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Abstract

The nutrition of the people of developing countries is a major public health issue which has challenged breeders to enhance the nutritional quality
of preferred and staple crops such as yam. This study was therefore aimed at investigating the chemical and nutritional composition of 16 D. alata
varieties. Dry matter content ranged from 22.3 to 33.8% on a fresh weight basis with corresponding moisture content between 66.2 and 77.7%.
The ranges of crude protein, ash, sugar, starch and total dietary fibre were 4.3-8.7,2.9-4.1, 3.6-11.0, 60.3-74.4 and 4.1-11.0%, on dry weight basis,
respectively. The ranges of minerals in mg per kg (dry weight) were P 878-1900, Ca 260-410, Mg 390-580, K 10,550-20,100, Na 84-131, Mn 4.8-
22.1,Cu 12.3-15.7 and Zn 10.1-14.1. The results indicate that D. alata varieties could be good sources of nutrients to its consumers and could also
be very useful in nutritional applications and diet formulations. Highly significant variations (P<0.05) were observed among the varieties which
suggest the potential for improvement through breeding programmes in promising varieties.
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Introduction

Yams (Dioscorea spp.) are of great economic importance and
nourishment to the people of Africa, the Caribbean, Asia and
America. They are well integrated into the social, cultural and
religious lifestyle of the people who cultivate and consume them'.
Apart from providing basic food security and income, yam is a
rich source of carbohydrate and also contributes to vitamins and
minerals, especially where it is consumed in large quantities 2. The
crop is estimated to provide more than 200 dietary calories each
day for over 60 million people in West and Central Africa®. Yam is
second to cassava as the most important tropical root crop but
from a nutritional standpoint, it is better than cassava on account
of its higher vitamin C (40-120 mg/g edible portion) and crude
protein content (40-140 g/kg dry matter) *.

Dioscorea alata, also referred to as greater yam or water yam,
is among the six economically important species of yam cultivated.
D. alata has been relegated behind as a result of traditional bias
which disregards the nutritional and agronomic flexibility of the
species. Although it is not grown in the same quantities as the
African yams, it has the largest distribution world-wide of any
cultivated yam, being grown in Asia, the Pacific islands, Africa
and the West Indies °. It has comparative advantage for
sustainable production due to its better agronomic characteristics
such as ease of propagation and yields, high nutritive value and
longer storage of the fresh tubers.

Yam in itself is not a balanced food. Nutritional deficiency
diseases occur within poorer regions where yam and other root
and tuber crops are consumed alone as staple foods, and a major
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health issues, especially micronutrient deficiencies, can lead to
several health consequences including impaired cognitive and
physical development. These further affect educational progress;
decreases work capacity and life expectancy, thereby affecting
economic growth ¢. These deficiencies are common due to
insufficient intake of micronutrients, food processing practices
and/or poor absorption from foods 7. Diets deficient in
micronutrients are characterized by high intakes of staple food
crops but low consumption of foods rich in bioavailable
micronutrients such as fruits, vegetables and animal and fish
products &. Most of the latter food materials are too expensive for
the poor who tend to over-depend on staple starchy food products
like yam. Information on the nutritive value of yam has been
highlighted by other authors in their works on yams *°.

Food fortification and supplementation through intervention
programs have long been used to combat nutrient deficiency
problems. Even though they are effective, these programmes are
not sustainable by the beneficiaries. Use of food-based
approaches to combat micronutrient malnutrition is more likely
to be sustainable. Researchers aim at investigating the nutritional
quality of commonly consumed foods for possible improvement.
This study investigated the biochemical and nutrient composition
of 16 D. alata varieties with the aim of providing scientific
information for the use of breeding programmes that aim at
enhancing the general nutritional quality of local staples such as

yam.

373



Materials and Methods
Source of materials: Sixteen varieties of D. alata were obtained
from experimental plots of the yam breeding programme at the
International Institute of Tropical Agriculture (IITA), Ibadan,
Nigeria. The varieties were planted in May 2006 and harvested in
January 2007.

