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ABSTRACT

This study evaluated the effect of pH and temperature on the functional
properties of dehulled Black Crowder Cowpea (BCC) seed flours. Thedry
seeds were soaked, dehulled and processed into full fat, defatted and
protein isolates flours. The functional properties of the flours studied
included the Water Absorption Capacity, Emulsion Capacity, Swelling In-
dex and Foaming Capacity. Significant differences (P<0.05) existed in the
Water Absorption Capacity and Emulsion Capacity of the samplestreated
with temperatures ranging from 40°C to 100°C, while the same samples
given the sametemperature treatment wereinsignificantly differentin their
Swelling Index and Foaming Capacity. However, the samples, when their
pH were adjusted to arange of 4.5 to 14, showed no significant differences
(P<0.05) intheir Water Absorption Capacity, Swelling Index and Foaming
Capacity. In general, the BCC seeds were found to compare favourably
with other tropical legumes hence, it can find useful application in the
food industry especialy in food supplementation and in bakery and
confectionary products as well as in 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 is also cooked dehulled or undehulled and

madeinto aspiced paste used to eat Tapioka. Further
inquirieswouldidentify other partsof Nigeriawhereit
isconsumed. With the knowl edge of the profound nu-
tritiona benefitsand significant functiona potentia sof
these vegetabl e protein sources, speculations are that
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, investigationsaredi-
rected to the highly variable local cowpea species of
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thetropicsthat are barely recognized or used, using
Black Crowder Cowpea(Migna unguiculata) asacase
study. Thisparticular work isaimed at providing infor-
mation on the effect of temperatureand pH variations
onthefunctional compositionsof thefull-fat flour, de-
fatted flour and protein isolate made from the Black
Crowder Cowpea.

MATERIALSAND METHODS

Dry seedsof Black Crowder Cowpea(BCC) used
inthisstudy weresourced fromAkwatamarket in Enugu,
Enugu state, Nigeria. Laboratory equipmentsand other
facilitiesused inthe analyseswereobta ned from Cen-
tral Laboratory Serviceunit of theNationa Root Crops
Research Ingtitute (NRCRI), Umudike, Abiastate, Ni-
geia
Chemicalsand reagents

Chemicasand reagents used in the course of this
work wereof anaytical grade (Andar). They included
Sodium hydroxide (NaOH), Sulphuric acid
(H2S04---), Hydrochloric acid (HCI), Boric acid
(H,BO,), Ethanol (C2H50H), Hexane (C6H14), Se-
lenium crystals, Methyl red, Bromocresol green, refined
oliveail, etc.

Equipments

Theequipmentsand gpparatusused inthisresearch
work included the Cabolite e ectric oven, Authur Tho-
meas|aboratory mill, Satariousdigita anaytica baance,
generd laboratory glasswares (beakers, conicd flasks,
crucibles, Petri dishes, desiccators, etc.), Galen Camp
electric muffle furnace, Excello Kjedahl apparatus,
Colab fume chamber, retort stand, stop watch, ther-
mometer, Satariousdigital pH meter, Colab electric
centrifuge, manua Seve, etc.

Methods

Thefeatures of the dry seedswere determined by
the method empl oyed by Fashakin and Fasanya. The
raw seedswere selected at random and examined by
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 astough or |oose, de-
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pending on the ease of separation.
Seed weight

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

Prepar ation of samples

The Black Crowder Cowpea (BCC) seedswere
first processed intofull fat flour and defatted flour be-
forethe protein wasisolated to get the Protein |sol ate.
The method described by Okezie and Bello wasem-
ployed. Thedry bean seedswere manually sorted to
removestones, residua vegetative components, insect-
perforated and shrivelled seeds, and other extraneous
materias. Thewhol esome seedswere used.

