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ABSTRACT

This research work evaluated the physical, proximate composition and
functional propertiesof dehulled black Crowder Cowpea(BCC) seed flours.
The dry seeds were dehulled and processed into full fat, defatted and
proteinisolateflours. Significant differences (P<0.05) existed between the
proximate compositions of the samples (full fat flour, defatted flour and
protein isolate). The full fat and defatted flours contained 25.99 £0.07%
and 27.42+0.17% protein, 47.71 £0.36% and 50.89 +0.24% carbohydrate,
7.48+0.03% and 10.09 +0.15% crude fibre, 8.96 +0.21% and 6.43 +£0.01%
moisture, 3.81+£0.12% and 4.67 £0.01% on dry matter basis respectively.
The protein isolate showed protein content of 87.07 £0.19%; carbohy-
drate 9.13 +0.19%; and no crude fibre (0.00 £0.00%). Hence, the protein
content of the full fat, defatted and protein isolate flours varied in the
order: proteinisolate > defatted flour > full fat flour. Significant differences
(P<0.05) also existed in the Water Absorption Capacity and Emulsion Ca-
pacity of the samplestreated with temperatures ranging from 40°C to 100°C,
while the same samples given the same temperature treatment were insig-
nificantly different in their Swelling Index and Foaming Capacity. In gen-
eral, the BCC seedswere found to compare favourably with other tropical
legumes hence, it can find useful application in the food industry espe-
cialy in food supplementation and in bakery and confectionary products
aswell asin other possible applications.
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INTRODUCTION

Black Crowder Cowpea(BCC) isoneof the many
tropica speciesof thesestropica legumesor cowpeas
that areused less. Itishardly ever known or utilized a
good ded, except among localized communitiesinthe
Eastern part of Nigeriawhereit isknown as “Akidi
0jii”, “Akidienu” or “Akidiani” and eaten in different
combinationsand formswith other staplefoods.

Itisprepared in thisareaas porridgewith yam or
maize. It isalso cooked dehulled or undehulled and

madeinto aspiced paste used to eat Tapioka. Further
inquirieswouldidentify other partsof Nigeriawhereit
is consumed. With the knowledge of the profound
nutritiona benefitsand significant functiond potentias
of thesevegetabl e protein sources, speculationsarethat
cons stent research on other tropical legumeslikeBlack
Crowder Cowpea could come out with tremendous
resultsthat could greatly providelaudable choicesfor
food supplementation and diversification™.

For the purpose of thiswork, investigations are
directed tothehighly variablelocal cowpeaspeciesof
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thetropicsthat are barely recognized or used, using
Black Crowder Cowpea(Migna unguiculata) asacase
study. Thisisaimed at providing basicinformation on
the proximate and functional compositions and
propertiesof thefull-fat flour, defatted flour and protein
isolate made from the Crowder Cowpea.

MATERIALSAND METHODS

Dry seedsof Black Crowder Cowpea(BCC) used
inthisstudy weresourced fromAkwatamarket in Enugu,
Enugu state, Nigeria. Laboratory equipmentsand other
facilitiesused intheandyseswereobta ned from Centrd
Laboratory Service unit of the National Root Crops
Research Ingtitute (NRCRI), Umudike, Abia state,
Nigeria
Chemicalsreagents

Chemicalsand reagents used inthe course of this
work wereof anaytical grade (Andar). They included
sodium hydroxide (NaOH), sulphuric acid (H,SO,),
hydrochloric acid (HCl), boric acid (H,BO,), ethanal
(C,H,OH), hexane(CH,,), seleniumcrystals, methyl
red, bromocresol green, refined oliveail, etc.

Equipments

Theequipmentsand gpparatusused inthisresearch
work included the Cabolite electric oven, Authur
Thomaslaboratory mill, Satarious digital analytical
balance, general laboratory glass wares (beakers,
conical flasks, crucibles, petri dishes, desiccators, etc.),
Gallen Camp dectric mufflefurnace, Excello Kjedahl
apparatus, Colab fume chamber, retort stand, stop
watch, thermometer, Satariousdigita pH meter, Colab
electric centrifuge, manud sieve, etc.