Sampling for laboratory analysis: Six tubers from representative
varieties of D. alata were selected by simple randomization
procedure from bulk of freshly harvested tubers. The tubers were
washed and peeled and each cut into four portions longitudinally
(from proximal to distal end). The opposite portions from each
tuber were selected and pooled together, cut into small pieces
(cubes) and thoroughly mixed. The fresh sample was converted
to flour for the biochemical and mineral analysis.

Preparation of dried yam flour for chemical and mineral
analysis: The freshly cut pieces of D. alata tubers were dried in
an air convection oven at 60°C for 72 hours '°. The resulting dried
chips were milled into fine flour (0.5 mm) and stored in Whirl-pac
sample bags at 20°C for analysis.

Determination of proximate composition: Moisture and ash
contents of the samples were determined using standard AOAC!"
methods.

Protein content was determined using HACH '? method by
placing 0.20 g of the sample, concentrated sulfuric acid, peroxide
and one tablet catalyst into a digestion tube and digesting the
mixture at 375°C for 3 hours. Distilled water was added to the
digest to bring the volume to 75 ml; then it was covered with
paraffin and mixed thoroughly. One ml of the mixture was pipetted
into 25 ml volumetric flask; 3 drops each of mineral stabilizer and
polyvinyl alcohol solution were added and made up to 25 ml with
distilled water. One ml of Nessler reagent was added for color
development. Absorbance was read at 460 nm using HACH
spectrophotometer (HACH Company, Loveland, Colorado, USA,
Model, DR /3000) to determine the concentration of nitrogen.
Protein content was calculated using a factor of 6.25.

Starch and total sugar contents were determined using a
colorimetric method by Dubois et al. 1*. Absorbance was read at
490 nm using a spectrophotometer (Model Spectronic 601, Milton
Roy Company, USA).

Total dietary fibre content was determined by the enzymatic-
gravimetric method of Prosky ef al.*. D. alata flour sample (1 g in
duplicate) was weighed, cooked with heat-stable oi-amylase at
100°C (to gelatinize, hydrolyse and depolymerise starch);
incubated at 60°C with protease (to solubilise and depolymerise
proteins) and amyloglucosidase (to hydrolyse starch fragments
to glucose). Each sample was treated with four volumes of ethanol
to precipitate soluble fibre and remove depolymerised protein
and glucose (from starch). The residue was filtered, washed with
78% ethanol, 95% ethanol and acetone, dried and weighed. One
duplicate was analysed for protein and the other incinerated at
525°C for ash determination. The total dietary fibre (TDF) was
calculated as the weight of the filtered and dried residue less the
weight of the protein and ash.

Determination of minerals: Mineral analysis was done using the
method described by Hunter et al. '* and Benton et al. '°. The flour
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sample (0.48-0.52 g) was weighed into a clean ceramic crucible.
An empty crucible was included as a blank. The crucible was
placed in a muffle furnace and heated to 500°C over a period of 2
h. The sample was allowed to ash for another 2 h and cooled. The
ashed sample was transferred into 50 ml centrifuge tube and the
crucible was subsequently rinsed with 5 ml distilled water and 5
ml (3 times) of aqua regia making a total added volume of 20 ml.
The sample was vortexed to mix the contents thoroughly and
centrifuged at 3000 rpm for 10 min. The supernatant was decanted
into micro-vials and P, Ca, Mg, K, Na, Mn, Cu and Zn were
determined using flame atomic absorption spectrophotometer
(Model Buck 205, Buck Scientific, USA). Aqua regia was prepared
as follows: 1.2 L distilled water was poured in a 2 L volumetric
flask , 400 ml conc. HCl and 133 ml of 70% nitric acid were carefully
added and the volume was made to 2 L.

