yam tubers. a Mineral composition of

D. bulbifera. b Mineral composition of D. rotundata. c Mineral

composition of D. alata. d Mineral composition of D. dumetorum.

e Mineral composition of D. cayenensis
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mean was of 2.81 mg/kg in TDb, 3.25 mg/kg in TDr,

3.80 mg/kg in TDa, 2.84 mg/kg in TDc and 3.15 mg/kg in

TDd. These values were lower than the maximum allowable

limit of 0.2 mg/day for cadmiumand6 mg/kg for lead (USDA

2015). Cadmium competes with zinc for binding sites and

interferes with some of zinc’s essential functions. Presence of

lead and cadmium in these yam tubersmay be as a result of Pb

in the soil in which they were planted as a result of waste

deposition, soil erosion, sludge, air pollution car fumes, and

smoke.

Interrelationship between calcium, zinc, phytate

and oxalate

The molar ratios for phytate, oxalate, zinc and calcium

were calculated to evaluate the effects of elevated levels of

oxalate and phytate on the bioavailability of these minerals

(Table 3). Phytate has been reported to decrease the

absorption of Ca and Zn by forming insoluble Ca–phytate

or Zn–phytate complexes which inhibit the absorption of

Zn and iron (Bhandari and Kawabata 2004). The molar

ratio for Phy:Zn ranged between 0.40 and 7.24 with a mean

of 2.98 in TDc, 2.94 in TDb, 2.87 in TDr, 2.44 TDa and

TDb (Table 3). These molar ratios were however lower

than 21.5–22.7 and 10–12.4 previously reported (Adeyeye

et al. 2000). According to Turnlund et al. (1984), Phy:Zn

molar ratio of 15:1 has been implicated in low Zn

bioavailability, our result was lower than this critical value

indicating that the bioavailability of Zn in these yam tubers

was high and it was not likely to be affected by phytate.

According to Sandstrom (1997), when Phy:Zn molar ratio

in a food is less than 5 then the food has good Zn

Fig. 2 continued
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bioavailability. Ellis et al. (1987) reported that the ratio of

[Ca] 9 [Phy]/Zn is a better predictor of Zn bioavailability.

They stated that, when the [Ca] 9 [Phy]/Zn ratio is greater

than 0.50 mol/kg, there would be interferences with the

availability of Zn. The [Ca] 9 [Phy]/Zn ratio of most of

the yam varieties were lower than this critical value

(0.50 mol/kg) indicating good zinc bioavailability

(Table 3). The critical value of 6:1 must not be exceeded in

order for Ca to be bioavailable (Oladimeji et al. 2000). The

Ca:Phy molar ratios of the yam studied ranged from 4.76 to

65.74. Our result (Table 3) indicated that most of these

yams [except Gbongi and akwuki (D. rotundata)] have

molar ratios higher than the critical value of Ca:Phy 6:1

indicating that the bioavailability of calcium may be

adversely affected by phytates in these yam tubers.

Oxalate content of plant product can affect or limit

calcium bioavailability significantly when the ratio of

Ox:Ca exceeds one (i.e. [ 1), a high Ox:Ca ratio may

cause chronic deficiency of calcium (Kelsay 1985). From

our results (Table 3), the Ox:Ca ratio in most of the yams

cultivars were below one. In all TDb varieties the ratio was

less than 1, only two varieties in D. alata were above 1

(Sharma bulu and Olesunle) and many (15 out of 27) in D.

rotundata were higher than 1. TDd (esuru pupa) was less

than 1 (0.32) while in TDc (Igangan) the ratio was also less

than 1 except var Igangan. This implies that varieties in

which the Ox:Ca[ 1 will need to be extensively treated;

soaked, washed and well cooked before consumption. It

also showed that limitation of bioavailability of calcium by

oxalate in yam tubers is not specie dependent but culti-

var/variety dependent.

Conclusion

From the result of this study, it can be concluded that these

yam genotypes were good sources of bioavailable Zn but

bioavailable calcium is considerably low due to presence of

phytate and oxalate which limited the bioavailability of

some cultivars. The levels of anti-nutritional factors (ox-

alate, phytate and tannin) were below the lethal dose. D.

bulbifera which is a less preferred species had better

nutritional profile than D. rotundata (the most preferred

specie). There were both intra (between cultivars) and

inter-specie variations (among species) in the chemical

composition of the yam germplasm. This study presents the

first characterization of large variety of yams from five yam

species from Nigeria in terms of their biochemical, antin-

utritional and mineral bioavailability. This will serve as

database for getting information on these properties and to

select yam genotypes for various uses.
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