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Abstract:

This research was carried out to evaluate the mirfanctional properties of gamma irradiated Barmbar
groundnut protein isolates and to study the pagtivagacteristics of the modified protein in natstarch models
using the Brabender Viscoamylograph. Irradiatiors wiane at five levels: 2.50, 5.00, 7.50, and 1&G§g;
while the pasting of the Proteins (P) was run iar&t (S) models of three combinations; 30P:70S ;5
70P:30S. The results showed significant (p<0.0%¢c&f of increasing irradiation doses on proteilatesl
surface functional properties, while pasting chemastics of the irradiated protein in the expenira range
showed no significant dose-dependent (p<0.05) amribhere was characteristic starch paste behawiotine
other hand with increasing starch:protein ratiosn€usively, correlation studies suggested thatpghsting
properties depended solely on the starch concamraiithin the admixture models indicating the grsficant
contribution of modified Bambara groundnut proteinghe pasting properties in the models. Enharscethce
functional properties of the gamma irradiated gratenake them potential foaming and emulsifyingragién
food applications. The starch-protein admixture eisdnay also serve as a potential protein baseé#ething
agents for foods that require various degreessmogity modifying effects.
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1. Introduction

A recall of legumes, often without any hesitationludes soybean and cowpea to the neglect of t#games
that abound but are underutilized because of theiige problems. Many scientists have put forwaribua
reasons why neglected and underutilized legumesoddeature in their research plan. Such problembw
essential amino acids, long cooking hours, thegmes of anti-nutrients, namely, leptins, bittempiples and
phytic acids and the presence of oligosaccharidgdidated in flatulence, among others, pose serigage
problems. Fortunately, these orphan legumes haweptitential of solving numerous rural based proklem
though they are frequently overlooked by reseamtsiclerations. No matter the reasons offered, dtdar that
the lack of attention has meant that the potemadlies of these legumes are under-exploited anc:ftre
placing them in danger of continued genetic erosiuth ultimate disappearance. It is imperative tes¢arch be
directed to the processing of these legumes tahiifir usage potential taking advantage of the acks in the
modification procedures available for instanceha grafting or polymerizing starches and protemts new
biopolymers. It has been anticipated that grafongopolymerization can be carried out in such g that the
properties of the side chains can be added to thiofe substrate polymers without greatly changheglatter.
For instance, graft copolymerization of starch watrylic acid has found extensive commercial apgiins,
especially as hydrogels for personal care produtisgd packages, medical and agricultural applicetio
(Athawale and Lele, 2001). Similarly, starch grafipolymers have been achieved by free radicaliaidia
procedures where high energy ionization radiatespecially c-rays (Kiatkamjornworg al., 2000), electron
beam and Ultraviolet (UV) irradiation have beenduse initiate grafting on starch (Fanta and Doa®&g).
Researchers such as Abual. (2005) have also pointed out that at low dosadiation (2 kGy), most of the
protein-related functional properties of cowpeauffoand pastes are not affected but only at highses of
between 10 and 50 kGy where parameters such asghitrSolubility Index (NSI), Oil Absorption Capacit
(OAC), Foaming Capacity (FC) and Emulsion Capa(ii¢) of cowpea flours and pastes. However, litl@o
investigation has been conducted using irradiattofragment proteins studying their behaviour astex in
starch models. Also, there is currently no datshtow whether low dose radiation would be enougfnagment
freeze-dried proteins that would copolymerize vétith polymers as starch. Very little is also knasnto the
effect of starch-protein cogels food functionakity revealed by their pasting characteristics. Mjgadive was
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to characterize fragmented freeze-dried proteinainéd by gamma irradiation as pasted in starchetsoaind
then study the surface functional properties ofglmma irradiated proteins.

2. Materials and methods

Bambara groundnuts obtained from the Crop Resdastitute of the Plant Generic Resource Unit, Byunso
Ghana were sorted and solar-dried (to 12% moistonéent) for a minimum of three days and millede Thied
flour was defatted using petroleum spirit in agaif meal to solvent ratio of, 1:10wl/v, in a lagmale Soxhlet’s
extractor, (PPC model, Saskatoon, SK, Canada)@ad-dried in solar tent for about two to three st expel
the volatile extraction solvent.