Prepar ation of samples

The Black Crowder Cowpea (BCC) seedswere
first processedintofull fat flour and defatted flour before
the protein wasisolated to get the Protein Isolate. The
method described by Okezie and Bello was employed.
Thedry bean seedswere manually sorted to remove
stones, residual vegetative components, insect-
perforated and shriveled seeds, and other extraneous
materials. Thewholesome seedswere used.

Production of full fat BCC flour
The dry seeds of the BCC were first washed in
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cleenwater to didodgeadhering dustsand other possible
surface contaminants. Thewash water wasdiscarded
after selectively separating the seedsfromit. Theseeds
were then soaked in another clean water at 1:5 (w/v
i.e. bean weight per water volume) ratio for 24hours.
The seed coat of the BCC wasfoundto beasthick as
bread fruit’s and so was difficult to remove manually. It
was therefore removed from the soaking water and
dightly dried beforeit was dehulled using aloosaly set
manua mill asemployed inlocd bread fruit dehulling
process. The hullswere thus more easily separated.
Thedehulled seedsweredried intheoven at 30°C for
about 48hoursand milled thereafter into flour with the
laboratory mill. Theflour wasthen sieved through a
0.5mm sieveto obtainthefull fat BCCflour.

Production of defatted BCC flour

Thefull fat flour samplewassoaked overnight (about
18hours) in ethanol at 1:5 (w/v) ratio at room
temperaure. Theregfter, theextracted flour wasfiltered
from the solvent-oil medium. The defatted flour was
then air-dried for about 6hoursand pulverized beforeit
wassieved. Part of thedefatted flour wasthen set aside
for analysiswhiletherest were used for the production
of Protein Isolate.

Production of theprotein isolate

The method described by Okezieand Bello (1988)
was used in the protein isolation. About 70g of the
defatted flour was mixed with 1400ml of water toform
al1:20 (w/v) ratio of durry. The pH of the solutionwas
brought to 6.37 and the solution wasthen allowed to
settlefor 3hours. The spent residuewas separated from
thedissolved protein extract by decanting, after which
thedissolved protein was centrifuged. ThepH of the
extracted protein wasthen adjusted with dilute HCI to
itsisoel ectric point between 4.0—4.3. The precipitate
formed was afterwardsrecovered by centrifugation at
room temperatureand discardingthewhey. Theresulting
curd (Protein Isolate) was then dried under air and
cooled in desiccators before it was powdered and
Seved.

Methods

Thefeaturesof the dry seedswere determined by
themethod employed by Fashakin and Fasanya3. The
raw seedswere selected at random and examined by
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BCC dry seeds

Sorting

v
Washing

v
Socaking

L
Heat tempering

Dehulling

L
Oven-drying

Milling

Sieving

Full fat BCC flour

Figurel: Flow chart for the production of dehulled full fat
BCC flour
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subjective methodsfor shape, seed coat texture, seed
colour and eye colour. The testa was described as
smooth or rough, depending on the appearanceto the
eye. Thedegreeof attachment of thetesta (seed coat)
to the cotyledon was described as tough or loose,
depending on the ease of separation.

Seed weight

Weight of randomly sel ected hundred (100) seeds
of BCC was determined by weighing on theana ytical
ba ance. The average weight per seed was evaluated
by dividing the net weight by the number of seeds
weighed (100).

Proximatecomposition

The chemical analysesfor thefat, moisture, ash,
protein, crudefibre, and carbohydrate contentswere
performed using the procedure as outlined by the
Sandard Officid Methodsof Andysisof theAssociaion
of Officia Anaytica Chemists AOACH, Theandyses
were carried out onthefull fat flour, defatted flour and
Protein Isolatefrom BCC seedsand triplicateresults
were obtained.