Statistical analysis: The general linear model (GLM) procedure
of SAS Version 9.1 7 was used to analyse duplicated sample
results. Significant differences were reported at 95% confidence
level using least significant difference (LSD) comparison test.

Results and Discussion

Chemical composition of D. alata: The chemical composition
ofthe D. alata varieties is presented in Table 1. Moisture content
of the varieties ranged between 66.2% for TDa 98-159 and 77.7%
for TDa 92-2 with a mean of 71.83%. There were significant (P<0.05)
varietal differences in moisture content among the test varieties.
Comparable range of moisture contents (65-76%) has been

reported for D. alata species *. The observed high moisture levels
of the tubers may influence the textural quality of D. alata food
products or keeping quality of the tubers. The moisture content
of'a food sample reflects the amount of solid matter in the sample.
The higher the moisture content, the higher the rate of spoilage.
D. alata is also referred to as “water yam” due to the high moisture
content in the tubers. The yam tuber, in general, has high moisture
content and a low level of dry matter which makes it more prone
to losses during the harvesting season. Yam is, however,

processed to flour and stored for various food products

throughout the bumper and the lean seasons.

Dry matter content ranged between 22.3 for TDa 92-2 and 33.8%
for TDa 98-159. A comparable range of 13.68-37.4% dry matter
content for D. alata varieties has been reported in the literature'
19. Lebot et al. ' observed that D. alata varieties with good eating
quality are characterized by high dry matter and starch contents.
Similarly, Martin % associated high dry matter content with good
eating quality; it is an important chemical index of food quality in
root and tuber crops which has an influence on the textural
perception of foods 2'.

Protein is essential in the human diet for growth. Protein content
of'the D. alata varieties ranged between 4.3% for TDa 01/00002
and 8.7% for TDa 85/00250 with a mean of 6.0%. There were
varietal differences in protein content of the test varieties. Similar
results were obtained by Lape and Treche !° who reported 8.2%
protein content for D. alata. Lebot et al. ' had an average of
11.95% protein content when characterizing the physicochemical
properties of D. alata tubers from Vanuatu. Many authors found
a higher nutritional content (with regard to proteins and vitamin
C)in D. alata than in D. rotundata, the most preferred species of
yam in West Africa, as well as in other root and tuber crops such
as cassava, sweetpotato and dasheen 22,
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Table 1. Chemical composition (%) of Dioscorea alata.

Fresh tuber Flour
Variety Moisture Dry matter | Protein Ash Sugar Starch TDF*
TDa 00/00364 72.3 27.7 5.1 3.6 39 69.6 6.5
TDa 01/00002 72.3 27.7 43 33 3.7 66.6 5.8
TDa 01/00024 71.9 28.1 6.7 4.1 5.9 71.3 7.1
TDa 01/00041 74.1 25.9 6.9 39 3.6 64.6 6.3
TDa 01/00081 72.0 28.0 5.1 3.7 4.7 70.3 5.6
TDa 85/00250 76.7 23.3 8.7 4.0 8.4 69.7 7.0
TDa 92-2 71.7 223 5.7 3.1 8.7 69.3 7.0
TDa 95/00328 76.5 23.5 6.1 35 11.0 60.3 11.0
TDa 95-310 69.3 30.7 5.3 3.7 4.6 68.5 8.1
TDa 98/01174 71.4 28.6 6.5 34 5.6 72.7 4.1
TDa 98/01176 69.8 30.2 5.7 2.9 6.7 67.7 9.2
TDa 98/01183 66.9 33.1 53 3.1 5.7 68.6 8.2
TDa 98-159 66.2 33.8 6.2 4.1 42 74.4 5.2
TDa 99/00332 71.8 28.2 5.4 3.0 5.0 62.0 6.6
TDa 99/00395 71.1 28.9 5.0 32 5.7 68.6 5.4
TDa 291 69.3 30.7 5.9 32 5.2 69.8 5.0
Min 66.2 22.3 43 29 3.6 60.3 4.1
Max 71.7 33.8 8.7 4.1 11.0 74.4 11.0
Mean 71.8 28.2 5.9 35 5.8 68.4 6.8
SE 0.8 0.8 0.3 0.1 0.5 0.9 0.4
LSD 0.8 0.8 0.2 0.1 0.4 0.8 0.4

*TDF: Total dietary fibre.

