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ABSTRACT

Protein-rich cowpeagrain iswidely consumed in Nigeriawhereit is com-
monly known as “beans” with different varietal names. Composition of
seed variety and the identification of itsfunctional properties are essential
in determining uses for cowpea flours in food formulation. This study
characterized three lesser known varieties of brown cowpeagrain grownin
different regionsin Nigeriabased on their physical and functional proper-
ties. Three brown cowpea (white-eyed, firmly attached testa) varietiesnamely
Akidi, Akidi Elu and Nkoti Iwang (26.02%, 25.46% and 24.90% protein,
respectively) were assessed using standard methods. Swelling index of the
flour was obtained as a ratio of volume occupied by sample after and
before swelling. Water and oil absorption capacities of the flour were mea-
sured and result was expressed as g oil or water absorbed/g sample. Re-
sults show that average seed weight of Akidi Elu (0.12g) was higher than
that of Akidi (0.10g) and Nkoti Iwang (0.11g). Bulk density, water absorp-
tion, oil absorption, swelling index and viscosity of the three cowpeaflour
fractions were significantly affected by their location (P<0.05). Bulk den-
sity ranged from 0.63 to 0.80 g¢/mL with Akidi Elu and Nkoti wang having
higher valuesthan Akidi. Water absorption of Akidi Elu (1.95 g H,0/g) and
Akidi (2.00 g H,0/g) were statitically different from that of Nkoti Iwang
(1.42 gH,0/g) flour. Brown cowpeaflour canfind applicationinfood supple-
mentation and as functional ingredient in various formul ated foods.
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INTRODUCTION

Cowpeas (Vigna unguiculata) are one of the
staplefoodsinthedietsof most Africansand can serve
as an important source of proteins, calories and in-
come®. Itshigh protein content makesit animportant
ingredientinthediet of popul ation groupsof many tropi-
cal and sub-tropical countried3?%, |tsproteins make

good complement for grain proteinssuch asriceand
starchy foodslike cassavaand plantain™Y; and could
be substituted or blended with wheat flour to produce
bread, |eavened dough and cookiesthat are of accept-
ablequdities®™. CowpeavarigtiesnamdyAkidi, Akidi
Eluand Nkoti lwang among othersarecommon in Ni-
geria. Akidi and Akidi Elu are mostly consumed by
peoplefrom eastern Nigeriawhile NKkoti Iwangispre-
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dominant insouthern Nigeria.

Planting of Akidi and Akidi Elu seedsisbetween
April and Junewhile Nkoti Iwang seeds are planted
between February and March; and harvesting starts
about 5-6 monthsafter planting. Theseedsareremoved
fromthepodsafter allowingittodryinfield or may be
eaten whenthey aretill green. Thesecowpeavarieties
(Akidi, Akidi Elu, Nkoti Iwang) are consumed by re-
moving its seedsfrom the pods and eaten as pottage,
used asadelicacy with sliced African oil bean seeds
(called “ugba”) or with boiled cassava (termed “edita
iwa”) and eaten with other starchy foods like plantains.
Furthermore, they can be eaten with fresh corns or
diced cassavacalled “Abacha”. Therefore the objec-
tiveof thisstudy wasto investigate the physical and
functional propertiesof thelesser known varieties of
brown cowpeasgrownin eastern Nigeria.

MATERIALSAND METHODS

Materialsand samplepreparation

Threevarieties(Akidi, Akidi Elu, Nkoti Iwang) of
cowpeas used in this study were obtained from local
markets in Southeastern Nigeria. The seeds were
cleaned and soaked separately intap water (Akidi Elu
and Akidi for 16hrs; Nkoti Iwang for 18hrs) to facili-
tatetheremova of hullsfrom seeds. After dehulling; the
seedswere sun-dried, ground, sieved through adouble
layer Mudlim cloth to obtain flour and stored inadry,
ar tight plastic container for further andysis.

Physical property analysis
Seed characteristics

The seed characteristicswere determined fol low-
ingtheprocedure of Fashakin and Fasangd®®. Theraw
seedswererandomly selected from each variety and
examined by subjective methodsfor shape, testatex-
ture, seed color, eye color and testaattachment to the
cotyledon. Thedegree of attachment was described as
loose or firm depending on theres stance of thetestato
pedingusingfingersafter soaking. Thetexturewasde-
scribed as smooth or wrinkle depending on how the
seed appearsto the eye.