BCC full fat flour

Soaking with ethanol

¥ )
Desalventizing —» Solvent + crude fat

¥
Drying of defatted slurry

L i
Pulverizing

Y
Defatted BCC flour

Figure2: Flow chart for theprocessing of full fat BCC flour
into defatted BCC flour
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Defatted BCC flour

Soaking flour with distilled water
(1:2 wfv) and thorough mixing

Decanting

Discarding Second Protein ———  Adjusting of pH to 4.8 of residue
extract and centrifuging
Protein siurry ¥ Whey
Drying Discarding of
Whey
Grirll:linp;
Sieving

Protein Isolate

Figure3: Flow chart showingtheproduction of Protein | solatefrom defatted BCC flour

Functional propertiesof flour samples
Bulk density

Thebulk density of theflour sampleswasdetermined
mimicking the method described by James¥. Separate
10 ml graduated measuring cylindersweregently filled
with 5g (W) of each of the samplesensuring that the
particles settled at the bottom. Thereafter, thevolume
(V) occupied by the sample of known weight is
recorded.

Bulk density =W/V

Where: W =weight of sampleingram(g); V =Volume
of sampleinmillilitre (ml) M easurementswerereported
asmeansof triplicate determinations.

Emulsion capacity

Themethod of Okezieand Bell0™ wasused. 1g of
theflour sampleswere blended with 10ml didtilled weter
at room temperature for 30 seconds. After complete
dispersion, 10ml of refined vegetable oil was added
and blended for another 30 s. The mixture was | ater
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trandferred into acentrifugetubeand centrifuged at 1,600
rpm for 5 min. Emulsion capacity wasca culated as.

Emulsion capacity = (EH/WH) X 100
Where EH =EmulsonHeight (Volumeof wholesolution
inthe centrifuge tube) WH =Water Height

Swellingindex

Theswdlingindex wasdetermined usngthemethod
of Okezieand Bello™. It wasdetermined astheratio of
height of aunit weight of the sampleto theheight of the
swollen sampleleft in contact with excess water for
1hour. 1g of the sample wasweighed and dispensed
into atest tube, leveled, and the height was noted. 10ml
of distilled water was added to the sampleand the test
tubewasleft to stand for Lhour. Theheight whichthe
sampl e then occupied was recorded and the swelling
capacity wascalculated as:

Swelling capacity =H2/H1
Where: H2 = Height occupied by the sample after
swelling; H1=Initia height occupied by sample

-
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Water/Oil absor ption capacity (WAC/OAC)

Themethod of determination of water/oil absorption
capacity described by Okezie and Bell ol was used.
1g of sample wasweighed and dispensed into atest
tube and 10ml of distilled water/refined vegetableail
wasadded. Thesamplewaslater mixed thoroughly and
allowed to stand for 30 min at room temperature. The
mixturewas centrifuged at 1,500 rpmfor 30 min. The
volume of free water or oil (the supernatant) was
decanted and measured. Water/oil absorption capacity
wasdetermined thus:

WAC = (Vwl1-Vw2)/massof sampleused

OAC = (Vol-Vo2)/massof sampleused

Where: WAC = Water absorption capacity; Vw1 =
Initial volume of water (10ml); Vw2 =Fina volumeof
water decanted; OAC = Qil absorption capacity Vol
=Initid volumeof ail (10ml); Vo2 =Fina volumeof oil
decanted

Triplicateresultswereobtaned for each sampleand
their mean valuesreported.

Wettability

Thiswasdetermined asthetime (in seconds) taken
by aunit weight (1g) of the sampleto get completely
wetted on asampleof distilled water in abeaker under
laboratory conditions. Thismethod was described by
Okezieand Bello!.

A 600ml capacity clean beaker was used to
measure and retain about 500ml of water. With the
aid of aretort stand, a set-up was arranged such that
aclean (dry) test tube was clamped in an inverted
position over thewater in the beaker. The clamped
position was adjusted such that thedistancefrom the
mouth of thetest tubeto the surface of thewater in
the beaker was exactly 10cm. Both thewater in the
beaker and the clamped position onthetest tubewere
marked with masking tape.