Production of full fat BCC flour

The dry seeds of the BCC werefirst washed in
clean water to dis odge adhering dustsand other pos-
sible surface contaminants. Thewash water wasdis-
carded after selectively separating the seedsfromiit.
The seedswerethen soaked in another clean water at
1:5 (w/v i.e. bean weight per water volume) ratio for
24hours. The seed coat of theBCC wasfoundtobeas
thick and adhering asbread fruit’s and so was difficult
to remove manually. The soaked seed wastherefore
removed from the soaking water and dightly dried be-
foreit wasdehulled using aloosaly set manua mill as
employed inloca bread fruit dehulling process. The
hullswerethus more easily separated. Thedehulled
seedsweredried intheoven at 30°C for about 48hours
and milled theresfter intoflour with thelaboratory mill.
Theflour wasthen sieved through a0.5mm sieveto
obtainthefull fat BCCflour.

Production of defatted BCC flour

Thefull fat flour samplewassoaked overnight (about
18hours) in ethanoal at 1.5 (w/v) ratio a room tempera:
ture. Thereafter, the extracted flour wasfiltered from
thesolvent-oil medium. Thedefatted flour wasthenair-
dried for about 6hours and pulverized before it was
seved. Part of the defatted flour wasthen set asidefor
anaysiswhiletherest were used for the production of
Protein|solate.
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Figurel: Flow chart for the production of dehulled full fat
BCC flour
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Production of theprotein isolate

The method described by Okezieand Bello (1988)
was used inthe proteinisolation. About 70g of thede-
fatted flour wasmixed with 1400ml of water toforma
1:20 (w/v) ratio of slurry. The pH of the solution was
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 proteinwasthen adjusted with dilute HCI to
itsisoel ectric point between 4.0—4.3. The precipitate
formed was afterwardsrecovered by centrifugation at
room temperature and discarding thewhey. Theresult-
ing curd (Protein |solate) wasthen dried under air and
cooled in desiccators before it was powdered and
Seved.

BCC full fat flour

Soaking with ethanol

i

Desolventizing — Solvent + crude fat

|

Drying of defatted slurry

Pulverizing

l

Defatted BCC flour

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

Functional propertiesof flour samples
Bulk density

Thebulk density of the flour sampleswas deter-
mined mimicking the method described by James?.
Separate 10 ml graduated measuring cylinderswere
gently filled with 5g (W) of each of the samplesensur-
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ing that the particles settled at the bottom. Theregfter,
thevolume (V) occupied by thesampleof knownwe ght
isrecorded.
Bulk density =W/V
Where: W =weight of sampleingram(g); V =Volume
of sampleinmillilitre(ml)

M easurements were reported as means of tripli-
catedeterminations.

Emulsion capacity

Themethod of Okezieand Bell0™ wasused. 1g of
theflour sampleswere blended with 10ml distilled wa-
ter at room temperature for 30 seconds. After com-

plete dispersion, 10ml of refined vegetable oil was
added and blended for another 30 s. Themixturewas

later transferred into acentrifuge tube and centrifuged
at 1,600 rpmfor 5 min. Emulsion capacity was calcu-
lated as:
Emulsion capacity = (EH/WH) X 100
Where: EH = Emulsion Height (Volume of whole solu-
tioninthecentrifugetube); WH =Water Height
Swellingindex

Theswdlingindex wasdetermined usngthemethod
of Okezieand Bello!”. It was determined astheratio of
height of aunit weight of the sampleto theheight of the
swollen sampleleft in contact with excesswater 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

Defatted BCC flour

l

Soaking flour with distilled water
(1:2 w/v) and thorough mixing

Decanting

,

Discarding

y

Second Protein
extract

l

»  Adjusting of pH to 4.8 of residue

and centrifuging
Protein slurry 1 Whey

Drying

Discarding of whey

Grinding

l

Sieving

Protein Isolate

Figure3: Flow chart showing theproduction of Protein | solatefrom defatted BCC flour
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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 =He ght occupied by thesampl e after sell-
ing; H1=Initia height occupied by sample
Water/Oil absor ption capacity (WAC/OAC)

Themethod of determination of water/oil absorp-
tion capacity described by Okezieand Bdlo” wasused.
1g of sample wasweighed and dispensed into atest
tubeand 10ml of distilled water/refined vegetable ail
wasadded. Thesamplewas|ater mixed thoroughly and
allowed to stand for 30 min at room temperature. The
mixturewas centrifuged at 1,500 rpmfor 30 min. The
volume of freewater or oil (the supernatant) was de-
canted 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 volumeof water (10ml); Vw2 =Fina volumeof
water decanted; OA C = 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
Okezie and 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 a clean (dry) test tube was clamped in an
inverted position over the water in the beaker. The
clamped position was adjusted such that the distance
from the mouth of the test tube to the surface of the
water inthe beaker was exactly 10cm. Both thewater
inthe beaker and the clamped position onthetest tube
were marked with masking tape.