Ash content is a reflection of mineral status, even though
contamination can indicate a high concentration in a sample.
Values ranged between 2.9 and 4.1% with a mean of 3.5%.
Significant differences (P<0.05) were observed among the
varieties which may be attributed to varietal effect. Comparable
ash content (2.50-4.90%) has been reported for D. alata tubers".
The amount of ash in a tuber depends on the type of soil from
which it was harvested, the moisture content and the maturity of
the crop 2.

Sugar contents ranged between 3.6% for TDa 01/00041 and
11.0% for TDa 95/00328 with a mean of 5.7%. There were
significant differences (P<0.05) among the test varieties. A
comparable range of 0.6-15.8% sugar has been reported for D.
alata varieties '*'°. Sugar in yam is believed to confer sweetness
in the cooked tuber which influences food quality °. Pona, a
variety of D. rotundata, is preferred for boiled yam because of its
sweet taste coupled with other qualities »*. Starch content, on the
other hand, ranged between 60.3% for TDa 95/00328 and 74.4%
for TDa 98/159. Significant differences (P<0.05) were observed
among the varieties. Similar starch contents (39.9-84.9%) have
been reported in D. alata varieties ' 1. Starch is known to account
for about 80% on a dry weight basis of yam carbohydrate; hence,
a rich source of carbohydrate to its consumers. It is also a
dominant factor in determining the physicochemical, rheological
and textural characteristics of yam food products 2527,

Total dietary fibre (TDF) content ranged between 4.1% for TDa
98/001174 and 11.0% for TDa 92-2 with a mean of 6.8%. Dietary
fibre (DF) is an essential component in human and animal
nutrition®. A high intake of DF 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 helps to prevent the development of
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diverticulosis and chronic diseases including coronary heart

disease, colonal cancer and other disorders of the gastrointestinal
lining ?. Cereal grains, particularly whole grains are the most
important sources of DF 3°. Whole oat flour typically has 14%
TDF, whole wheat flour 12% and whole brown rice 5%. Even at
these low levels, the fibre contents of whole-grain flours would
have a significant impact on performance *'. In some of the test
varieties, TDF contents were as high as 11%, higher than those
reported in brown rice and more comparable to that of whole

wheat flour. Woolfe 32 reported that yam flour has higher levels of
fibre than potato flour, refined wheat flour, maize and rice. Intake
of TDF could, therefore, be increased by the consumption of
foods from D. alata or by incorporating it into other sensorially
accepted foods. The variations in TDF of D. alata flour could
also be of significance in selecting specific varieties in the

formulation of diets for diabetics and other health conscious

individuals.

Mineral composition of D. alata flour: The mineral composition
of the D. alata varieties is presented in Table 2. There were
significant (P<0.05) varietal differences among all the minerals
across the 16 varieties. Phosphorus (P) is found in most foods
because it is a critical component of all living organisms. About
800 mg of P is recommended for adults per day. A range of 878 to
1900 mg/kg with a mean of 1535 mg/kg of P was obtained for the
varieties. Yam starches are reported to contain 3-4 times as much
phosphorus as found in cassava and aroid ones 2. Moorthy and
Nair * reported 0.11 and 0.015% phosphorus in D. rotundata
grown in India. The average value being reported in this study
(1563.34 mg/kg or 0.156%) is higher than found in other studies
and this could be due to varietal and environmental differences.

Calcium contents of the D. alata varieties ranged between 260
and 410 with a mean of 328 mg/kg. There were significant
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Table 2. Mineral composition of Dioscorea alata flour (mg/kg).

