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ABSTRACT

Neglected and underutilized legumes abound in storage proteins and
starches but are not exploited to the fullest for industrial applications. Thus
this study was to investigate the surface functional properties of the stor-
age proteins and the pasting properties of their starches. The pasting prop-
erties of the starches were studied using Brabender viscoamylograph. Four
factors, concentration of protein (0.01-0.08%), pH (7-10), source of protein
(V. subterranea, C. ensiformisand C. cajan) and type of solvent for extrac-
tion (0.01M NaOH, 0.05M NaCl) were projected into quadratic model to
study the two main surface responses of the isolated proteins; foaming
properties and emulsion capacities. The V. subterranea starch had maximum
paste viscosity (400 BU) and a breakdown viscosity of 21 BU compared C.
ensiformis starch. The optimum surface functional properties was respec-
tively achieved at protein concentration, pH, solvent and protein source of
0.08%, 8.5, NaOH and V. subterranea. The surface functional properties of
foaming and emulsion capacities could be attributed to the storage protein
of 80kDa present at 70% in the V. subterranea NaOH extract. The potential
therefore exist for food industrial applications of V. subterranea as far as
pasting and surface functional properties are concerned.
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INTRODUCTION

In many developing countries and in the tropics
beansand peascollectively known aspulsesor legumes
arelargdyimportant sourcesof proteins. In Ghana, con-
sumersdepend onavery limited number of cropslike
cassava, yam, sweet potato and other roots and tubers

aswell ascerea sas sources of dietary energy to meet
theneeds of staplediets. Starchformsamaor ingredi-
entindl staplefoodsand can beusedinitspurifiedand
unmodified form by thefood, beverage, paper and tex-
tileindustries. Morerecently, chemicd and/or enzymatic
modificationsof isolated root and tuber starcheshave
been carried out to further increaseits application and
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utilization™. Thoughlegumescontain substantia amount
of starchthesearenot exploitedindustrialy!¥. Recently,
there have been callsfor theimprovementsof suchle-
gumesleadingto extraction of starchfrom other sources
inadditionto thetraditional rootsand tubers.

Accordingto Kesder, et al.[*, V. subterranea and
C. ensformishaveinternationd importanceasafuture
sourceof food. Thereforesuchleguminousstarcheshave
thepotentia of contributing greatly to textura proper-
tiesof variousfoods. They aretherefore expected to
perform such industria applicationsasthickener, stabi-
lizer, gdlling agent, bulking agent, water retention agent
and asadhesive?*24, Also dueto inadequate supplies
of animal proteins, there has been acontinual search
for new protein sourcesfor useasboth functiona food
ingredients and nutritional supplement®, Thissearch
hasled toincreasing globa protein consumption and
thequest for new sources of food proteins, particularly
plant sourced!”. Attention must therefore begivento
these legumes which hold tremendous aternative
sources of proteins and starches. Thusthisstudy was
designed tofirstly, determinethe percent protein con-
centration, pH, source of protein and the solvent for
theextraction of proteinsthat could support maximum
surfacefunctiona propertiesand secondly, to evaluate
the pasting propertiesof thelegume starches.

MATERIALSAND METHODS

Materials

All reegentsof andytical grade, usedwerepurchased
from Sigma-AldrichInc., USA. Electrophoresis appa-
ratus (Bio-Rad ECPS 3000/1500) was used to mea-
surethemolecular characteristicsof the proteins.

Sourceand preparation of sample

C. ensiformis, V. subterranea and C. cajan were
obtained from Plant Genetic Resource Research Insti-
tuteof the Council for Scientificand Industrial Research
(CSIR-PGRRI) at Bunso in Ghana. Onekilogram of
thelegumeswassolar dried for amaximum of four days
to amoisture content of about 10%. Thedried samples
weremilled using MPE roller mills(Model GP-140
Grinder) with poresizeof 250 microns. Eighteen liters
of hexane as solvent was used to defat theflourina
Solid-Liquid Extractor (model E1VS, France). The
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defatted meal was solar dried in solar tent dryer for
two daystoexpd all thevolatile solvent after whichit
was storedin plastic bagsat - 4°C.