Seed sizeand weight
Thesize of seed wasdimensionally characterized
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by measuring each of ten randomly picked seedsfor
their length (L), width (W) and thickness (T) inmm
usingavernier caliper of about 0.001mm precision“?,
Theaverage seed sizewas cal cul ated.

Weight of 100 seedsrandomly selected was deter-
mined by weighing®. Theaverage seed weight wascd-
culated.

Deter mination of proximate composition of the
brown cowpeavarieties

M oisture content of the sampleswas determined
by drying at 105°C for 3hrsusing®. Ash content was
determined using Gallenkamp mufflefurnace, En-
gland®. Fat was determined in the soxhl et appara-
tug® using petroleum ether asthe solvent of extrac-
tion. The macro Kjeldahl procedure based on the
AOAC method was used for nitrogen and the protein
content g sampleswas calculated using 6.25 asthe
conversion factor. Crude fibrewas by AOAC!® and
carbohydrate was by difference.

Evaluation of thefunctional propertiesof cowpea
flour samples

Water and oil absor ption capacity

Theoil and water absorption capacitiesof cowpea
seeds were determined as described by Carcea
Benecini®. Onegram cowpeaflour samplewasstirred
in 10ml of distilled water/oil for 1min by manua shak-
ing. The mixture wasthen allowed to stand at room
temperaturefor 30min and centrifuged at 1,500rpm for
30min. Thesupernatant was decanted and thevolume
inthemeasuring cylinder was noted and converted to
weight (in grams) by multiplying by the density of ail
(0.902g/ml) or water (1g/ml). Theoil/water absorption
capacities were expressed as grams of oil/water ab-
sorbed per gram of flour sample.

Emulsion and foaming capacity

The procedure of Beuchat et al. (1975) asmodi-
fied by Eke(2002) wasused. Two gramsof flour ssmple
and 75ml of ditilled water wereblended for 30susing
amagnetic stirrer. After compl ete dispersion, deodor-
ized vegetableoil was added continuously through a
burette until emulsion breakpoint, separationinto two
layers was reached. The emulsion capacity was ex-
pressed asmL of oil emulsified per g of flour.

Emulsion capacity =Vol. (mL) of cil + g of sample
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Thefoaming capacity of flour sampleswas deter-
mined according to Onwukd?®. Two gramsof samples
wasblended with 100 mL distilled water inan eectric
blender for 30min. Themixturewastransferredinto a
250 mL measuring cylinder and thevolume after 30s
was recorded. The foam capacity was expressed as
percent increasein volume us ng theformulaof Abbey
and |beh! asreported by Onwuka®?,

Foam capacity = (Vol. after whipping— Vol. before whipping) -+
Vol. beforewhipping x 100

Swellingindex and bulk density

The method of Abbey and Ibeh™ was empl oyed.
Onegram of theflour sampleswereweighed into 10ml
graduation measuring cylinder. Exactly 5mL ditilled
water was carefully added and the volume occupied by
the samplerecorded. The samplewasallowed to stand
and disperseinwater for 1hr andthevolumewasagan
recorded. Theswelingindex wasca cul ated asratio of
volume occupied after swelling.

Swelling Index =Vol. occupied by sampleafter swelling+Vol.
occupied by samplebeforeswelling

The method of Onwuka®? wasfollowed. A 10ml
graduated measuring cylinder wasweighed and filled
gently with theflour samples. Thebottom of thecylin-
der wastapped gently on laboratory bench severa times
until therewasno further diminution of the sampleleve
after fillingtothe 10ml mark. Thebulk density wascd-
culated as:

Bulk Density (g/ml) = Weight of samples (g) + Volume of
sample(mL)
Gelling capacity and viscosity

The gelation capacity of cowpeaflour was deter-
mined according to the method of Onwuka?®?. Sample
suspensions 2-20% (w/v) were prepared in 5ml dis-
tilled water intest tubes. Thetest tubes containing these
suspensionswere heated for 1hr in aboiling water
bath, followed by rapid cooling under running cold
tap water and the test tubes were further cooled for
2hrsat 4°C. The gelation capacity was determine as
theleast gelation concentration determined asthe con-
centration whenthesamplefromtheinverted test tubes
didnot fal or dip.