Variety P Ca Mg K Na Mn Cu Zn

TDa 00/00364 1531 310 500 14,450 104 9.7 13.5 11.9
TDa 01/00002 1517 310 405 14,150 118 4.8 12.3 12.9
TDa 01/00024 1603 335 475 17,950 106 9.7 13.2 10.8
TDa 01/00041 1774 335 580 19,950 112 4.8 12.7 12.8
TDa 01/00081 1900 410 390 17,050 113 6.4 13.5 10.7
TDa 85/00250 1801 385 490 20,100 131 8.1 15.5 10.1
TDa 92-2 1484 410 515 15,600 115 5.6 15.1 12

TDa 95/00328 1502 360 410 16,000 111 15.4 14.7 12.3
TDa 95-310 1208 335 460 17,200 89 12.5 15.7 12.2
TDa 98/01174 1800 335 500 17,400 119 12.1 12.9 11.5
TDa 98/01176 1554 310 515 12,700 95 12.4 14.1 12.2
TDa 98/01183 1614 260 420 13,800 119 15.2 14.4 12.1
TDa 98-159 1457 310 500 10,550 101 13.2 15.6 12.3
TDa 99/00332 878 260 500 11,100 84 22.1 14.4 13.6
TDa 99/00395 1605 310 490 15,250 97 13.3 13.9 14.1
TDa 291 1343 285 435 12,100 96 21.9 13.7 12.9
Min 878.0 260.0 390.0 10,550.0 84.0 4.8 12.3 10.1
Max 1900.0 410.0 580.0 20,100.0 131.0 22.1 15.7 14.1
Mean 1535.7 328.8 474.1 15,334.4 106.9 11.7 14.1 12.2
SE 62.4 11.3 12.6 721.2 32 1.3 0.3 0.3
LSD 0.0 119.0 140.4 4,275.1 37.9 19.2 9.3 23

differences among the varieties. In a similar study on yam, Dilworth
et al. ** obtained 300 mg/kg calcium in cooked yellow yam and
410 mg/kg calcium in the uncooked, 14.3-46.9 mg/100 g (fresh
weight) has also been reported in wild yams *. The RDA for

calcium is about 800-1200 mg for adults. Mineral calcium is vital
for the development of healthy bones and teeth. It is also needed
for muscle contraction and regulation of the heartbeat, and is

involved in the formation of blood clots. A long-term shortage of
calcium can lead to osteoporosis, when the bones become brittle
and break easily. D. alata, from this study, may contribute to

calcium requirement to its consumers.

The average test variety had potassium content of about 15,334
mg/kg ranging from 10,550 to 20100 mg/kg. Bhandari ef al. *°
obtained 250-560 mg/100 g K on fresh weight bases unlike dry
weight bases in this study. Potassium is a mineral that helps the
kidneys to function normally and control blood pressure. With
this appreciable content of K in the varieties, D. alata could be
recommended for people with high blood pressure 22 but may not
be suitable for people with renal failure. The proper balance of
potassium in the body depends on sodium. Therefore, an
excessive use of sodium may deplete the body’s stores of
potassium. Daily intake of potassium (K) between 1875 and 5625
mg is considered adequate and safe, however, too much can be
harmful.

Magnesium content ranged between 390 mg/kg for TDa 01/00081
and 580 mg/kg for TDa 01/00041 with a mean of 474 mg/kg for the
varieties. In a similar study, Bhandari et al. ** obtained Mg
contents of 18.3-27.3 mg/100 g (fresh weight) in wild yams. The
RDA of Mg is set at 300 mg for women and 350 mg for men. Yam
is considered a good source of magnesium * and from the results
obtained in this study; D. alata could be a very good source of Mg.