Methods
Theextraction of storageproteinsand starch

Theextraction of protein fractionsfromtheflours
was carried out using the method described by Gomez-
Brenes, et al.!*Y, after aminimum modification. Pro-
teinswereextracted from 50g flour by adding 200ml of
0.01M NaOH and 0.05M NaCl separately. The re-
sulting durry wasthen agitated on aG24 Environmen-
tal incubator shaker (New Brunswick,) at 150 rpm at
room temperaturefor 2 hrs. After filtering to remove
theinsoluble polysaccharides, thefiltrate was centri-
fuged (Towsonand Mercer G24 Centrifuge) at 2500rpm
for 15 minutesinto adebrisfree supernatant contai ning
the proteinswhich werelater precipitated at theiso-
electricpoint (pl = 4.10) with0.5M HCI. Theproteins
were washed with 500ml distilled water and re-sus-
pendedin 100ml distilled and stored intherefrigerator
at 4°C. Theinsolublestarch whichremained astheres-
duetogether with theinsoluble polysaccharideswas
washed thoroughly with distilled water and sieved with
anylon cloth membrane with 60um pore size. The
starch was degummed with 250 ml 45% hexaneonthe
incubator shaker for 2 hrsand was solar dried for 72
hrs, weighed and packaged in plastic contai ners pend-
ingfurther analysis.

SDS-PAGE Electrophoresisof proteins

Themolecular weightsof the NaOH and NaCl sol-
vent protein extractswere determined using polyacry-
lamide gel dectrophoresis(PAGE) in sodium dodecyl
sulphate (SDS). It was performed on 12% polyacryla-
mide gels according to the procedure described by
Laemmli®®® inaMini-Protean Il dual slab cell (Bio-
Rad Laboratories, Richmond, CA). Thesamplebuffer
was briefly heated with 1% 3-mercaptoethanol before
loading into thewells. Standard protein markers con-
taining seven proteinsranging from myosin (205kDa)
tolysozyme (18.5 kDa) was used for molecular weight
determination. The separated bands of proteinswere
stained with Coomassie brilliant blue R-250. Mol ecu-
lar weightswere determined by measuring the distances
of migration in comparison with the standards.
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I mageanalysisof electrophoregram

Theelectrophoregram from the SDS-PAGE was
scanned using HP Scanjet 2,400 at 1,200 dpi (Hewlett-
Packard, Glasgow, Scotland, U.K.) and analyzed us-
ing theimagel software according tothe gel analyzer
option asdescribed by Ferreiraand Rasband®. Sub-
sequently the percentage peaks of the separated bands
against thelogarithm of the molecular weightsof the
proteins (having cal cul ated them previoudy fromther
Rf’s) were run in a statistical tool®,

Experimental design for the surface functional
properties

Presented in TABLE 1 arefour factors; concentra-
tionof protein (A) (0.01-0.08%), pH (B) (7-10), source
of protein(C) (V. subterranea, C. ensiformisand C.
cajan) and type of solvent for extraction (D) (0.01M
NaOH, 0.05M NaCl), whichwerevariedin aresponse
surfacedesigninto 27 experimentd runs. Using Design
Expertl” statistical tool, the D-optima initiad designwas
chosen to project aquadratic model to study thetwo
main surfaceresponses of theisol ated proteins, foam-
ing propertiesand emulsion capacities.

Foaming capacity and stability of proteins

Foam capacity and stability was determined by the
Lin, et d ., methods. Twenty fivemillilitersof protein
ol ution obtained from each experimenta runweresus-
pendedin 0.01M phosphate buffer. Theresulting solu-
tion waswhipped vigoroudy inaStuart magnetic stir-
rer (SM4, Ireland) at 100 rpm at room temperaturefor
5 minutes. Volumes were recorded before and after
whipping. Thevolumeof the foam generated was ex-
pressed as foam capacity and the volume of thefoam
after aperiod of 120 minuteswas expressed asfoam
stability. The percentage volumeincrease was cal cu-
lated according to thefollowing equation;

% Volume=(V,-V,)/(V,)x100
whereV ,=volumeof protein solution after whipping;V =
volume of solution beforewhipping.