2.1 Protein extraction

Alkaline extraction of protein from the dried deét meal was done using 0.01 M NaOH with a meabteent
ratio of 1:10 w/v. Agitation of solutions was cauliout at 150 rpm at room temperature for two housig
Environmental incubator shaker (Model G24, New Bmigk Scientific, Edison, NJ) and insoluble
polysaccharides and residues were removed by ftegitrg at 2500 rpm for 20 min. Supernatant wasifiettito

a pH range of 4.5-5.0 to allow protein precipitatidhe resulting solution was centrifuged at 300 rfor 20
min to separate proteins from soluble polysacclkari€entrifugation was repeated using distilledewadfter
which recovered proteins were freeze-dried usimgHETO POWER DRY LL300 (Thermo Scientific Brand
Products, Waltham, MA, US) freeze dryer.

2.2 Starch extraction

Starch was extracted from the solid fibrous portastained after the first round of centrifugatiddtarch
particles settled after filtrate was allowed tonstdor 30-45 min and pure starch was obtained Ipeated
washing and subsequently solar dried to 10.44%toveis

2.3 Irradiation of proteins

Five samples of freeze-dried proteins, each we@B®b.41 g, were separately placed in the innepnegf the
irradiation chamber (Gamma cell 28%Co AECL, Canada) and calibrated with the Fricke ibesry System
and exposed to 2.5, 5.0, 7.5 and 10.0 kGy%6b gamma radiation, respectively, at 1.63 kGyh-fie fion-
irradiated sample (0.0 kGy) was set as control.

2.4 Viscographic analysis

The method of Demiatet al. (2001) was used, but with slight modificationpe8ific weights of starch-protein
combinations depending on the moisture content suespended in a specific volume of solvent and was
analyzed with a Brabender viscoamylograph progragniméncrease the temperature and to rotate theel/asa
fixed rate, 1.5 C/minute and 75 rpm, respectiv&lye procedure included an initial heating phasenfb0-95 C,

in order to observe the viscosity features as: B@gg of gelatinization; maximum viscosity; stafthwlding
period; start of cooling period; end of cooling ipdr end of final holding period; breakdown visdgsand
setback viscosity. The influence of the differeambinations of protein-starch blends on the pagtirggperties
was studied. Results were recorded directly froenefpuipment as digitized viscoamylograph.

2.5 Physicofunctional properties
2.5.1 Determination of moisture content of irradéproteins

Moisture content of samples was determined by t@AB (1990) approved methods. Five grams of each
protein was measured into separate crucibles aidrgspective gross weights taken. These weresglacthe
oven at 158C for 24 h and moisture content was expressedrasmage loss in weight of sample.

2.5.2 Water absorption capacity
Water absorption capacity was estimated by the odedescribed by Wang and

Kinsella (1976). One gram each of irradiated prosamples was suspended in 10 ml distilled watelrSiml
graduated centrifuge tubes and the weights takéordo@nd after addition of distilled water. Samplesre
shaken for 30 min and centrifuged at 2500 rpm fomin at room temperature. The freed water wasfuadye
decanted and weight of test tube plus content \wkent Water absorbed was calculated as the differen
between the initial volume of water added to thege and the volume of the supernatant. The waisoration
capacity was expressed as the volume of watenegtdly one gram of the sample with density of witken as
1.00 g/cm3.
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2.5.3 Oil absorption capacity

Oil absorption capacity was measured by the mettesdribed by Wang and Kinsella (1976). In this pescone
gram each of irradiated protein samples was suggkird 10 ml vegetable oil in 15 ml graduated cé&nge
tubes and the weights taken before and after additf oil. Samples were shaken for 30 min and deged at
2500 rpm for 25 min at room temperature. The fre#dvas carefully decanted and weight of test tphes
content taken. Oil absorbed was calculated as iffierehce between the initial volume of oil addedthe
sample and the volume of the supernatant. The bsibption capacity was expressed as the volumeilof o
retained by one gram of the sample with the demsityil taken as 0.89 g/cin

2.5.4 Emulsifying activity and emulsifying stabylit

The procedure described by Volker and Kelin (19%@f used for emulsifying properties. In this stuldg
emulsions were prepared with one gram of each ipremple using 50 ml distilled water and 50 mletedle
oil. The mixtures were homogenized thoroughly atmatemperature for 30 min. Each emulsified samps w
divided equally into 50 ml centrifuge tubes. Conteione 50 ml tube was centrifuged directly at@0@ for 30
min while the other centrifuged under the same itmnms after heating in a water bath at 80oC fom3@ and
cooling to 18C. The heights of the emulsified layers, as a paace of the total height of the material in the
unheated tubes was used to calculate the emulgifytivity and emulsifying stability using the appriate
formula as follows:

Height of emulsion
Height of whole IayerX 100

Emulsifying activity (%) =

Emulsifying stability (%) =He'gh,:‘;‘;gethfmof;ﬂgygfa“”9< 100

2.5.5 Foaming capacity

To study the foam capacity according to the metbfddawhonet al. (1972) a volume of 50 ml of 0.01 M NaOH
was added to five grams of protein samples to didalthem. The mixtures were then thoroughly hoeriged
for 10 min using a laboratory homogenizer, (Sileerdlachines USA, model L4R) set at 10,000 rpm atro
temperature. Homogenized samples were poured @arl measuring cylinders and the volume of foataraf
30 sec was measured. The increase in volume oérbof cylinder was expressed as a percent foamctsp
The procedure was repeated for a five gram eggevelainple of the same moisture content.