The mineral sodium (Na) is important for the control of water
balance in the body. It also helps with normal nerve impulse
regulation and muscle contraction. Na content of test varieties
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ranged between 84 mg/kg for TDa 99/00332 and 131 mg/kg for
TDa 85/00250 with a mean of 106 mg/kg. The recommended daily
intake is between 1110 and 3300 mg, however, too much can be
harmful to the body. The result of this study shows that D. alata
is a low sodium source. The high potassium and low sodium
contents of the varieties may make them good potassium-sodium
balance in the human body and so protect against osteoporosis
and heart diseases *’.

Manganese (Mn) content of the varieties ranged from 4.8 to
22.1 mg/kg. There were significant differences (P<0.05) among
the test varieties. Comparably low Mn (0.14-0.35 mg/100 g fresh
weights) has been reported in the literature *. This could be due
to the differences in the state of the samples used in the two
different studies. Mn is part of the bones and 2.5 to 5 mg per day
is considered adequate and safe.

The measured content of Cu ranged between 12.3 and 15.7 mg/
kg of the D. alata flour. The values in this study seem to be high
as compared to what was obtained (0.10-0.21 mg/100 g fresh
weight) in wild yams by Bhandari et al. *. Again the high values
could possibly be due the difference in the state of samples. Too
much Cu can be harmful, however, 2 to 3 mg/day intake is
considered adequate and safe. Good sources are liver, shellfish,
whole grains, legumes and nuts; Cu is 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 ranged between 10.10 and 14.10 mg/kg. 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 D. alata flour, the species could be recommended for
diet formulations for hypertensive patients. Similar zinc contents
were obtained in boiled yam (6.7-13.0 mg/kg) and yam flour (5.7-
15.0 mg/kg) (Personal communication). Zn helps to regulate many
of the human body’s processes. It is essential for survival and
deficiency has serious consequences for health *.
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Daily consumption of yam in most yam producing areas is quite
high. Nweke er al. 3 established that people in major yam
producing rural areas in Southeast Nigeria consumed as high as
757 calories per capita per day as compared to other root and
tuber crops with lower but comparable figures in urban areas.
However, yam consumption varies greatly across countries as
well as across zones in individual countries. The average yam
consumed per capita per day is estimated by FAOSTAT “ at
108.0 kcal in West and Central Africa, 4.5 kcal in East and Southern
Africa, 2.0 kcal in Asia, 70.0 kcal in the Pacific, 33.0 kcal in the
Caribbean and 7.8 kcal in Latin America. With the high
consumption of yam, particularly in West Africa, and the
appreciable contents of these minerals in the varieties, D. alata
could be an important contributor to their RDA.

Conclusions

The D. alata varieties on the average had comparable biochemical
composition to what is reported in the literature. Moisture and
protein contents were relatively high as compared to other root
and tuber crops. Ranges for sugar and starch were from 3.6-
11.0% and 60.3-74.4%, respectively. In some of the test varieties,
TDF contents were as high as 11%. The tubers had appreciable
levels of phosphorus, calcium, potassium, zinc, manganese and
copper. Sodium content was low. The results indicate that D.
alata varieties could be good sources of nutrients to its
consumers and could also be very useful in nutritional
applications and diet formulations. Highly significant variations
(P<0.05) were observed among the varieties which suggest the
potential for improvement through breeding programmes in
promising varieties.

References

"Hahn, S. K., Osiru, D. S. O., Akoroda, M. O. and Otoo, J. A. 1987. Yam
production and its future prospects. Outlook on Agriculture 16(3):105-
110.

2Scott, G. J., Rosegrant, M. and Ringler, C. 2000. Roots and Tubers for
the 215 Century: Trends, Projections and Policy Options. Food
Agriculture and the Environment Discussion 31. International Food
Policy Research Institute (IFPRI) and International Potato Centre
(CIP), Washington DC, USA.

SFAO 2002. Production Yearbook. Vol. 55. Collection FAO Statistics,
No. 170. FAO, Rome, Italy.