Emulsion capacity of proteins

The emulsion capacity was determined using the
method described by Beuchat, et 4. Twenty five mil-
lilitersof protein sol ution suspended in phosphate buffer
obtained from each of theexperimenta runs(TABLE
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1) was agitated on Stuart magnetic stirrer (SM4, Ire-
land) at 150 rpm at room temperature asarefined veg-
etableoil (frytol) was added continuously from abu-
rette until therewas separation into two layers, when
emulsion breakpoint wasreached. Emulsification ca
pacities were measured as volumes of oil added per
gram of protein and these were determined in dupli-
catesat 25°C.

Data analysis

The response data obtained was loaded into the
Design Expert statistical tool and runto generatere-
gression parameterswhichwerestudied. Statistical Sg-
nificance of thetermsin theregresson model wasex-
amined by analysisof variance (ANOVA) for eachre-
sponse.

Prediction regression-(pred R?) and adequate pre-
cision -(adeq precision) of themodels sel ected were
studied and used to judge the adequacy of the model
that were generated. The p—values for the regression
model saswell astheinteractionsamong thefactors of
extraction weretested againgt p<0.05. Optimizationwas
performed accordingtothe congraints presentedintable
2inorder to predict the optimum conditionsfor maxi-
mum foaming and emulsion properties. Inaddition the
conditions of concentration of meal durry for extrac-
tionfromflour, pH study of responses, solvent for the
protein extraction and the source of protein.

Physicochemical composition of legumestar ches

The phenol- sulphuric acid or theanthronemethod
was used to determinethe carbohydrate content of the
legumes. The standard AOA C? methods were used
for the measurement of amylose. The Coffman and
Garcid® procedure was used to determine the least
gelation concentration. Ogungbenl €9 method was used
to determinethe swelling power/ solubility. Thestarch
granulesizesmeasured by stainingwith 0.2g12/2g K1
and viewing under alight microscopeusingaMeiji mi-
croscope model MX4300H (Meiji Techno Co., Ltd.,
Saitama, Japan), equipped withaJV C color camera.

Deter mination of pasting propertiesof starch

The pasting properties were determined by the
method described by Newport Scientific8. Theequip-
ment was set to rotate the spindle at 75 rpm and to
start pasting at 50°C. Thetemperaturewas set toin-
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Platel: Theelectrophoregram of marker proteins(M) and
three legume proteins; V. subterranea (Bam), C.
ensiformis,(JB) C. cajan(PP) which have been extracted by
two solvents; 0.01M NaOH (1) and 0.05M NaCl(2)

creaseat 1.5°C/ minand programmed to hold the paste
at 90°Cfor 15 minutesafter whichit wascooled at the
samerateto 50°C for afurther holding for 15 minutes.
C. ensformisand V. subterranea starcheswere pasted
asdescribed aboveusing 38.1g (dry basis) / 421.8 ml
and 40.5g (dry basis)/ 419.5ml respectively. Pasting
parameters such asbeginning of gelatinization, maxi-
mum viscosity, start of holding, start of cooling, end of
cooling, end of fina holding, break down and set back
wererecorded in thisdetermination.

