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Abstract: The nutritional and anti-nutritional compositions of African Yam Bean (AYB) and Lima bean flours
under different processing methods were determined. Nutritional and anti-nutritional properties studied include
moisture content, crude protein, crude fibre, ash content, ether extract, carbohydrate, tannin, protease nhibitor
and phytate. The moisture content of AYB flours ranged from 9.31 to 9.61% while that of lima beans ranged from
9.32 to 9.56%. There 1s a significant different among the samples when the unprocessed AYB (control) and the
processed AYB were compared. The same trend was also observed with lima bean flours. However, some
nutrient did not show significant variations with processing. It was observed that samples of soaked/de-hulled
AYB have the least protease wubitor of 0.73 mg/100 g and 1t 1s sigmificantly different from the unprocessed
samples. Soaked/de-hulled flours of both AYB and lima beans have the most percentage decrease in anti-
nutritional content. T.ima bean flows were observed to have higher anti-nutritional content than AYB. The
percentage decrease of anti-nutritional factors in the samples is proportionally higher than that of the nutrients.
The nutritional and anti-nutritional compositions of the samples suggest that processed African Yam Bean

(AYB) and Lima bean flours would have useful application i fabricated foods.
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INTRODUCTION

Protein of animal origin in Nigeria is of greater
demand than its supply (Ojewole, 1993). Going by
principles of economics, greater demand against supply
brings increased point of sale prices of ammal protein,
therefore, making it unaffordable by low-income earners.
In tropical Africa, mixture of cereals or starchy foods and
grain legumes is usually the stable diet among low-income
groups. The legumes and protemn-rich seeds are added as
substitutes to high protein foods of ammal origin which
are too expensive for the majority of the low-income
earmers {Wokoma and Aziagha, 2001). Thus, leguminous
plants have met the need of the consumers as sources of
protein. This is due to their contributions of about 18% of
the world's protein requirement in Nigeria. The most
popularly consumed  protein-rich  foods
cowpea (Vigna wunguiculata), African locust bean
(Parkia biglobosa), melon (Citrullus vulgaris), African
oil bean (Pentaclethra wmacrophylla) and groundnut
(Arachis hypogea).

Cowpea consumption, for example, has gained
popularity in Nigeria because it is a good sowce of

include

protein for many who cannot afford protein from foods

such as fish and meat (Osho and Dashiell, 1998). African
Yam Bean (AYB) (Sphenostylis stenocarpa) 1s one of the
under-utilized legumes cultivated in various parts of
Africa for its edible seeds and potato-like spindle shaped
tubers. It belongs to the family, Papilionacea which 1s
sometimes classified m the sub-family Leguminosae
(Evans and Boulter, 1974). The prices of African yam
beans and lima beans, an underutilized legume, are
considerably lower than their popular counterpart,
cowpea (Frank-Peterside et al., 2002). This comparison 1s
similar for pigeon pea and lima beans too. Unlike cowpea,
these minor underutilized legumes (lima beans and African
yam beans) have not received much popularity and wider
acceptance, although most of them are widely distributed
and with better yields (Amoatey et al., 1997). These
neglected pulses of tropical origin have attracted research
interest m recent times due to their nutrient contents and
have also been reported that they have higher anti-
nutritional content as compared to the major legumes
(Fasoyiro et al., 2006). The anti-nutrients found in these
legumes  reduce the availability of nutrients for
absorpton from these legumes but a number of
processing and preparation methods helps in reducing
their effect (Ene-Obong and Obizoba, 1996). The
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underutilized grain legumes are considered to be
functional foods in addition to their traditional role of
providing dietary protein because of their relatively higher
free radical scavenging ability and also their cholesterol
lowering activity.

In order to contribute to the search of a nutritious
and more affordable food sowce, the present study
analyzed two (2) underutilized legumes, lima beans and
African yam beans flours, for their proximate composition
and various anti-nutrients like tannins, phytate and
trypsin nhibitor under different processing methods.