Apparent viscosity of theflour samplewas deter-
mined by blending 10g of flour samplein 300ml of
distilled water using amixer. Theviscosity wasdeter-
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mined by method of comparison at a constant tem-
perature (25°C) using an Ostwald viscometer and the
viscosity reading recorded in centipoises asthe aver-
age of threereadings™?.

Satistical analysis

All analyseswere carried out intriplicate. Vaues
from proximate composition and functional properties
were statistically analysed using analysis of variance
(ANOVA) procedureto determinethe significance of
the factor means according to Steel and Torrie®d. In
thetestswhere the variance ratios (F values) proved
significant, Fisher’s least significant difference (LSD)
procedure’®” was used to separate the factor means.

RESULTSAND DISCUSSIONS

Physical characteristics

The physical propertiesdatafor cowpeaflour vari-
eliesarepresented in TABLE 1. All thethreeseed va
rieties are brown in color with white eye. The seeds
weredlightly different in testatexture; Akidi Eluand
Nkoti lwang had wrinkled tesawhileAkidi had smooth
testabut dl werefirmly attached to the cotyledon. The
average seed weight of thethreevarietieswas0.10 -
0.12g and the valueswerelow when compared to the
weight 0.13 - 0.22g reported by Marconi et a1, Also,
thedimension of the seedsvaried among varieties, the
seed lengthranged from 8.9t0 9.7 mm, widthfrom 5.4
t0 6.3 mmand thicknesswasfrom 3.9t04.3mm. These
resultsweresimilar tothereports of Purseglove® who
found that cowpeaseedsvary insize, color, length (2 -
12 mm), testatexture (smooth or wrinkled) and hilum
white eye surrounded by brown seed coat; and Maia
et a.[”® who reported length of 6.7 - 11.2 mm and
width of 5.3- 8.2 mm for cowpeaseed varieties.

TABLE 1: Physical characteristicsof threecowpea seed va-
rietiesgrownin Nigeria

Cowpea seed Akidi  Akidi glu Kot
varieties |wang
Seed color Brown Brown brown
Eye color White White White
Testatexture Smooth Wrinkle Wrinkle
Testaattachment to Firm Firm Firm
cotyledon

Seed size (LXxWxT); mm  9.7x6.3x4.1 8.9x5.4x4.3 9.4x6.1x3.9
Mean seed weight (g) 0.10+£0.01 0.12+0.01 0.11+0.01
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Proximate composition

The proximate compaosition of flour fractionsfrom
thethreecowpeavarietiesare presented in TABLE 2.
Thethreevarietieshad nutrient composition va uesthat
varied in moisture 12.7-13.2%, protein 24.9- 26.0%,
ether extract 1.9-2.2%, ash 2.5-2.6%, fiber 2.6-2.8%
and carbohydrate 53.9-54.7%. The moisture content
of Akidi Elu (13.1%) and Nkoti lwang (13.2%) flour
was higher (P<0.5) than that of Akidi (12.7%). How-
ever, the finding supported the result of Fisher and
Bender (1985) who reported values of 10-13% mois-
turefor cowpeaspecies. The moi sture content of flour
fractionsinthisstudy was desirable becauseflour with
moi sture content higher than 14% are susceptiblefor
bacteria activity and mold growthwhichwill resultin
spoilage and development of hydrolytic rancidity™.

Theprotein content varied (p<0.05) anong thethree
varigtieswith highest value obtained for Akidi (26.0%)
while Nkoti lwang had the lowest value (24.9%). This
was in agreement with the report of Chavan et a.
who stated protein content of 18.3-35.0% for cow-
peas. Thethreevarieties had good protein content but
not ashigh asthe protein content of soybeanwhichis
about 40%4“?. Theether extract content of the variet-
iesranged from 1.93 to 2.18% which corroboratesthe
report of Davidson et a.*% who stated ether extract
valuesof 1.9-2.5% on dry matter basis. Akidi had the
least fat content which compared well with thevaues
reported by Enwere and Holland et a.*. Theval-
uesof thisstudy are very acceptabl e because cowpeas
areknownfor itslow fat content.