RESULTSAND DISCUSSION

SDS-PAG electrophoresisof proteins

SDS-PAGE of thesix protein extracts gave mul-
tiplebandsas presented by the e ectrophoregram (plate
1). V. subterranea which was extracted with 0.01M
NaOH (Bam1l) showed eleven bands (platel, lane 2,
Figure 1a) with amolecular weight range of 19-172
kDa, whilethe V. subterranea extracted with 0.05M
NaCl (Bam2) showed ten bands (platel, lane 3, Fig-
ure2b) with amolecular weight smilarly ranging from
19-172kDa. There was one very prominent peak of
up to about 70% of aprotein with amolecular weight
80kDaextracted with NaOH from the V. subterranea
whereastherest of the eleven proteins extracted con-
stituted some 30% (Figure 1a). Similarly, aprotein with
molecular weight of about 90kDa constituted about 72%
of the proteins extracted with NaCl from V.
subterranea of which the rest make up some 28 %
(Figure1b).
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Granule morphol- Granule morphol-

Granulemor phology
ogy of cassava(M. ogy of Jack bean (C. of Bambara ground-

esculenta) starch ensiformis) starch nut (V. subterranea)

starch
Plate2: Sarch granuledistribution showing small granules

asround and polygonal shapeswith lar ge granulesshowing
oval and elliptical shapes especially in the leguminous
star ches. Thecontrol starch isshowing very small and many
truncated shapes

The C. ensiformis extracted with 0.01M NaOH
(JB1) showed ninebands (platel, lane4, Fig 28) with
molecular weight rangingfrom 27t0 173kDa, whileC.
ensiformisextracted with 0.05M NaCl (JB2) showed
four bands (platel, lane5, Figure 2b) with arather low
molecular weight range of 24-45 kDa. The effect of
solvents was consistent in the extractions from C.
ensiformis. For instance, inthe NaOH extraction, there
were ninebands of which fivewerepronounced dueto
aprotein of molecular weight 75 kDaamounting to
some 51% of the extract (Figure 2a) compared to a
proteinwithamolecular weight 43.65 kDawithastrong
peak of 88.92% inthefour bands (Figure 2b) obtained
fromtheNaCl extraction. It issuggested that only sub-
units of the parent albumins, globulinsand possibly
glutelinswere extracted probably because of thelow
molecular weightsshown/¥,

Also the C. cajan extracted with 0.01M NaOH
(PP1) showed eight bands (platel, lane 6, Figure 3a)
and the 0.05M NaCl extract of C. cajan (PP2) had
ninebands(platel, lane7, Figure3b). Their molecular
wei ghts ranged between 24-174 kDa (Figure 3a) and
26-180 kDa (Figuer 3b) respectively. The NaCl ex-
traction of C.cajan gave nine bands of which six band
were above 10% band area (Figure 3b). There was
sgnificant presenceof peak strength of which thehigh-
est was 17.56% dueto aprotein of molecular weight
of 179.52kDa Thestuation wassimilar for theNaOH
extraction of C. cajan though thissolvent wasableto
extract only elght proteinsof which aprotein withmo-
lecular weight 58.94 kDahad 21.99% band area (Fig-
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Figurela: Percentageband area of themolecular weightsof

storage proteins as extracted from V. subterranea using
0.01M NaOH solvent (Bam1)
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Figure2a: Percentageband ar ea of themolecular weightsof
sorageproteinsasextracted from C. ensformisusing 0.01M
NaOH solvent (JB1)

ure 3b), not ableto extract equa number of the storage
proteinsasin the case of the NaCl extraction.

It was observed that the sol vent used for the ex-
tractionin C.cajan had atremendouseffect onthe stor-
age proteinsextract sincedifferent molecular weights
of proteinswererecorded for the two solvents used.
TheC. cajan extraction did not provideasingle most
pronounced pesk as compared to theextractionsinthe
V. subterranea and C. ensiformis suggesting that the
storageproteinsin C. cajan were many different types.
Thelow molecular weightsof al thebands might aso
beduetodissociation of theprotein subunitsintosmd ler
ones during heating in the presence of -
merceptoethanol which encourage disulphidelinkage
reductiong®.