MATERIALS AND METHODS

Sample collection: African yam bean (Sphenostylis
stenocarpa) and Lima bean (Phaseolus lunatus) seeds
were used in this study. The diy seeds were purchased
from a local market, Uhanmi Market, Isua Akoko, Ondo
State, Nigeria and Waso Market, Ogbomoso, Oyo State,
Nigeria, respectively. All bean seeds were stored m
air-tight plastic containers in the refrigerator, prior to use.
Storage in the refrigerator is to avoid weevil infestation.

Sample preparation: Three processing methods were
applied before milling the seeds which includes the
following: A portion, each of African yam bean and lima
beans, were soaked for 24 h and sun-dried before milling.
The second portion each were soaked for 12 h and
de-hulled before milling. The third portion each was
sprouted then dried before milling. The last portion each
were milled wnprocessed and serve as control. The
legumes seed were milled to pass through a 1.0 mm sieve.
All the flour samples from each legume were stored in
polythene bags at 4°C.

Analytical procedure

Moisture content determination: The moisture content of
the samples was determined using AOAC (1990) method.
The sample (2-5 g) was weighed into already-weighed
clean drying cans. The cans with the sample were then
placed in a well-ventilated oven (Fisher Scientific Isotemp
oven, by Fisher Scientific Co. USA, model 655F)
maintained at 105+2°C. After 16-18 hours, the drying cans
were then transferred into a desiceator to cool after which
the final weights were taken.

Percentage moisture content (MC) = M><100
]

Where:
W, = Weight of empty moisture content can with sample
before diying

W, = Weight of moisture content can with sample after
drying

3 Weight of sample

Ash content determination: This was carried out using
AOAC (1990) method. About 2 g of the samples were
weighed nto a crucible dish which had been previously
1gnited and weighed. The crucible dish was then placed
on a hot plate inside the fume cupboard to char the
organic matter, while the remaining residue (inorganic
matter) was later transferred into the muffle fumace,
(Fisher Scientific Isotemp Muffle furnace by Fisher
Scientific Co. USA, model 186A) maintained at 600°C for
6 h to completely ash the sample. The crucible dishes
were then transferred into a dessicator to cool and it was
weighed thereafter.

The percentage ash content was calculated as
follows:

Ashcontent% =
W.

Where:

W, = Weight of crucible

W, = Weight of crucibletsample before ashing
W, = Weight of crucibletsample after ashing

Crude protein determination: This was carried out using
HACH (1990) method. The sample (0.20-0.25 g) was
weighed into the digesting tube and 4 ml each of
concentrated tetraoxosulphate IV acid (H,S0,) and
hydrogen peroxide (H,O,) were added. One (1) tablet of
Kjeldhal catalyst was added and the sample was digested
on the digestion block at 375°C for three (3) h. The tube
was then filled up with distilled water to the mark and then
covered with alumimum foil and it was mixed well
Approximately 1 ml, of the digest was pipetted intoa
25 ml volumetric flask and 3 drops each of polyvinyl
alcohol solution and mineral stabilizer were added and
filled up to the 25 mL mark with distilled water. Then 1 mL
of Nessler reagent was added The mixtwe was then
poured into the Hach spectrophotometer to determine the
concentration of mtrogen at 460 nm.

Nitrogen%= conc.x0.0075
sampleweight(g)

Protein® = % Nitrogenx6.25

Crude fibre content determination: This was carried out
using AOAC (1990). The sample (2.0 g) was weighed into
a 600mL long beaker and 200 mL of hot 1.25% H,30,was
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added to it The beaker was then placed on the digester
apparatus that had been pre-heated. The content was
then boiled and refluxed for 30 min. The content was then
filtered through Whatman GF/A paper by gravity. The
beaker was rinsed with distilled water and the residue was
washed on the paper with distilled water until the filtrate
was neutral. The residue was then transferred from the
paper back into the beaker with the aid of 1.25% hot
Sodium hydroxide (NaOH) and the volume of the NaOH
was adjusted to 200 mL.. The beaker was returned onto the
digestion apparatus, boiled and refluxed for 30 min. Tt was
then filtered and rinsed. The paper was then transferred
with residue into a crucible and dried at 100°C overmght.
It was then cooled m a desiccator and weighed
(Weight A). The sample was then placed in a furnace at
600°C for 6 h. Then cooled in a desiccator and reweighed
(Weight B). The loss i weight during incineration
represents the weight of crude fibre in the sample.