Thereafter, themarked test tube was detached and
19 of thesamplewasweighedintoit and itsmouth cov-
ered with a(dry) thumb. It wascarefully inverted over

—==> [ul| Paper

the water and clamped with the retort stand at the
marked spot without removing the thumb. Withthestop
watch set to read thetime, thethumb wasremoved and
thesampleallowedtofall ontothewater surfaceasthe
stop watch was put on simultaneoudly.

The sampleswere observed closely and the stop
watch stopped just asthelast few sampleparticlesgot
wet. Thetime (in seconds) wasread fromthestopwatch
and recorded asthewetting time. Thisexperiment was
repeated threetimesfor each sampleandthemeanva-
ues obtained.

Gelatinization temperature

5g of the sampl e was suspended in abeaker con-
taining 20ml of water and heated while continuously
dirringit. Thetemperature at whichthesuspenson gels
wasrecorded asthe gel atinization temperature.
Foaming capacity

Themethod described by Onwuka®, was adopted.
Onegram (1g) of the samplewasblended with 10ml of
digtilledwater inawarring blender for 5 minutesat room
temperature. Themixturewasquickly but carefully trans-
ferred to measuring cylinder and thefoam volumewas
measured. Thevolumeof foam formed wasthen recorded
and used to calculatethefoam capacity in percentage.
% Foaming Capacity (FC) =[(Va—Vb)/Vb]x 100
Where: Va=volumeafter whipping; Vb =volumebe-
forewhipping

A final observationis made after 15, 30, 60, and
120 sto obtainthefoam stability (in %).

Satistical analysis

Thedataobtai ned from the experiment were ana-
lyzed usngAnadysisof Variance (ANOVA) and thedata
wereeva uated for significant differences (P<0.05) in
their means. Differences between meanswere sepa-
rated using the Fisher’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
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black in colour, white eye-coloured, and smoothin ap-
pearance. The seed coat was aso hard in textureand
tough initsattachment to the cotyledon. Theweight per
100 seeds was estimated at 15.23 +0.26 g, and the
average seed weight was 0.15+0.02 g.

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

Average Seed Testa Testa
: - Attachment
seed weight  colour characteristics
to cotyledon
Oblong shape, white eye, ?:Jdﬁr;ﬁ)t(;ure and
0.15+0.02g Black mostly smooth attag(]:hment to
In gppearance the cotyledon

Functional propertiesof flour

TABLE 2 showsresultsof thefunctional proper-
tiesof thefull fat flour, defatted flour and proteiniso-
late. Tahaand Ibrahim (2002) stated that bulk density,
BD (stated asg/ml or g/cmd) isanimportant factor since
it helpsin choosing the appropriate packaging units.
Bulk density of the BCC proteinisolate (0.08 g/cmq)
was observed to be lower than those of theisolate of
other legumeslikeAfrican Yam Beanisolaie(BD =0.62
g/cmd) and soy beanisolate (0.43 g/cm?).

TABLE 2: Functional propertiesof full fat flour, defatted
flour and protein isolatemadefrom black crowder cowpea

Samples BD WAC OAC EC Swl GT FC W

Full fat 168 243 189 6206 151 7850 20.50 30.67
flour +0.02 +0.05 +0.04 +0.94 +0.02 +0.41 =*0.35 =£1.25
Defatted 1.36 253 149 6700 171 7650 255 63.67
flour +0.02 +0.05 +0.04 =+0.82 +0.03 +0.41 =£0.47 =+£3.30
Protein 008 326 262 6206 161 76.70 47.68 40.00
Isolate +0.00 +0.05 +0.04 +0.47 +£1.61 +047 +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 (%); W =
Wettability = (sec); SD = Sandard deviation