Fittingthedata collected

To explainthebehavior of thetreatment responses
againg thefactors, plotssuch asthemodd designswere
obtained. A summary of the statistics of model fitted
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Figurelb : Percentageband ar ea of themolecular weightsof
storage proteins as extracted from V. subterranea using
0.05M NaCl solvent (Bam2)
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Figure?2b : Percentageband ar ea of themolecular weightsof
gorageproteinsasextracted from C. ensformisusng 0.05M
NaCl solvent (JB2)

indicated the R? adjusted R? and predicted R?. These
wereindicatorsof how well thefactorsand responses
model sfitted the data. For goodness of fit, low stan-
dard deviationsand R?near 1 weredesired™.

Foaming capacity and stability of proteins

Anaysisof thedatarevealed alinear model (Fig-
ure5) for foaming at the zeroth minutewhich wassig-
nificant (p<0.05) for protein concentration, thelegume
source of protein and thetype of solvent used for the
extraction of the storage proteins. However, therewere
no i nteractions between the sol vent used to extract the
storage proteins and the source of the proteins. The
regression parametersof R?(0.84), adj R?(0.77), pred
R? (0.61) and adeq precision of 10.13, point to the
very featuresof fitted modd sthat could beused to navi-
gate the design space and make predictions. Subse-
quently theequation (1) described thefoaming response
at thezeroth minuteY | and the dependent factors as,
Yo = Bo + lel + Bzxz + Bsxs oot B7X7 + Bsxzs ()

Macromolecules « —
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Figure3a: Percentageband area of thelogarithm storage
proteinsasextracted from C. cajan using 0.01M NaOH sol-
vent (PP1)
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Figure4: Therdationship between foam capacity at theOminute
and thepH at which foamwasformed. A concentration of 0.08%
of V. subterraneaprotensextracted with NaOH wasused

The protein slurries of concentrations between
0.01M and 0.08M produced significant foaming that
ranged between 22 to 35.1%. Therewasno significant
interaction between foaming capacity and the depen-
dent factors such as concentration of protein, type of
solvent for extraction and type of protein.

However, pH had an influence on thefoaming ca-
pacity at thezeroth minutefor aprotein concentration of
0.08% for particularly V. subterranea which were ex-
tracted withNaOH (Figure4). AtapH of 7 (Figure4),
thefoaming capacity rosefrom 28% and reached apesk
of about 32% at pH 8.5, after whichit declined to about
29 %, at pH 10. On the otherhand, the foam capacity
response(Figure6) a 120 minutesY  gradualy roseto
amaximum at pH 8.5 and declined to below 10%at pH
7. Themode of thefoaming capacity at 120 minutesis
generdly described by theregresson modd (2).

Y120 = Bo + lel + ﬂzxz + ﬂ3x3[1] + ﬂ4X3[2] + ﬂ5X4 + B6X1X2+
ﬂ7X1X + ﬂsxlx3[2] + ﬂ9X1X4+ X X3[1] + ﬂnx X +

31 10”72 2732

B12>(2>(4+ Bl3>(3[l]>(4+ Bl4>( X + ®15 le + B16>(22 (2)

321 4
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Figure3b : Percentageband area of thelogarithm storage
proteinsasextracted from C. cajan using 0.05M NaCl sol-

vent (PP)
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Figure5: Therelationship between foam capacity at the0
minuteand the concentration of V. subterranea proteinsex-
tracted in NaOH at pH 8.5

Inthismode, it was observed that protein concen-
tration has pronounced effect on foaming capacity and
stability. Theseresponsesincreased with increasing
concentration of storage proteins as reported for
mungbean proteinisolatd’. Theregression parameters
of R?(0.94), adj R? (0.85), pred R? (0.35) and adeq
precison of 11.68werevery good featuresfor themodel
obtained. Thereforethemodel could be used to navi-
gatethe design spacein order to explain thefoam ca
pacity and can thus be used to make predictions of
foaming response. Thefoam capacity wasoptimized at
around pH 8.5 and at astorage protein of 0.08% giv-
ing credenceto thefact that at pH 8.5 the greatest ni-
trogen and hence protein solubility occurred. Thissug-
gest that at thispH protein polymers might have been
polarized making them diffuseto theair- water inter-
phaserapidly to encapsulaeair and subsequently form
foam%24, pH increasefrom 7 to 8.5 may haveled to
thediffusonof gasfromsmadler bubblestolarger bubbles
asreported by Rajeev and Djelven?, Thiscould have
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Figrue8: Pagting characteristicsof V. subterraneaand C. ensfor misshowing the beginning of gelatinization (A), maximum
viscosity(B), start of holding period(C), start of cooling period(D), end of final holding period(E) and end of cooling period(F)