(Weight A - Weight B)

Total dietry fibre% = -
Sample weight (g)

100

Ether extract content determination: The procedure of
AOAC (1990) was employed using an automated system
(Soxtec/Soxhlet system HT2). Three gram of dried sample
was weighed into the thimble, plugged with cotton wool
and inserted mto the soxtec HTec. Fifty milliliter of
solvent (Hexane) was poured inside the cups (with boiling
chips). The cups was also mserted into the soxtec HT.
Extraction was done for 15 min in “Boiling” position and
for 30-45 min in “Rising” position before the solvent
evaporates. The cup was released, dried at 100°C for
30 mir, cooled in a desiceator and weighed.

The percentage fat content will be obtained as below:

Weight of cup with extracted oil — weight of emmpty cup
Rampleweight ()

Fat% =

Carbohydrate content was determined by difference
(AOAC, 1990).

Anti-nutritional factors analysis: The condensed tanmns
were determined by method of Morrison et al. (1995)
which was a modification of vanillin method of Burns
(1971) using 1.0 mg mL ™" of catechin in 1% HCI-MeOH as
standard, the coloured substituted product was measured
at 500 nm. Phytate was determined by the amon exchange
method which is the modified Holts Method using
HN,CNS as standard. Protease inhibitory activities were
determined by Casein Digestion method as described by
Kakade et al (1970).

Statistical analysis: Data were subjected to analysis of
variance and means were separated by Duncan multiple
range test in accordance with Statistical Analysis System
package (SAS, 2003).

RESULTS AND DISCUSSION

Nutritional compesition: The comparative nutritional
analysis of Africa yam beans and Lima beans under
different processed forms are shown in Table 1. The
moisture content of AYB flowrs ranged from 9.31 to 9.61%
while that of lima beans ranged from 9.32 to 9.56%. There
15 a sigmficant different among the samples when the
unprocessed AYB (control) and the processed AYB were
compared. The same trend was also observed with lima
bean flours. All the samples of AYB and lima beans have
moisture content that 13 considerably low and will not
favor microbial growth. In the reported results, it was
observed that moisture content of the different processes
increased as compared to their control, for both Lima and
AYB flows. The increase might be due to the addition of
water involved in the processes, as sprouting invelved
sprinkling water on sample dry seed and de-hulling
involved soaking in water. The moisture content could
have been further reduced if samples were subjected to
firther sun-drying. Since moisture content 1s a function of
water activity that determines shelf lLife, it 1s inferred that
the processed samples would have a lower shelf life
relative to their corresponding control if under the same
humidity  condition (Adeyeye, 1997,
Eromosele et al., 2008).

The crude protein content of unprocessed AYB and
Lima bean flours are 23.53 and 24.46%, respectively. They
are slightly different from each other (p<0.05) had
significant difference (p< 0.05) with other flours that were
processed. The crude protein contents of unprocessed
AYB and lima bean observed in this study were within the
range of values reported for cowpea by Ekpenyong and
Borchers (1980) and Omuet: and Singh (1987); although,
Dovlo et al. (1976) however reported lower value of crude
protein (22%) for cowpea. This gives an indication that
the unprocessed samples of AYB and lima beans have
higher protemn content. It was observed that there 1s

contents

decrease in protein content with processing. Singh and
Eggum (1984) reported that considerable nutritional loses
occur during primary processing which includes removal
of seed coat from raw pigeon pea to obtain dhal. Such
losses occwr due to the presence of protein rich outer
layers and these outer layers are lost as a result of
abrasive action of roller mill during processing. It is

observed that soaked/de-hulled samples of both lima bean
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Table 1: Comparative analysis of African yam bean nutrient composition with different processing methods