The fiber content of the flour fractionswasin
agreement with that of Enwere*¥ who reported that
cowpesas contain 1.5to0 4% crudefiber. Fiberisknown
to have beneficial effect on metabolismin the gas-
trointestinal tract (e.g., lowersfeca trangttime, eimi-
natestoxicantsby binding them). Theash content did
not vary among varieties but the datawas similar to
thevalue 2.5-4.9% reported by Chavan et a.[®. The
carbohydrate (CHO) content of the varietieswas not
affected by locationsbut theva ueswerelow and com-
pared well with thereport of Edeogu et al.[*2 which
reported CHO content of 51.0-63.5%. Thesevalues
of thisstudy were desirable because CHOs are good
sourcesof calories.
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TABLE 2: Mean valuesfor proximatecomposition of cowpea
seed varieties

Cowpea seed varieties
Akidi Akidi Elu  Nkoti lwang
Moisture content  12.65+0.05° 13.06+0.02° 13.20+0.10%

Component (%)

Protein 26.02+0.45% 25.46+0.15° 24.90+0.10°
Ether extract 1.93+0.03° 2.18+0.03% 2.12+0.03°
Fiber 2.75£0.05% 2.80+0.018% 2.55+0.05%
Ash content 2.56£0.01% 2.60+0.29° 2.51+0.01%

Carbohydrate*  54.09+0.49% 53.90+0.85% 54.72+0.26%

*By difference; **Mean values with the same superscript be-
tween rows are statistically equal at p = 0.05

Functional propertiesof floursfrom threecowpea
seed varieties
Water and oil absor ption capacity

Thefunctional characteristicsdataof floursfrom
cowpeaseed varietiesarereported in TABLE 3. Re-
sult showed that Akidi (2.0 g/g) and Akidi Elu (2.0g/g)
flour fractions had higher (p<0.05) water absorption
capacity (WAC) than Nkoti Iwang (1.4 g/g). WAC rep-
resentsthe ability of theflour to associate with water,
animportant characteristicin baked productssuch as
dough and pastes. Lin and Zayas?? reported similar
WAC of 1.9-2.2 mL/gfor cowpeas. It ispossiblethat
thehigh protein content of Akidi and Akidi Elu contrib-
uted to the higher WA C va ues obtained for these vari-
eties. Thehigher protein content enablestheseflour frac-
tionsto bind more water dueto their ability to form
hydrogen bondswithwater moleculesand polar groups
on the polypeptide chaing*®. Earlier study by Wolfi4
showed that this property enabled bakersto add more
water to dough toimprove handling characteristicsand
maintai n freshnessin the bread and other baked prod-
ucts. Thefindingsof thisstudy suggest that Akidi, Akidi
Eluand Nkoti lwang flourswould be useful functional
ingredient in baked products.

Thedatapresented in TABLE 3indicated that there
was significant difference (p<0.05) in oil absorption
capacity (OAC) of flour fractionsfromthethreevari-
eties(Akidi: 0.9 g/g; Akidi Elu: 0.9 g/g; NKkoti lwang:
1.59/g). These OAC valueswerelower than those
reported by Suliman et a.¥ on lentil cultivars (1.9-
2.0g/g). Theability of proteinsto bind fat isimportant
since fat acts as flavor retainer and increases the
mouthfed of foods*®. Nkoti Iwang flour fraction had
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the highest OA C whichwould be useful in ground mest
formul ations such as sausages. Atuobi et al [ reported
variaionsinfunctiona propertiesof starchesfromfour
cowpeavarieties

TABLE 3: Mean valuesfor functional propertiesof cowpea
seed varieties

Cowpea seed varieties Akidi  Akidi Elu Nkoti lwang
Water absorption capacity 2.00+0.05% 1.95+0.23% 1.42+0.10°
(g H,O/g flour)

Oil absorption capacity ~ 0.90+0.01% 0.89+0.15° 1.47+0.29°
(g ail/gflour)

Swellingindex (mL/g)  2.02+0.07% 2.30:0.02° 1.85+0.06°
Emulsion capacity (mL/g) 3.53+0.08% 3.50£0.16* 3.30+0.05%
Bulk density (%) 0.63+0.01% 0.80+0.01°  0.67+0.02°
Gelation capacity (%) 6.00° 6.00° 5.00°
Foaming capacity (%) 39.00% 38.00% 41.00°
Viscosity (cps) 3.09+0.15% 3.20+0.02° 3.14+0.15°

&M eans with different superscript between columns are sig-
nificantly different (P<0.05)

Emulsion and foaming capacity

Theresult presented in TABLE 3 showed no vari-
etal effect onthe emulsion capacity of thethree cow-
peavarieties (3.3-3.5mL/g). Similar data (2.2-10.6
mL oil/g sample) for cowpeaflourswasreported by
Nw0ji?l. Theemulsion capacity of theseflourswould
be attributed to the proteinin the flour. The value of
Akidi flour suggeststhat more protein moleculesmoved
to theinterface and absorb more water/oil duetoits
high protein content than other varieties.