A 40°Cto 100°C rangetemperaturevariationina
liquid medium produced adecreasein the Foaming Ca
pacity (FC) and Water Absorption Capacity (WAC)
but anincreasein the Swelling Index (SWI) and Emul-
sion Capacity (EC) of the samplesrespectively (see
TABLESS3.1A,3.2A, 3.3Aand 3.4A). Significant dif-
ferences (P<0.05) wereobtained in theresultsof each
of someof the above functional propertiestreatedto
thetemperaturerange (40— 100°C). Thesedifferences
(P<0.05) wereobserved in the Water Absorption ca-
pacity (WAC) and Emulsion capacity (EC) of thethree
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samples. However, the sametemperaturetreatment on
thesamplesproduceding gnificant differences (P<0.05)
intheir Swelling Index and Foaming Capacity. These
functional propertiesof the sampleswereobtained in
the order WA C: Protein Isolate> Defatted flour > Fulll
fat flour; OAC and FC: Isolate> Full fat flour > Defat-
ted flour; EC: Defatted flour > Full fat flour = Protein
Isolate. Gelling property isknownto beimportant in
comminuted sausage products and isthe basisof many
Oriental textured food e.g. tofu. Thevalueswereabout
78.50°C, 76.50°C and 76.70°C for the full fat flour,
defatted fat flour and Protein | solaterespectively.
Circleetd. (1972) pointed out that the oil binding
capacity of protein materiasisimportant factor that de-

TABLE 3.1A: Effect of temperatureon foaming capacity

FC Affected By Temperature Variations (%)

Samples

40°C 60°C 80°C 100°C Total Mean+SD
Full-fat 1619 1321 283 0.00 3223 8.06+6.7996
Defatted 2.38 0.95 047 000 3.80 0.95+0.8913
Protein Isolate  19.00 4.00 0.00 0.00 23.00 5.75+7.8222
Total 37.57 1816 330 0.00 59.03
Mean 12.52 6.05 110 0.00
SD +7.2636 +£5.2115 +1.238 +0.00

*Using ANOVA for row and column, the effect dueto variation
in temperature is not significant, and cannot be further
separated using Fisher’s LSD Test.

TABLE 3.1B : Table of Two-Way ANOVA for effect of
temper atur eon foaming capacity+

SS DF MS

Sour ce of variance Fea  Fiab=00s

SSA 105.18 2 5259 2.2668 5.14
SSB 293.68 3 97.90 4.2198 4.76
SSE 139.18 6 23.20

Tota 538.04 11

TABLE 3.2A: Effect of temperatureon swellingindex

FC Affected By Temperature Variations (%)

Samples
40°C 60°C 80°C 100°C Total Mean+SD

2.73

Full-fat 2.50 2.70 2.70 3.00 1090 £0.1785
2.83

Defatted 2.70 2.80 2.90 290 11.30 £0.6042

Protein 2.75

Isolate 2.70 2.90 2.70 270 11.00 £0.0866

Total 7.90 8.40 8.30 860 33.20

Mean 2.63 2.83 2,77 2.87

SD +0.0943 +£0.0816 +0.0934 +0.1247

*Using ANOVA for row and column, the effect dueto variation
in temperature is not significant, and cannot be further
separated using Fisher’s LSD Test.

-
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TABLE 3.2B : Table of Two-Way ANOVA for effect of tem-
peratureon swellingindex of samples

Sourceof variance SS DF MS Fea  Fiab=o00s
SSA 0.0217 2 0.0109 0.6646 6.94
SSB 0.0867 3 0.0289 1.7622 6.94
SSE 0.0983 6 0.0164

Total 0.2067 11

TABLE 3.3A: Effect of temperatureon water absor ption

WAC Affected By Temperature Variations (%)
Samples

40°C  60°C 80°C 100°C Total Mean+SD
Full-fat 300 230 210 110 850 213°+0.6796
Defatted 280 250 230 120 880 2.20%0.6042
Protein Isolate  2.60 220 1.80 060 7.20 1.80°+0.7483
Total 840 700 620 290 2450
Mean 280° 233" 207° 097°
SD £0.16 +0.13 +0.21 +0.26

*a — ¢ means with uncommon superscript along the rows and
column differ significantly at p < 0.05.
LSD (R) =0.020; LSD (C) =0.333