4Opara, L. U. 1999. Yam storage. In Bakker-Arkema, F. W. (ed). CIGR
Handbook of Agricultural Engineering. Vol. IV. Agro Processing. The
American Society of Agricultural Engineers, St. Joseph, M1, USA, pp.
182-214.

*Mignouna, H. D., Abang, M. M. and Asiedu, R. 2003. Harnessing modern
biotechnology for tropical tuber crop improvement: Yam (Dioscorea
spp.) Molecular Breeding. Available online. http://pandapedia.com/
wiki/Yam_ (vegetable) accessed February 2008.

*Grantham-McGregor, S. and Ani, C. 2001. A review of studies on the
effect of iron deficiency on cognitive development in children. Journal
of Nutrition 131:649S-68S.

"Frossard, E., Bucher, M., Machler, F., Mozafar, A. and Hurrel, R. 2000.
Review. Potential for increasing the content and bioavailability of Fe,
Zn and Ca in plans for human nutrition. Journal of the Science of Food
and Agriculture 80:861-891.

Shttp://www.harvestplus.org/micronut.html. (Accessed on 20 June 2007).

’Afoakwa, E. O. and Sefa-Dedeh, S. 2001. Chemical composition and
quality changes in trifoliate yam Dioscorea dumetorum tubers after
harvest. Food Chemistry 75(1):88-91.

"Lape, M. I. and Treche, S. 1994. Nutritional quality of yam (Dioscorea

Journal of Food, Agriculture & Environment, Vol.7 (2), April 2009

dumentorum and D. rotundata) flours for growing rats. Journal of the
Science of Food and Agriculture 66:447-455.

TAOAC 1997. Official Methods of Analysis of the Association of Official
Analytical Chemists. 15" edn. The Association, Arlington, VA.

2HACH 1990. Procedures Manual. Systems for Food, Feed and Beverage
Analysis. Hach, Colorado.

3Dubois, M., Gilles, K. A., Hamilton, J.K., Rebers, P.A. and Smith, F.
1956. Colorimetric method for determination of sugars and related
substances. Analytical Chemistry 28:350-356.

“Prosky, L., Asp, N.G,, Furda, I., DeVries, J.W., Schweizer, T.F. and
Harland, B. F. 1985. Determination of total dietary fibre in foods and
food product: Collaborative study. Journal Association of Official
Analytical Chemists 68:677-679.

“Hunter, R. C., Halverson, T. L. and Anderson, R. D. 1984. Quality
assurance for plant tissue analysis by ICP-AES. Commun. Soil Science
Plant Analysis 15(11):1285-1322.

!Benton, J., Jones, J. R. and Vernon, W. C. 1990. Sampling, handling and
analyzing plant tissue samples. In Westerman, R.L. (ed). Soil Testing
and Plant Analysis. 3 edn. SSSA Book Series No. 3.

7SAS Institute Inc. 2003. SAS® 9.1 Qualification Tools User’s Guide.
SAS Institute Inc, Cary, NC, U. S. A.

"®Maziya-Dixon, B. and Asiedu, R. 2003. Characterisation of
Physicochemical and Pasting Properties of Yam Varieties. 2003 Project
A Annual Report, International Institute of Tropical Agriculture,
Ibadan, Nigeria.

“Lebot, V., Malapa, R., Molisale, T. and Marchand, J.L. 2005.
Physicochemical characterization of yam (Dioscorea alata L.) tubers
from Vanuatu. Genetic Resources and Crop Evolution 53(6):1199-
1208.

*Martin, F. W. 1974. Tropical Yams and Their Potential. Part 3. Dioscorea
alata. USDA Agriculture Handbook no. 495, 40 pp.

2zutsu, T. and Wani, K. 1985. Food texture and taste: A review. Journal
of Texture Studies 16(1):1-28.

2(Qsagie, A.U. 1992. The Yam in Storage. Postharvest Research Unit,
University of Benin, Nigeria.