2.5.6 Foaming stability

Foam stability was determined by measuring theedeszr in volume of foam as a function of time atrivals of
10, 30, 60 and 120 min (Sulimahal., 2006).

2.6 Experimental design and statistical analysis

Functional properties were determined in duplicates all surface functional properties, sampleiatans
effects were analyzed by one-way ANOVA (no blockjnghile sample and treatment effects were analymed
a two-way ANOVA (no blocking). Significant differeas (p<0.05) between the means of sample variatinds
between variations and treatments were determised) the variance ratio (v.r). Correlations coééfits (r) of
functional properties were obtained. The levelighdicance used was 95%.

3.0 Results and discussions
3.1. Viscographic analysis
3.1.1 Pasting temperature and peak time

The data obtained on pasting characteristics shahatthere were no significant (p<0.05) dose-ddpah
increases in the gelatinization temperatures withénthree levels of irradiated protein-native ctedmixtures.
However, of the three admixtures, the 70P:30S Isleadorded the highest gelatinization temperatof&8.20,
86.60, 91.50, 85.10 and 86.80 C, approximatelyhiwi80 min for 0.00, 2.50, 5.00, 7.50 and 10.00 k&els of
irradiated proteins. The 50P:50S blends recordestrirediate gelatinization temperatures while the:30S
blends had the least gelatinization temperaturesveder, at irradiation levels 2.50 and 5.00 kGyatijeization
temperatures for 30P:70S (76.20 C and 76.35 C) Wgteer than 50P:50S (64.15 C and 63.80 C), fosaea
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that could not be explained in this research (Ejg.The high protein concentration in the 70P:306hdb may
have retarded the gelling ability of the entire teys hence a requirement of higher temperatures of
gelatinization for reasons that probably relaténicreased protein-protein interaction and lessgimgprotein
interaction. Correlation studies indicated thakeardase in starch concentration caused a correispoindrease

in the gelatinization temperatures, while incredasgwotein concentration correlated positivelyhithcreases in
gelatinization temperatures within the blends.

3.1.2 Peak viscosity

Maximum viscosity also decreased with decreasestdarch and increases in protein concentrations. (Big
evidenced by the significant negative correlation ¢1.00) (Table 1) between increased proteinchktaatio and
maximum viscosity. Peak viscosity ranged betweeh@2and 5.00BU. Blends constituted of 30% protaims
70% starch attained the highest values for peatosity at all levels of irradiation. The least wisity values
were observed in the 70P:30S blends while the $X8Pr&corded intermediate values. For instance,5& &Gy
level

protein irradiation the viscosity values for theeth blends, 30P:70S, 50P:50S, 70P:30S were 5528800 and
64.00 BU, respectively. However, across the lewdlsrradiation peak viscosity did not differ sigiaidintly
(p<0.05).

A significant negative correlation of protein wipeak viscosity (r = -0.863, p<0.01) (Table 1) ofrciour had
also been reported earlier by Sandhu and Singh7§28@oteins did not gel when cooked and theredatgbited
very low to almost negligible viscosities. Possjltlye high maximum viscosity observed within thé®?3®S
blend may be attributed to the high starch conetiotn and not to the proteins or the interactiotween the
two biopolymers. This observation also implies ttie less starch within the blend, the less visdhaspaste
upon cooking at optimum temperatures. However, tatpres at which the different blends, each ctutst of
different modified proteins with corresponding ated maximum viscosities, did not differ signifitgn
(p<0.05).