Samples Moisture (%) Crude protein (%) Ether extract (%) Ash content (%) Crude fiber (%0) Carbohvdrate (%)
Unprocessed AYB 9.27+0.0577 23.5340.1528 1.51+0.000¢ 3.27£0.0577 2.27+0.0577¢ 60.16+0.0577
Sprouted AYB 9.46+0.10008 22.63+0.15281 1.26+0.0577 3.27+0.1155° 2.11=£0.00004 61.27+0.1528
Soaked/de-hulled AYB  9.6140.0000¢ 21.7740.0577 1.3240.1000P 3.21+0.1000° 2.03+0.0577° 62.83+0.17324
Soaked (24 h) AYB 2.31+0.0577 21.03+0.0577* 1.33+0.0577 3.23+0.0577° 1.97+0.0577° 62.56+0.1732
Unprocessed Lima 9.3240.0000° 24.46+0.1528" 5.93+0.0577 3.37£0.0577¢ 2.51£0.0000° 54.4340.1155
Sprouted Lima 9.43+0.1528° 23.73+0.05778 5.31+0.00008 3.32+0.1000¢ 2.27+0.0577¢ 55.97+0.057 7
Soaked/de-hulled Lima  9.56+0.1155° 22.83+0.0577° 5.37+0.0577 3.27£0.0577 1.97+£0.0577° 57.66+0.0577
Soaked (24 h) Lima 9.43+0.1528 22.17+0.0577 5.47+0.0577 3.23+0.1528° 1.89+0.1155¢ 57.13+0.208F

Mean values with different alphabets in the same column are significantly different at p<0.05

and AYB flours have the greatest percentage decrease,
10%, as compared with their respective
unprocessed samples. Twenty four hours soaked samples
also have crude protein values which are slightly different
from the 12 h soaked/de-hulled samples. This may be due
to the fact that the grains spent longer time in water
and some proteins are soluble i water, globulins
(Lehninger et al., 2000).

The ether extract of unprocessed AYB, 1.51%, is
significantly different from that of its counterpart-
unprocessed lima beans, 5.93% (p<0.05). These low fat
contents observed in these flours however, higher than
that of cowpea as reported by Fasoyiro et al (2006).
Moreover, Lima bean flows, unprocessed and processed,
have significantly higher fat content than all the samples
from AYB. The values for all the unprocessed samples of
African yam beans are not significantly different from
each other and also not significantly different from their
control (unprocessed African yam beans). Twenty-four
hours soaked sample of lima beans have the highest crude
lipid content among all the processed samples of lima
beans, 5.47%, while sprouted samples have the least
crude lipid content, 5.31% and are significantly different
from other samples. The result indicates that the various
processing applied mn this research did not sigmficantly
affect the fat content of AYB lima beans which obviously
15 due to the msoluble nature of fat. Although not
significantly different, sprouted samples of AYB however,
have the least fat content. This may result from the usage
of nutrient during germination.

The ash content of the unprocessed AYB, 3.27% 1s
not significantly different from sprouted flour. Ash
content of all the samples of these minor grain legumes
were in the range of 3.21-3.37% and are all significantly
different (p<0.05) from each other, except unprocessed
AYB and sprouted flours. It 13 observed that soaked/de-
hulled sample of African yam beans have the least value
for ash content (Table 1). Tt is inferred that the physical
removal of the testa of the seed may have contributed to
this lower value as the testa may contain some mineral
constituents, however, a more detail research on ‘effect of
de-hulling on mineral content of a variety of seeds’ need
to establish a fact.

about

Crude fiber contents of all the samples ranged from
1.89to 2.51%. The crude fiber content of the unprocessed
AYB flour, 2.27%, is sigmficantly different from that of the
unprocessed lima beans, 2.51% (p<t0.05). The result also
shows that the crude fiber content of all the processed
sample of African vam beans are significantly different
from each other including the control (unprocessed
samples), however with mimimum numerical value. [t was
observed that 24 h soaked samples of both lima beans and
AYB flours have least values of crude fibre content.
Bazzano et al. (2003) reported that lima beans contain
both soluble and insoluble fiber and thus suggest that
soluble fiber may have gone into solution during soaking.
However, these values are much lower than values that
Bazzano et al. (2003) reported to describe the functionality
of lima beans.