Theregfter, the marked test tube was detached and
1g of the sample was weighed into it and its mouth
covered witha(dry) thumb. It was carefully inverted
over thewater and clamped with theretort stand at the
marked spot without removing thethumb. Withthestop
watch set to read thetime, thethumb wasremoved and
thesampleallowedtofall ontothewater surfaceasthe
stop watch was put on simultaneoudly.

—==> [y|| Paper

The sampleswere observed closely and the stop
watch stopped just asthelast few sample particlesgo
wet. Thetime (in seconds) wasread fromthestop watch
and recorded asthewetting time. Thisexperiment was
repeated three times for each sample and the mean
vauesobtained.

Gelatinization Temperature

5g of the sample was suspended in a beaker
containing 20ml of water and heated while continuoudy
dirringit. Thetemperatureat whichthesuspenson gels
wasrecorded asthe gel atinization temperature.

Foaming capacity

Themethod described by Onwuka®, was adopted.
Onegram (19) of thesamplewasblended with 10ml of
ditilledwater inawarring blender for 5 minutesat room
temperature. The mixture was quickly but carefully
transferred to measuring cylinder and thefoam volume
was measured. Thevolume of foam formed wasthen
recorded and used to calcul ate the foam capacity in
percentage.

% Foaming Capacity (FC) =[(Va—Vb)/Vb]x 100
Where:'VVa=volumeafter whipping; Vb=volumebefore
whipping; A final observationismade after 15, 30, 60,
and 120 sto obtain thefoam stability (in %).

Satistical analysis

The data obtained from the experiment were
andyzed usngAnaysisof Variance(ANOVA) and the
datawereevduated for sgnificant differences (P<0.05)
in their means. Differences between means were
separated using theFisher’s Least Significant Difference
(LSD) test procedure.

RESULT AND DISCUSSION

Seed characteristics

After theexamination of thedry seeds, theresults
of thefeatureswere collected asshownin TABLE 1.
The shape was oblong and its testa (seed coat) was
black in colour, white eye-coloured, and smooth in
appearance. The seed coat was aso hard in texture
and toughinitsattachment to thecotyledon. Theweight
per 100 seeds was estimated at 14.23 +0.26 g, and
the average seed weight was 0.15+0.02 g.

———————, Natural Products
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Proximate composition

Theresults of the proximate composition of the
samplesare shownin TABLE 2. The protein isolate
flour had the highest protein content (87.07 +0.19%)
whilethefull fat flour had thelowest (25.99+0.07%).
Thisprotein value of theisolate compared favourably
with those of other legumes. Potter and Hotchkiss
recorded 86.6%, 74.6% and 64.3% total protein for
Mung bean, Chickpeaand Limabean proteinisolates
respectively. Therewas s gnificant difference (p<0.05)
in protein content among the samples. Thehigh protein
content of the proteinisolateisdueto thehydrolysis
and remova of thewater-insoluble polysaccharidesas
well as the residual water-soluble sugar and minor
constituents thus reducing these constituents in the
isolate on dry matter basis and henceincreasing the
percentage protein content. Similarly, the protein content
(25.9940.07%) of the full fat flour of the BCC seeds
was al so found to be greater than some and in close
proximity with many other legumesof itskind. Oguniji
et al.[% reported protein content of 28.17% for
Limabean, 19.94% for Bambara, and 32.24% for
Jackbean-W, and ash content of 3.06% for Jackbean-
R, 3.26% for the Bambaraand 3.58% for MucunaBI.
Theseprotein and ash contents of tropical legumeswere
so similar to that obtained for the Black Crowder
Cowpea (25.99 +£0.07%).