TABLE 3.3B : Tableof Two-Way ANOVA for effect of tem-
peratureon water absor ption

Sourceof variance SS DF MS Fea  Fiab=-o00s
SSA 0.3617 2 0.1809 11.03 5.14
SSB 54492 3 18164 110.76 4.76
SSE 0.0983 6 0.0164

Total 5.9092 11

TABLE 3.4A: Effect of temperatureon emulsion capacity

EC Affected By Temperature Variations (%)

Samples
4°C  60°C  80°C  100°C Total Mean=SD
0.6835°
Fulfat 06458 06853 07014 07014 27339 000
Defatted 06549 07183 07343 07483 28558 O-/440°
: : : : : £0.0357
Protein 0.6611°
o 06206 06618 06691 06838 263 Lo
Total 19303 20654 21048 21335 8234
Mean 0.6434° 0.6885° 0.7016° 0.7112°
D £0.0105 £0.0232 +0.0266 +0.0272

*a — ¢ means with uncommon superscript along the rows and
column differ significantly at p < 0.05.
LSD (R), .= 0.015; LSD (C), . = 0.026

0.05 0.05

TABLE 3.4B : Table of Two-Way ANOVA for effect of
temperatur e on emulsion capacity

Sour ce of variance SS DF MS Fea  Fiab-o00s
SSA 0.0056 2 0.0028 28.00 5.14
SSB 0.0081 3 0.0027 27.00 4.76
SSE 0.0007 6 0.0001

Total 0.0144 11
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termines how well the materia will perform asmeat
analogue or extender. Oil Absorption Capacity of
4.08ml/g has been reported for African Yam Bean
(AYB) ProteinIsolate (Adebowaleet a., 2009). This
wasfoundto be only dightly higher than that obtained
for theBCC Protein Isolate (2.62ml/g). However, the
Foaming Capacity of the BCC Protein Isolate (47.68%)
was much higher than thevalue obtained for AY B iso-
late (5.23%). Thisproperty isthe capacity to form stiff,
gtablefoam and isan important requirement of proteins
to beincorporated into agel cakes, whipped toppings,
and deserts. Hence, thisrelatively high foamability of
BCC isolatemay enhanceitsutilization asafunctional
ingredient in some Nigerian food products.

Effect of temperature

Results show that the 40°C - 100°C temperature
variations brought about reduction in the mean Water
Absorption Capacity of thefull fat and defatted flour
samplesfrom 2.43ml/gto 2.13ml/gand from 2.53ml/g
t0 2.20ml/g respectively. Similar reduction of themean
Water Absorption Capacity was also obtained for the
proteinisolate (from 3.26ml/gto 1.80 ml/g). Thesere-
ductionin WAC may beasaresult of the denaturation
of the protein content of the samplesby heat of tem-
peratures above 60— 70°C resulting in the disruption
of hydrogen bonding and non-polar hydrophobicinter-
actions. Asmost other functional propertiesare pro-
tein-related, areductioninther valueswasexpected at
temperature treatment tending to 100°C. It was how-
ever observed that temperature variationsfrom 40°C
to 100°C produced an increase in the Emulsion Ca-
pacity and Swelling Index of thefull fat and defatted
floursaswell asthe proteinisolate. Theseresultsare
tabulated inTABLES 3.1A - 3.4B below.

Effect of pH

Theresult of theeffect of pH onthefunctiond prop-
ertiesof theBCC floursandisolate samplesisasshown
iINTABLES4.1A —4.3B. Unlike for the temperature
treatment, pH variationsfrom 4.5 to about 10.0 pro-
duced aprogressiveincreaseintheWAC, FC and SWI
of thefull fat flour, defatted flour and proteinisol ate of
the BCC. Theseincreaseswerefound to be consistent
with smilar resultsobtained for whesat. Beyond thispH
(10.0), thefunctional propertiesof the sampleswere
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observed to produce adecreasi ng trend, with those of
theisol ate showing greater tendency toreduceinvaue.
Okezie and Bello™ reported that the pH affects the
solubility of protein. Inturn, thesolubility isknownto
beacritica factor that influencesfunctiona properties.