Table 1: Correlation Coefficient (r) of functioraloperties of irradiate Bambara groundnut proteins

Functional

properties SOL WAC OAC FC FS EA ES
SOL -0.67 -0.21 -0.38 -0.04 -0.40 -0.67
WAC -0.67 0.84* 0.92* 0.73 -0.14 0.31
FC -0.38 0.92* 0.87* 0.92* -0.62 -0.21

Values with asterisks (*) are significantly cortteld with each other (p<0.05)
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Figure 1: Gelatinization temperatures of proteareh blends
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Figure 2: Peak viscosity of protein-starch blends
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Figure 3: gel strength at start of holding peridgmtein-starch blends
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Figure 4: Gel strength at the end of final holdpegiod of protein-starch blends

The temperature values ranged between 92.70 arGD@5. Again, all protein-starch admixtures exhitite
increased viscosity during cooling at 500C. Ressiitswed that gel strengths decreased with decgeasinch
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concentrations within blends. The reason advancedttis observation may be as a result of the direc
consequence of the decreasing peak viscositiesdeitheased starch concentrations. Gel strengtallfbtends
generally increased from start of holding peridiptigh the cooling period, to the end of the fihalding
period. For instance, the gel strength of the 308:Blends constituted of 10.00 kGy proteins inadasom
541.00BU at start of holding period to 896.00BUtla end of the final holding time (Fig. 3 and 4imiar
observations were made for the other two blendh pibteins at the various levels of irradiation fehevere,
however, no dose-dependent significant differeng@s®.05) in gel strengths with respect to the iiaet
proteins used to constitute the three differentginestarch admixtures.

3.1.3 Breakdown

Breakdown viscosity values were between 0.00 andoB0 and were higher in the 50P:50S blends witfived

levels of irradiated proteins compared with the :308 and 70P:30S blends. There were dose-dependent
significant differences (p<0.05) in breakdown visityp with respect to the proteins used in constituthe
50P:70S and 70P:30S blends (Fig. 5). However, soogity breakdown was observed in the 30P:70S blend
constituted of 7.50 kGy irradiated protein. Thebsayvations could not also be explained.

3.1.4 Setback and final viscosity

Sethack viscosity, which is the measure of retrdgtian accompanied by syneresis, ranged betweéneh
397.50 BU and had an increasing setback of 70P:80B.50S, 30P:70S.The reason for this observatightm
be that higher starch concentrations encouragetbthwtion of a more ordered structure, which imttrapped
enough water, forming stronger gels with highercesties. This phenomenon may have increased the
tendencies for retrogradation accompanied by sgi®réence the increasing setback viscosity. Howewe
dose dependent significant differences (p<0.05kwecorded for the setback viscosities with resfzettie type

of irradiated protein used in constituting the axtomies (Fig. 6). Results from the pasting charasties of the
protein-starch admixture models suggest the solgentence of the pasting properties on the starch
concentration within the blends, meaning that thetrgbution of the Bambara groundnut starch to fiasting
properties of the blends was greater than thatefrtadiated Bambara groundnut proteins. This seesnggest
that the modified proteins were simply unable tarfestrong gel matrices or gel networks with stasgiperhaps,
due to poor ionic interactions between the indigiduolecules and the poor networking between prgtedtein

and protein-solvent molecules.
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Figure 5: breakdown viscosities of protein-startdnts
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Figure 6: Setback viscosities of protein-starchbte

3.2 Physicochemical and functional properties
3.2.1 Moisture content

Moisture content of various irradiated protein sdapanged from 5.770-5.810% (Fig. 7). Clearlyréhevere
no significant differences (p<0.05) among samplethbefore and after irradiation. This, however,ais
indication that the irradiation procedure had nieafon the moisture content of the samples, eviderby the
negative correlation obtained (r = -0.12) (tableb¥tween irradiation dosage and moisture contenthef
irradiated Bambara groundnut protein samples.

3.2.2 Water and oil absorption capacities

Water and oil absorption generally increased acnoasliation doses with the 10.00 kGy irradiateanpke
recording the highest for both Water Absorption &aty (WAC) and Oil Absorption Capacity (OAC) - 8%
and 10.09% respectively. The increase in the WA® b®as a result of the coupled effect of watepgaton
via existing polar binding sites distributed ovie fprotein surface, and molecular rearrangemedtrigao the
exposure of more polar binding sites, followingadiation (Privalov, 1979). Increases in OAC follogi
irradiation have been recorded for cowpea flourd pastes (Abuet al., 2005) and the trend is similar to what
was observed for this work. Lipophilic tendenciésamples increased with increasing irradiatiorbplidy due
to more exposed hydrophobic sites as scission aadrangement of polypeptides occurred following a
progressive increase in irradiation doses, comptreéle non-irradiated proteins. Figure 8 showdhéigralues
for WAC than OAC in Fig. 9. However, OAC values,like WAC, values did not vary significantly (p<0)05
between any two successive irradiation doses.