TABLE 1: Seed characteristics of black crowder cowpea
(BCC)

Average Testa
g Seed Testa
. attachment to
” colour characteristics
weight cotyledon

. hard in texture
Oblong shape, white and

e S

1.5+0.02g Black ey, tough inits
2105“ g;gmgh attachment to the

ap cotyledon

TABLE 2: Proximate composition of dehulled BCC full fat
flour, defatted flour and protein isolate

. Carbo . Crude
Samples Protein hydrate Fat  Moisture fibre Ash
Full fat 25.99° 47.71° 6217 8.96% 749 381°
flour +0.07 +0.36  +0.06 +0.21 +0.03  +0.12
Defatted 2742  50.89*° 6.21° 8.96% 749> 381°
flour +0.17 £024  +0.03 +0.01 +£0.15  +0.01
Protein 87.07° 9.13°  0.00° 357° 0.00° 023
Isolate +0.19 £0.19  +0.00 +0.05 +0.00  +0.05

*All values are expressed as mean + SD of their evaluation.
;The mean values along columns with different superscripts
are significantly different at p <0.05.

TABLE 3: Functional propertiesof full fat flour, defatted
flour and protein isolatemadefrom black crowder cowpea

Samples BD WAC OAC EC SWI GT FC w

Full 168 243 189 6206 151 7850 20.50 30.67
fatflour +0.02 +0.05 +0.04 +0.94 +0.02 +041 +035 =+1.25
Defatted 136 253 149 67.00 171 7650 255 63.67
flour +0.02 +0.05 =£0.04 +0.82 £0.03 +0.41 =+047 =£3.30
Protein 008 326 262 6206 161 76.70 47.68 40.00
Isolate +0.00 +0.05 +0.04 +0.47 +0.12 +£0.47 £1.02 +1.63

*All values are expressed as mean + SD of their evaluations;
Where:BD = Bulk density (g/cm®); WAC = Water absorption
capacity (ml/g); OAC = Oil absorption capacity (ml/g); EC =
Emulsion capacity (%); SWI = Swelling Index (g/cm); GT =
Gelling temperature (°C); FC = Foaming capacity (%);
Wettability = (sec)

Legumes and cereals are the best sources of the
water-solublefibres Fbres(Pectin, hemicdlulose, lignin,
etc.) helptolower serum cholesterol level sin humans.
Thecrudefibrecontent of full fat BCCflour wasandysed
as7.49+0.03%, while the defatted flour gave a fibre
content of 10.09+0.15%. These values suggest high
fibre content inthefloursfrom thedehulled seeds.

In addition, the ash contents of the flours and
proteinisolate wasfound to beintheorder: defatted
flour > full fat flour > proteinisolate (see TABLE 2).
Moisture contentsof 8.96+0.21%, 6.43 +£0.01% and
3.57+0.05% were also gotten for the full fat, defatted
and protein isolate floursrespectively. Carbohydrate
content of the samplesrangesfrom 9.13% to about
50.89% with the defatted flour havingthe highest vaue,
whilethevauefor theproteinisolate (9.13+0.19%)
wastheleast. Black Crowder Cowpeaisnot an oil-
bearing seed. As a result, it contains quite little
proportion of fat. Thefat content was 6.21+0.06%
for thefull fat and 0.50+0.03% for the defatted flour.
About nofat wasrecorded intheproteinisolate. These
vauesweresgnificantly different (P<0.05) fromeach
other.

Functional propertiesof flour

TABLE 3 showsresultsof thefunctiond properties
of thefull fat flour, defatted flour and proteinisolate.
Tahaand Ibrahim® stated that bulk density, BD (stated
asg/ml or g/cmd) isanimportant factor sinceit hdpsin
choosing the appropriate packaging units. Bulk density
of theBCC proteinisolate (0.08 g/cm?) was observed
to belower than those of theisolate of other legumes
likeAfrican Yam Beanisolate (BD = 0.62 g/cm®) and
soy beanisolate (0.43 g/cm?).
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CONCLUSION

From theaboveresultsobtained fromthe anayses,
it was concluded that full fat and defatted floursaswell
as the protein isolate of dehulled Black Crowder
Cowpea have significant proximate and functional
potential sthat are better or favourably comparablewith
those of some other legumesthat are morefrequently
recognized and utilized. Thehigh protein content and
foaming capacity suggeststhat it canfind gpplicationin
thefoodindustry epecidly infood supplementationand
asafunctiona ingredientin somefood products.
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