TABLE 4.1A ; Effect of pH on foaming capacity

FC Affected By Temperature Variations (%)

Samples
6.0 100 120 140 Tota Mean+SD
Full-fat 485 596 9.09 972 851 38.13 7.63°+1.8863
Defatted 7.02 543 859 875 965 39.44 7.89°+1.4924
Protein Isolate 2.89 5.5 393 369 355 19.21 3.84°+0.739%4

14.76 16.54 21.61 22.16 21.71 96.78
Mean 492 551 720 739 7.24
sD +1.69 +£0.34 +2.32 +£2.64 +2.65

*a, b means with uncommon super script along the rows differ
significantly at p < 0.05 but that of column are not significant
and cannot be further separated using Fisher’s LSD Test.
LSD (R),,; = 2.078

TABLE 4.1B : Tableof Two-Way ANOVA for effect of pH on
foaming capacity of samples

Total

Sourceof variance SS DF MS Fa  Fav-oos
SSA 51.26 2 2563 12.63 4.46
SSB 1585 4 39 195 384
SSE 16.22 8 2.03
Total 8333 14

TABLE 4.2A: Effect of pH on swellingindex
SWI Affected By Temper ature Variations (%)
Samples
45 60 100 120 140 Tota Mean+SD

Full-fat 130 1.79 1.35 1.39 118 7.01 1.40°+0.2064
Defatted 125 129 130 1.39 132 655 1.31°+0.0460
Protein Isolate 1.69 234 212 162 152 929 1.86°+0.3163
Total 424 542 477 440 4.02 2285

Mean 141 181 159 147 134

SD +0.20 £0.43 +0.38 +0.11 +0.14

*a, b means with uncommon super script along the rows differ
significantly at p < 0.05 but that of column are not significant
and cannot be further separated using Fisher’s LSD Test.
LSD (R),,; = 0.293

TABLE 4.2B : Tableof Two-Way ANOVA for Effect of pH on
swellingindex of samples

Sourceof variance SS DF MS Fua Fuap-oos
SSA 0.8613 2 0.4307 10.68 4.46
SSB 0.4011 4 0.1003 249 38
SSE 0.3225 8 0.0403

Total 15849 14
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TABLE 4.3A: Effect of pH on water absorption

WAC Affected By Temperature Variations (%)

Samples

45 6.0 100 120 140 Total Mean+SD
Full-fat 168 187 198 201 139 893° 1.79+0.2293
Defatted 183 1.97 212 219 217 10.28"° 2.06+0.1368
Protein Isolate 2.63 3.96 3.73 3.48 254 16.34° 3.27+0.5787
Total 6.14 780 7.83 7.68 6.10 3555
Mean 205 260 261 256 203
sb +0.42 +0.96 +0.79 +0.66 +0.48

*a, b, c meanswith uncommon super script along therowsdiffer
significantly at p < 0.05 but that of column are not significant
and cannot be further separated using Fisher’s LSD Test.
LSD (R),,, = 2.078; LSD (C),,, = 0.499

TABLE 4.3B : Tableof Two-Way ANOVA for effect of ph on
water absor ption of samples

Sourceof variance SS DF MS F.y Fub-oos
SSA 6.2303 2 3.1150 26,59 4.46
SSB 1.0935 4 02734 233 384
SSE 0.9372 8 0.1172
Total 8.2610 14

CONCLUSION

Effect of temperaturevariation

From the outcome of the research, it can be con-
cluded that variationsintemperaturefrom 40°Cto 100
°C producesincreasein Emulsion Capacity and Swell-
ing Index of Full-fat and Defatted flour samplesaswell
asproteinisolate of dehulled Black Crowder Cowpea.
Onthecontrary, the sametemperaturevariationsbring
about reductionin their Water Absorption Capacity and
Foaming Capacity.

Effect of pH variation

pH variation from 4.5 to about 10.0 generatesa
progressiveincreaseinthe WAC, FC and SWI of the
full fat flour, defatted flour and proteinisolate of Black
Crowder Cowpea (Vigna unguiculata), and beyond
pH 10.0, thefunctiona propertiesof the samplespro-
duceadecreasingtrend, with those of theisol ate show-
ing greater tendency to reduceinvalue.
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