led to thedisappearance of smaller bubblesinto larger
bubbles, adestabilization phenomenon caled Ostwald
ripening. Thisdestabilization phenomenon seemsnot to
befavourableat pH closeto 7, probably dueto poor
lamellaeformation and maintenance of foamintegrity.
According to Rajeev and Djelveh?, at an optimum
pH whichinthiscaseis 8.5, the surface properties of
proteins dominate asthe surfacetension dropstoits
lowest value. However, increasing the pH above 8.5
increasesthesurfacetension therefore causingthedis
integration of thefoam.

Emulsion capacity of proteins

Anadysisof thedatareveaed alinear relationship
(Figure 7) model for emulsion capacity that issignifi-
cant (p<0.05) for protein concentration, source and

hencethetype of protein and thetype of solvent used
for theextraction. Therewereinteractionsbetweenthe
solvent used to extract the storage proteinsand the con-
centration aswell asthe sourceof protein and thetype
of solvent used for the extraction of the storage pro-
teins. Asfar aspH isconcerned itsrelation between
emulsion capacity risesthrough amaximum at 8.5 be-
foredecreasing just asin the case of foaming. There-
gression parameters; R?(0.36), adj R? (0.34), pred R?
(0.27), and adeq precision (6.85) of the fitted model
werejust adequate and as such could be used to navi-
gate the design space and make predictions. Subse-
quently the emulsion capacity of V. subterranea ex-
tracted with NaOH was modeled as:
Y 1 = Bo + lel

Differencesin polypeptide profileshavebeen shown
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TABLE 1: Twenty seven experimental runsfor four modifica-
tion factors; concentration of protein (A) (0.01-0.08%), pH
(B) (7-10), sourceof protein(C) (V. subterranea, C. ensformis
and C. cajan) and type of solvent for extraction(D) (0.01M
NaOH, 0.05M NaCl) in aresponsesurface D-optimal initial
design projectingaquadratic model. Theresponsefactors
wer e foam capacity at 0 and 120 min as well as emulsion

capacity

Factors Responses

Foam Cap Foam Cap Emulsion

Run A:Conc B:pH C:Proteins D:SolExtr

atOmin at 120 min Cap
% % % %

1 0.080 10.00 CanV NaCl 12.20 8.40 4.10
2 0.010 7.00 CanV NaOH 3.80 2.80 3.20
3 0045 10.00 CanVv NaOH 18.10 11.90 7.70
4 0080 850 CanV NaOH 32.20 22.50 7.10
5 0045 7.00 CanV NaCl 15.00 8.10 7.20
6 0010 850 CanV NaCl 7.50 4.70 5.80
7 0.045 7.75 CanVv NaOH 24.40 16.90 7.90
8 0045 925 CanV NaCl 11.90 9.40 3.90
9 0.045 7.00 CanVv NaCl 11.30 5.00 8.60
10 0.080 7.00 CajCan NaCl 20.00 15.00 5.90
11 0.045 7.00 CajCan NaOH 16.30 11.60 6.80
12 0.010 1000 CgCan NaOH 10.60 8.10 2.90
13 0.080 10.00 CagCan NaOH 18.80 15.60 7.80
14 0.045 1000 CgCan NaCl 15.60 9.40 8.50
15 0.010 7.00 CajCan NaCl 7.50 6.30 3.50
16 0.045 7.75 CajCan NaCl 18.10 12.80 6.00
17 0.010 1000 CsgCan NaOH 9.40 6.90 2.00
18 0.080 7.00 CajCan NaCl 18.80 13.80 10.0
19 0.010 10.00 VigSub NaCl 8.80 6.90 2.80
20 0.063 850 VigSub NaCl 16.60 11.60 5.20
21 0.080 10.00 VigSub NaOH 34.70 28.40 7.40
22 0080 7.00 VigSub NaOH 22.50 19.30 5.90
23 0.010 850 VigSub NaOH 19.10 15.90 4.30
24 0028 7.75 VigSub NaCl 15.90 13.10 4.30
25 0.045 925 VigSub NaOH 31.30 25.00 2.60
26 0.010 10.00 VigSub NaCl 8.80 8.10 3.40
27 0080 7.00 VigSub NaOH 28.80 26.90 6.40