The carbohydrate contents of all the samples are
shown in Table 1. Greater proportion of the grain of each
of the sample 1s actually carbohydrate, the value of which
18 60%. Carbohydrate content, obtained by difference
(McDonald et al., 1973), of unprocessed lima beans has
the least value, 54.43%, among all the samples of lima
beans (Table 1) and 1t 1s significantly different from all of
them. Tt is observed that the carbohydrate content of the
samples mcreased with processing. This i1s because each
process reduced significantly other nutrient contents
of the samples and since carbohydrate content is
obtamed by difference of the other constituents from
100% (McDonald et «l, 1973), hence the increase.
Fasoyiro et al. (2006) reported that these values are
significantly igher than values for soybean and ground-
nut as ther fat content 1s very high. The carbohydrate
contents of all the samples are in the same range reported
for cowpea (Obatolu et al., 2001 ). Adeyeye et al. (1994)
also reported carbohydrate contents in the range of
43.26-53.35% 1 three varieties of African yam beari. There
is therefore wide variability for this trait among the grain
legumes.

Anti-nutritional composition: The results obtamned for
anti-nutritional analysis of AYB and lima bean flours
under different processing are shown in Table 2. The
anti-nutritional contents were measured in mg/100 g of
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Table 2: Comparative analysis of anti-nutritional constituents of African yam beans and Lima beans with different processing

Samples Protease inhibitor (mg/100 o) Phytate (mg/100 g) Tannins (mg/100 g)
Unprocessed AYB 1.47£0.0577° 18.2340.305 5 5.13+0.0667°
Sprouted AYB 1.21£0.0000° 15.1740.2887° 3.83£0.1667°

Soaked/de-hulled AYB
Soaked (24 h) AYB
Unprocessed Lima
Sprouted Lima
Soaked/de-hulled Lima
Soaked (24 h) Lima

0.73£0.0577°
1.03£0.0577°
3.51+£0.00008
2.6740.1155°
1.05+0.0000°
1.37+0.1528¢

11.33£0.2887 1. 5140.0000°

12.3340.0887" 2.17+0.1667°
22.3340.2887" 10.51£0.0000"
21.0520.0000F 7.51£0.0000¢
16.3340.2887° 4.83+0.1667¢
18.1740.2887 6.05£0.00007

Mean values with different alphabets in the same column are significantly different at p<0.05

samples. The tanmn, phytate and protease intubitor
contents of all the samples of AYB and lima beans were
significantly higher than those recorded for the major
grain legumes like cowpea, as reported by Fasoyiro et al.
(2006). It was observed that samples of scaked/de-hulled
AYB have the least protease mhibitor of 0.73 mg/100 g
and 1t 1s sigmficantly different from the unprocessed
samples. It was also observed that there was considerable
decrease of anti-nutrittonal content with processing.
Soaked/de-hulled samples of both AYB and lima beans
have the most percentage decrease in anti-nutritional
contenit. Ma and Bliss (1978) reported that tanmins are
located m seed hull and that de-hulling processes may be
expected to reduce its levels. Fasoyiro et al. (2006) and
Ajibola et al. (2011) also reported reduced values for
processed AYB when compared with unprocessed flours.
They recorded higher values of anti-nutritional content
with colored varieties as compared with white varieties
but they however suggested that a germplasm collection
comprising several accessions of varying colors will be
required to establish association between color mtensity
and anti-nutritional content m these minor legumes. Seed
hull 15 the carrier of color intensity; this suggests the
reason for the pgreater percentage decrease n anti-
nutritional content of soaked/de-hulled samples of both
AYB and lima beans as compared with other processes
(Oboh et al., 1998; Fasoyiro et al., 2006).