2Muzac-Tucker, I., Asemota, HN. and Ahmad, M. H. 1993. Biochemical
composition and storage of Jamaican yams (Dioscorea sp.). Journal
of'the Science of Food and Agriculture 62:219-224.

#Sefa-Dedeh, S. and Agyir-Sackey, K. S. E. 2002. Starch structure and
some properties of cocoyam (Xanthosoma sagittifolium and Colocasia
esculenta) starch and raphides. Food Chemistry 79:10-18.

#0Otegbayo, B.O., Achidi, A.U., Asiedu, R. and Bokanga, M. 2001. Food
Quality attributes of Pona yam. Paper presented at 8" Triennial
Symposium of the International Society for Root and Tuber Crops-
Africa Branch (ISTRC-AB) held at International Institute of Tropical
Agriculture (IITA), Ibadan, 12-16 November, 2001.

2Moorthy, S.N. 1994. Tuber Crop Starches. Technical Bulletin Series
18. Central Tuber Crops Research Institute, Thiruvananthapuram,
Kerala, India.

2You, S. and Izidorczyk, M. S. 2002. Molecular characteristics of barley
starches with variable amylose content. Carbohydrate Polymer 49:33-
42.

ZJohansen, H. N., Wood, P. J. and Bach, K. E. 1993. Molecular weight
changes in the (1—3)(1—4)-B8-D-glucan of oats incurred by the
digestive processes in the upper gastrointestinal tract. Journal of
Agriculture and Food Chemistry 41:2347-2352.

#Topping, D.L. and Clifton, D.L. 2001. SCFA and human colonic function:
roles of resistant starch and nonstarch polysaccharides. Physiology
Reviews 81:1031-1064.

*Dongowski, G., Huth, M., Gebhardt, E. and Flamme, W. 2002. Dietary
fiber-rich barley products beneficially affect the intestinal tract of
rats. Journal of Nutrition 132:3704-3714.

*Best, D. 2005. Making fibre in GI Foods. Functional and Nutraceuticals.
http://www.ffnmag.com/ NH/ASP/ strArticleID/687/strSite/FFNSite/
articleDisplay.as.

2Woolfe, J.A. 1987. The Potato in the Human Diet. Cambridge Univ.

377



Press, Cambridge, UK.

3Moorthy, S.N. and Nair, S. G. 1989. Studies on Dioscorea rotundata
starch properties. Stirke 41:81-83.

*Dilworth, L.L., Omonuyi, F.O. and Asemota, H.N. 2007. In vitro
availability of some essential minerals in commonly eaten processed
and unprocessed Caribbean tuber crops. Biometals 20:37-42.

3Bhandari, M.R., Kasai, T. and Kawabata, J. 2003. Nutritional evaluation
of wild yam (Dioscorea spp.) tubers of Nepal. Food Chemistry
82(4):619-623.

$http://www.innvista.com/HEALTH/foods/vegetables/yams.htm
(Accessed on 20 June 2007)

*"Walsh, S. 2003. Plant Based Nutrition and Health. Vegan Society Ltd,
London, pp. 54, 165-166.

¥Brown, K. H. and Wuehler, S.E. (eds) 2000. Zinc and Human Health:
Results of Recent Trials and Implication for Programme Interventions
and Research. Micronutrient Initiative, Ottawa, Canada.

¥Nweke, F. 1., Okoroji, E. C., Njoku, J. E. and King, D. J. 1992. Elasticities
of Demand for Major Food Items in a Root and Tuber-Based Food
System: Emphasis on Yam and Cassava in South Eastern Nigeria.
Research and Crop Management Program Research Monograph No.

11, International Institute of Tropical Agriculture, Ibadan, Nigeria.

“FAOSTAT 2005. Estimates of Agricultural Land Use. Internet Database,

Rome, Italy.http:/faostat.fao.org/ (Accessed on 20" January, 2008).

378

Journal of Food, Agriculture & Environment, Vol.7 (2), April 2009