to have direct effects on the functional properties of
protein samples. Phillips? explained that the concen-
tration dependent emul sifying capacity asbased on ad-
sorption kinetics. When protein concentration waslow
such asin this case at 0.01%, the rate of adsorption
would bediffusion controlled, but at high protein con-
centration, there was activation barrier to adsorption.
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Therefore, theability of the protein moleculesto cregte
space in the existing film and to penetrate and rear-
range on the surfacewasrate determining. Generally,
emulsion activity was optimized at pH 8.5 for V.
subterranea proteinswhich sorage proteinshave been
extracted using NaOH compared to the other protein
sourcesfrom C. cajan and C ensiformis. Thefact that
V. subterranea proteins showed potential in the sur-
facefunctional properties could beattributed to those
proteinsof molecul ar weight ranging from 80 kDastor-
ageproteininthe NaOH extraction which was present
at 70% to 90 kDain the NaCl extraction which was
a so present a 72%. The other legume protein sources
delivered only low potentia in surfacefunctiona prop-
erties probably becausethey do havethe storage pro-
teins of the right polypeptide constituents or kDato
affect the appropriatefunctions. Theseproteins could
giveother food functional propertiesthat still needin-
vestigation.

Physicochemical propertiesand compostion of the
legume star ches

The yield of starch isolated from the defatted
Bambara groundnut flour was 43.01% of which the
quantities of proteinswere 0.59%. Fat was present at
0.42%. The ash and fibre contentswere respectively
0.45% and 0.50%. Within experimentd or variationlim-
its, Piyarat (2008) a so recorded Bambaragroundnut
sarchyield of 45.57% containing 0.61% protein, 0.44%
fat, 0.47% ash and 0.60% fiber content. The C.
ensiformis starch had the highest amyl ose content of
37.10% ascompared to V. subterranea starch which
had 21.44 % and thiswasindeed far and over thevaue
reported in the cassava starch used in this work
(23.40%). After the degumming of the starches, the
anthrone starch purity determination gave V.
subterranea as being pure up to 39.95 % compared
tothe C. ensiformiswhich was 62.6 % purer. Failure
to achieve close to 100% purity might be due to the
presence of starch granule proteinsor even polar pig-
ments which are reported to be strongly bonded to
starch granulesduring starch synthesig®.

Like Canna sp starchesthelegumes starcheshad
mixed population of large, medium andsmal. Themean
sizewashowever; different from that of the Cannasp
starcheswhich had mean granulediameter of 47.4 um*2.

—r—,  \lBCromolecules
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TABLE 2: Thefactorsand responsesgoalsof theconstraints
used toperform optimization

Name Goal Lower limit  Upper limit
Conc. isin range 0.01 0.08
pH isinrange 7.00 10.00
Proteins isequal to CanV CanV VigSub
Sol Extr isinrange NaOH NaCl
Foam Cap at 0 min maximize 3.80 34.70

2.80
2.00

28.40
10.00

Foam Cap at 120 min maximize

Emulsion Cap maximize

Theparticlesizedigributionsof different szed granules
separated from thelegumesare presented inplate 2. V.
subterranea showed mostly largeelliptical and rather
smaller spherical granulesmorphology and had sizes
ranging from 15.78 um (small) to 46.03 um (large). It
appeared elliptical in shape when large whereasthe
medium and small granules appeared spherical. C.
ensiformison the other hand showed mostly elliptical
granulesmorphology and had rather larger granulessizes
ranging from 15.78 um (small) to 47.34 um (large).
Thecontrol cassavastarch presented many round and
truncated granulesand had thesmallest of thesmd | Szed
granules(7.89um) as well as the smallest of the large
sized granules(21.04 um).