Among all the samples, unprocessed lima beans have
the highest value of phytate, 22.33 mg/100 g and it 1s
significantly different from all other samples (Table 2).
Soaked/de-hulled African yam beans have the least value,
11.33 mg/100g. Unprocessed lima beans have the highest
tannin content, 10.51 mg/100 g and it 1s sigmficantly
different from that of African yam beans, 5.13 mg/100 g.
The result also revealed that sprouted AYB flour
(3.83 mg/100 g) and sprouted lima beans flour
(7.500 mg/100 g) have the highest tanmn content among
the processed samples while soaked/de-hulled sample,
1.51% have the least but have close values with 24 h
soaked samples. The values of anti-nutritional content of
24 h soaked samples were found to be n close range with
that of soaked/de-hulled samples. Vidal-Valverde et al.
(1997) reported sigmficantly high percentage decrease in
anti-nutritional content of faba beans with soaking. He
then observed that anti-nutrients were not detected after

cooking the soaked beans. Therefore, this study has
established that processing has a significant decrease
effect on the anti-nutritional contents of the minor
legumes studied.

CONCLUSION

This study has shown that the anti-nutritional
content of AYB and lima bean flours had a great deal of
percentage decrease when processed and a shght
decrease in their nutrient composition, although the
proportionality of decrease 1s much higher with the anti-
nutritional factors as compared with that of nutritional
contents. However, additional secondary processing such
as cooking would minimize the anti-nutritional content
without further deteriorating the nutrient content.

REFERENCES

AOAC, 1990. Official Methods of Analysis. 15th Edn,
Association of Analytical Chemist, Washington
DC., pp: 69-88.

Adeyeye, EI, A A Oshodi and K.O. Ipinmoroti, 1994.
Functional properties of some varieties of African
vam sean (Sphenostylis stenocarpa) flour. Int.
T. Food Sci. Nutr., 45: 115-126.

Adeyeye, EI, 1997 The effect of heat treatment on the
in vitro multienzyme digestibility of protein of

s1Ix  varleties of African Yam Bean
(Sphenostylis  stenocapa) flow. Food Chem.,
60: 509-512.

Ajibola, CF., I B. Fashakin, T.N. Fagbemiand R.E. Aluko,
2011. Effect of peptide size on antioxidant properties
of African yam bean seed (Sphenostylis stenocarpa)
protein hydrolysate fractions. Int. J. Mol Seci.,
12: 6685-6702.

Amoatey, HM.S.0, 3.0.  Bemnet-Lartey and
DK. Gamedoagbao, 1997. Conservation and
improvement of neglected traditional food crops in
ghana using induced mutation techniques.
Proceedings of the AFRA Planming Workshop on
Improvement and Rehabilitation of Traditional and
Neglected food Crops Through Mutation
Techmques, November 24-28th, 1997, Pretona, South
Africa, pp: 9-11.

2019



FPak. J. Biol. Sci., 16 (24): 2015-2020, 2013

Bazzano, L.A., 1. He, L.G. Ogden, CM. Loria and
P K. Whelton et al., 2003. Dietary fiber intake and
reduced risk of coronary heart disease in US men and
women: The mnational health and nuftrition
examination swvey i epidemiologic follow-up study.
Arch. Int. Med., 163: 1897-1904.

Burns, R E., 1971, Method for estimation of tanmn m grain
sorghum. Agron. I, 63: 511-512.

Dovlo, F.E., BE.E. Williams and A. Zoaka, 1976. Cowpeas:
Home Preparation and Uses in West Africa.
International Development Research Centre, Ottawa,
Canada, [SBN-13: 9780889360716, Pages: 96.

Ekpenyong, T.E. and RUL. Borchers, 1980. Effect
of cocking on chemical composition of winged
bean (Psophocarpus tetragonobolus). 1. Food Sci.,
45: 1559-1560.

Ene-Obong, HN. and 1.C. Obizoba, 1996. Effect of
domestic processing on the cooking time, nutrients,
antinutrients and in vitre protein digestibility of the
African yeambean (Sphenostylis stenocarpa). Plant
Foods Human Nutr., 49: 43-52.

Eromosele, C.O., L.A. Arogundade, I.C. Eromosele and
0. Ademuyiwa, 2008. Extractibility of african yam
bean (Sphenostylis sterocarpa) protemn m acid,
salt and alkaline aqueous media. Food Hydro,
22:1622-1628.