Thefoam capacity of theflours 38-41% showed
no differenceamong the cowpeavarieties(Akidi, Akidi
Elu, Nkoti Iwang). Thisdatacompared well withfoam
capacity values (28-110%) reported for processed
groundnut flourg?. Good foam capacity values mea-
sured for Akidi, Akidi Eluand Nkoti Iwang flour frac-
tionsmakethem useful ingredient asaerating agentsin
food systemssuch aswhipped toppings, icecream mixes
and favorite cowpeaproducts(caled ‘akara’ and ‘moi-
moi’ in Nigeria). These products require the produc-
tion stable high foam volumeswhen whipped?.,

Gelling capacity and viscosity

Thegelation concentration of Akidi Eluand Akidi
flourswas 6% (w/v) whilethat of Nkoti Iwang flour
was 5% (w/v). Thiswassimilar to thevalue (6%) re-
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ported for processed groundnut?. Thelow gelling con-
centration obtainedinthisstudy indicated that gelation
isnot only dependent onthe quantity of proteininthe
flour but may berelated to the 1) type of protein, 2)
non-protein components, and 3) protein solubility. A
similar conclusion wasreached by Satheand Salunkhe
(1981) in their study on great northern bean. There-
fore, cowpeaflours could be used as athickener in
food formulations.

Gd formation of cowpeamacromolecules(eg., car-
bohydrates, proteins) occursby theformetion of athree-
dimensiona network of macromolecules, interactions
through atractive forcesbetween moleculesand mainly
through hydrogen bonding with water molecules’®.
During heat treetment (e.g., cooking, baking) thereisa
withdrawa of moisturefrom surrounding matrix which
hydratesthe carbohydrate or protein molecul es. Ex-
pans on of macromolecules(viamolecular interaction)
causesafirmer gel to form during cooking’®. Thegel
structure contributesto the textureand actsasamatrix
for holdingwater aswell asfat and other components™™.
The gelation capacity of 2% each was reported for
starch from four cowpeavarieties, indicating their pu-
rityt”. Thegelation capacity obtained inthisstudy was
5-6%, anindication of mixtureof macromoleculessuch
as carbohydratesand proteins.

Floursfromthethree cowpeavarietieshad viscos-
ity values of 3.09-3.20 cpsat 25°C. Theresult com-
pared well with thereport of Ragab et al.*9. Cowpea
flour fractionsof thisstudy could serveasprotein supple-
ment in humandiet and asfunctiona ingredient invari-
ousfood formulations.

Swellingindex and bulk density

Theswellingindex (1.85-2.30 mL/g) of thethree
cowpeaflour fractions supported thevalues 1.1-3.0
mL/g reported by Nwoji for cowpeaflours. Swell-
ing ability providesevidence of non-covaent bonding
between protein and water molecules. Itispossiblethat
higher swellingindex valuesindicate better flour per-
formance/handling and yield in baked products.

Akidi Elu, Akidi and Nkoti Iwang flour fractions
had bulk density valuesof 0.80 g/mL, 0.63 g¢/mL and
0.67 g/mL, respectively. Akidi Elu flour had higher
(p<0.05) valuesthanAkidi and Nkoti Iwang (TABLE
3). Thevaueswerelow compared to bulk density (1.4
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g/mL) of varietiesreported by Suliman et a9,

CONCLUSIONAND SIGNIFICANCE

Cowpeavarietiesgrownin eastern Nigeria(Akidi;
Akidi Elu) were higher in protein content (26.0%;
25.5%) than the protein content (24.9%) of the variety
growninsouthern Nigeria(NKI1). Thisfinding makesit
probablethat plantinglocation affectsthenutrient com-
position of beans. Akidi Elu had higher functiond prop-
erties such aswater absorption capacity, swellingin-
dex, bulk density and viscosity whileNkoti lwang had
the highest oil absorption capacity value. Thethree
brown cowpeaflour fractionshavegood functional at-
tributes and can be used asfunctional ingredientsin
compositeflour and baked products.
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