Theresultswerein agreement with literature that
root tuber starches small granules present round and
polygonal shapes, whereasthelarge granuleshad oval
and dlliptical shapes*2. It dso confirmed that most le-
gume starches were oval in shape, but tend to have
centric hilums. C. ensiformis starch had the lowest
swelling power (22.71%) and solubility (0.0018%)
compared to the V. subterranea of values 29.20 %
and 0.0032% respectively. The cassava starch had
comparable swelling power (23.90%) to that of C.
ensformisbut had the highest solubility (0.062%) com-
paredto all thelegumestarches. V. subterranea starch
least gelled at 3.5%v/v whilst C. ensformisstarch least
gdled a 2.5%v/w suggesting that smaller quantitiesof
total solidsisrequired by theC. ensformistogel com-
pared to the V. subterranea.

Pasting propertiesof starches

The V. subterranea starch which had amylose con-
tent of 21.44% gelatinized at 75.1°C compared to C.
ensiformis(37.10%) which gelatinized at 80.5°C prob-
ably because of the higher amylose content of the C.

Macromolecules « m——

ensiformis which might have presented greater
crystdinity arising from hydrogen bonding hencerequir-
ing higher amount of heat for gelatinization. The V.
subterranea starch had ahigher pasting torque at 23
BU inthe beginning of gelatinization as compared to
the 18BU shown by C. ensiformis starch. The V.
subterranea starch had preferabl e pasting character-
I stics because the maximum paste viscosity (400 BU)
washigher and decreasing only dightly at start of hold-
ing (398 BU) and cooling (379 BU) as presented in
figure8. Thefind holding and end of cooling hadtorques
of 772 BU and 876 BU respectively and producing
only a small breakdown of 21 BU compared to C.
ensiformis starch which rather had alower maximum
pasteviscosity of 128 BU and start of holding and cool-
ingof regpectively 122 BU and 101 BU. Thefind holding
and end of coolingwereequaly low henceproducinga
greater breakdown of 27 BU.

Even though alarge setback of V. subterranea
sarchwasobserved (393 BU), the C. ensformisstarch
had end of cooling paste which wasstill higher (876
BU) compared tothat of C. ensformis(174 BU). Many
studiesreport thedirect influence of granule sizes of
various starch bases on the structure on their thermal
propertieslikegdatinization and pasting behavior. How-
ever, itisnot clear inthisresearch how thegranulesizes
of thestarch granulesmight haveinfluenced the pasting
behavior of thelegume starchesbut it appearssmaller
granulesizeasin cassavastarch aswell astheir trun-
cated shapes might affect the pasting properties.

CONCLUSION

The concentration to be used to achieve optimum
surfacefunctional propertiesfor al thethreelegume
proteinswas 0.08% at an optimum pH of 8.5. Of the
two solvents, NaOH wasthe better solvent for the ex-
traction of theproteinsand V. subterranea storage pro-
teinshad thebest surfacefunctiond propertiesof foaming
and emulsion capacitieswhich could dueto thestorage
protein of 80kDapresent at 70% inthe NaOH extract.
The V. subterranea starch had preferabl e pasting char-
acteri gti cs because the maximum paste viscosity (400
BU) washigher and decreasing only dlightly at start of
holding (398 BU) and cooling (379 BU). Thefind hold-
ing and end of cooling had torquesof 772 BU and 876
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BU respectively and showing only asmall breskdown
of 21 BU compared to C. ensiformis starch. Food
processors should make conscious effort to upscale
someof thisunderutilized legumefor industria applica
tionsin our quest to ensure sustainablefood security.
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