Evans, IM. and D. Boulter, 1974, Amino acid
composition of seeds of meals of yam bean
(Sphenostylis stenocarpa) and TLima bean
(Phaseolus iunatus). J. Sci. Food Agric., 25: 919-922.

Fasoyiro, S.B., 3.R. Ajibade, A.J. Omole, O.N. Adeniyan
and E.O. Farinde, 2006. Proximate, minerals and
antinutritional factors of some underutilized grain
legumes m south-western Nigeria. Nutr. Food Sci,,
36:18-23.

Frank-Peterside, N., D.O. Dosumu and H.O. Njoku,
2002. Sensory evaluation and Proximate analysis
of African yam bean (Strepnostylis stenocarpa).
I. Applied Sci. Environ. Manage., 6: 43-48.

HACH, 1990. Procedures Manual: Systems for Food, Feed
and Beverage Analysis. HACH Company, Loveland,
CO., USA,, Pages: 224.

Kakade, M L., N. Simen and LE. Liener, 1970. Note
on the determination of chymotrypsin and
chymotrypsin inhibitor activity using casein. Analyt.
Biochem., 33: 225-258.

Lehninger, A.L., D.I.. Nelson and M.M. Cox, 2000.
Principles of Biochemistrty. W.H. Freeman and
Company, New York, pp: 153-167.

Ma, Y. and FA Bliss, 1978 Tanmn content and
inheritance in commaon bean. Crop Sei., 18: 201-204.

McDonald, P., R.A. Edwards and I.F.D. Greenhalgh, 1973.
Ammal Nutrition. T and A Coenstable Ltd,
Edinburgh, pp: 2-5.

Morrison, I.M., EA. Asiedu, T. Stuchbuwry and
AA. Powell, 1995, Determination of lignin and
tannin contents of cow pea seed coats. Amn. Bot.,
76: 287-290.

Obatolu, V.A, S5.B. Fasoyiro and L.O. Ogunsumi, Z001. An
appraisal of chemical, physical and sensory
characteristics of twelve cowpea (Vigna unigulata)
varieties growing in Nigeria. J. Agric. Res., 2: 162-167.

Oboh, H.A., M. Muzquiz, C. Burbano, C. Cuadrado,
M.M. Pedrosa, G. Ayet and A. 1. Osagie, 1998. Anti-
nutritional constituents of six underutilized legumes
grown in Nigeria. I. Chromatogr., 823: 307-312.

Ojewole, G.5., 1993. Production, performance and body
composition of broilers as influenced by dietary
energy and protein in humid tropics. Ph.D. Thesis,
University of Ibadan, Nigeria.

Omueti, O. and B.B. Singh, 1987. Nutritional attributes of
improved varieties of cowpea (Vigna unguiculata 1.
Walp). Food Sci. Nutr., 41: 103-112.

Osho, SM. and K. Dashiell, 1998. Expanding soybean
production, processing and utilization in Africa. Tn:
Postharvest Technology and Commodity Marketing,
Ferris, R.3.B. (Ed.). [ITA, Ibadan, Nigeria, ISBN-13:
9789781311116, pp: 151-156.

SAS, 2003. SAS® 9.1 Qualification Tools User's Guide.
SAS Institute Inc., Cary, NC., USA.

Singh, TI. and B.O. Eggum, 1984. Factors affecting the
quality of pigeon pea (Cajanus cajan). Qual. Plant
Food Hum. Nutr., 34: 273-283.

Vidal-Valverde, C., J. Frias, C. Diaz-Pollan, M. Fernandez,
M. Lopez-Twado and G. Urbane, 1997. Influence
of processing on trypsin activity of faba beans
and its physiological effect. I. Agric. Food Chem.,
45: 3559-3564.

Wokoma, E.C. and G.C. Aziagba, 2001. Microbiological,
physical and nutritive changes ocourring during the
natural fermentation of African yam bean into dawa
dawa. Global J. Pure Applied Sci., 7: 219-224.

2020



	PJBS.pdf
	Page 1