3.2.3 Emulsifying activity and emulsifying stabylit

Superior emulsifying properties are desired to makg-like beverages and meat analogues (Fribed@6). In
this

work it was observed that the irradiation causepr@gressive decrease in Emulsifying Activity (EA)da
Emulsifying Stability (ES) for Bambara groundnubfgin samples (Fig. 10 and 11). The non-irradiaguples
(0.00 kGy) recorded lower EA and ES values than 2tfe kGy irradiated samples. The reason for this
observation may be attributed to the predominahtigirophilic nature of the non-irradiated proteiesulting
from excess polar active sites residing on thegimaturfaces thereby causing the bulk of the agsbamd more
compact proteins to reside within the water sidetta interface, hence the reduced emulsion actiaitgl
stability (Friberg, 1976). However, irradiation 260 kGy may have caused unfolding and fragmemtabio
proteins which possibly caused some previously sed@olar sites on the protein to be buried whijeosing
more non-polar sites, thus increasing the emutsifyiroperties only slightly.
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Figure 7: Moisture content of irradiated bambai@ugdnut protein isolates
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Figure 8: Water absorption capacities of irradidiathbara groundnut protein isolates
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Figure 9: oil absorption capacities of irradiateahbara groundnut protein isolates
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Figure 10: Emulsifying activities of irradiated Bbhara groundnut protein isolates
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Figure 11: Emulsion stabilities of irradiated bamgbgroundnut protein isolates

As irradiation increased from 2.50 kGy to 10.00 k@ various degrees of protein unfolding andrfragtation
again might have exposed either too many hydrapbilihydrophobic active sites on protein surfacasising
them to adsorb more, either within the water ordhénterface, thus reducing their emulsifying pesties in a
dose-dependent manner. A negative correlation-(.62 and r = -0.14) (Table 1) was recorded betw@AR

and EA and WAC and EA, respectively, at all leveldrradiation for the same reason of irradiatiodticed
increases in either protein surface hydrophilicityhydrophobicity.

3.2.4 Foaming capacity and stability

Irradiation caused a progressive increase in Fogiapacity (FC) for all protein samples (Fig. 1Zhis
observation may be due, in part, to increased sldfuof the dose-dependent unfolded and fragmemtetetins
towards the air/water interface. Increased unfgdind fragmentation of protein following irradiatjionay have
enabled the formation of more continuous phasethiaf liquid layers which trapped air bubbles, hetice
progressive increases in foaming capacity of iatadl protein samples. The egg white which has kxtel
foaming properties and therefore often used assthadard, recorded the highest FC (95%) and Foaming
Stability (FS) values. The 10.00 kGy irradiated panwhich recorded 80.00% FC exhibited a fairlythability

to foam, therefore could serve as much a foamiegeas the egg white in confectionery productsh asccakes
and breads.
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Figure 12: foam capacities of irradiated Bambamugdnut protein isolates
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Figure 13: foam stabilities of irradiated Bambaraumdnut protein isolates after 10 sec, 10, 3Gr&D120 mins

Foam stability values for each sample decreasegrgssively from 30 sec to 120 min after whippingg(R.3).

Breakdown of foams in a dose-dependent mannertiresfrom drainage of lamella liquid, may have bakie
to the effect of gravitational force on the protemasses obtained from various degrees of unfolding
fragmentation after irradiation. However, foams2d0 kGy protein were more stable than those o &k@®y

over the two-hour period for reasons that could b@texplained. The research showed significant .(&J0
effects of increasing irradiation doses on somethef protein related functional properties, whilestpay

characteristics of admixtures showed no dose-depergignificant (p<0.05) changes. Increases in Waiel

Oil Absorption Capacities (WAC

and OAC) were dose-dependent, with samples shosidgficant differences (p<0.05). The 10.00 kGy pken
recorded the highest values of 18.45% and 10.0980MAC and OAC respectively. Foaming Properties
increased across irradiation doses with some ggunif differences (p<0.05) among samples. Howewe10.00
kGy irradiated samples compared to egg white, dEmbrlower values for foaming properties. Significan
decreases (p<0.05) in emulsifying properties wése secorded after irradiation, with the 2.50 kGymple
recording the highest values of 45.83% and 73.3&%&imulsifying activity and emulsion stability respively.
Pasting characteristics again increased signifiggp&0.05) with increasing starch:protein rati@¥. the three
admixtures, the 70P:30S blends recorded the highelstinization temperatures. Blends constitutedB@¥o
proteins and 70% starch attained the highest valoegpeak viscosity at all levels of irradiationag®ing
viscosities decreased with decreasing starch ctratiems within blends, whereas breakdown viscesitvere
higher in the 50P:50S blends with all five levefdroadiated proteins compared with the other bterfeinally,
setback viscosity was highest for the 30P:70S Ide@dnclusively, correlation studies showed thatghsting
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properties were solely dependent on the starchestdration within the blends, indicating the insfigrant
contribution of modified Bambara groundnut protdimshe pasting properties.
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