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ABSTRACT
Background:Breadisastaplefoodandisconsumedinlargequantitiesbecauseitisaffordable,isan
excellentsourceofnutrientsandisavailableina“readytoeat”form.
Objective:Thisstudyinvestigatedtheeffectofgroundnutproteinconcentrate(GPC)inclusiononthe
keepingqualityofbakedbread.
Methods:Thebreadsampleswereproducedusingstraightdoughmethodfrom blendsofwheatflourand
groundnutproteinconcentrate(%,w/w)atratios100:0,95:5,90:10,85:15,and80:20,with100%wheat
flourservingasthecontrolsample.Subsequently,freefattyacids,proximatecomposition,minerals,
physicalandsensorypropertiesaswellasitsshelfstabilityweredeterminedusingestablishedmethods.
Results:Therewasanincreaseinfreefattyacid(FFA)acrossalltheblendsatday1,2and5.Highestfree
fattyacidwererecordedinblendwith20%groundnutproteinconcentrate7.83,10.10and13.46forday1,
2and5respectively.Highestproteincontentof28.61% wasrecordedinblendwith20% groundnut
proteinconcentrate.Significantly(P<0.05),adecreaseintheloafheightandvolumewasobservedinthe
samplesasstoragetimeincreases.Anincreaseintheloafweightwasobservedforsample90:10and
85:15onthefifthdayofstorage.
Conclusion:Samplewith20%groundnutproteinconcentraterevealedtomaintainitswholesomenessin
termsofsensoryandotherparametersmeasuredduringstorage.
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Introduction
Bread has become the second mostwidely
consumednon-indigenousfoodproductsafter
riceinNigeria(1,2).Thisproductisbasically
madefrom hardwheatflour,yeast,fat,sugar,
saltand water.Itis predominantly rich in
carbohydratesanditisanappropriatevehicle
forfoodfortificationofessentialmacronutrients
andmicronutrients.Wheatisthechoicecereal
formanufactureofbreadbecauseitcontainsa
large amountofgluten,which makes raised
loaves(3).However,whitebreadisconsidered
poorinnutritionowingtoitsdeficiencyofsome
essentialaminoacidssuchaslysine,threonine
andtryptophanaswellasdietaryfiber(4,5)and
hasalsobeenimplicatedfortheincidenceof
celiacdisease(6).
Legumeproteinsaregoodsourcesoflysine,an
essentialaminoacidandthecriticalcriteriafor
useofanyfoodmaterialinfoodprocessingare
its availability and cost.One of the main
challengesfacedbybakeryindustriesinNigeria
isoverdependenceonimportationofwheatto
sustain it,since Nigeria’s climate does not
favourcultivationofwheat(3).Thus,anyeffort
gearedtowardssubstitutingpartofwheatflour
with readilyavailable legume flours in bread
making willbe a welcome idea.The use of
composite flours had a few advantages for

developingcountriessuchasNigeriaintermsof:
i)thesavingofhardcurrency;ii)promotionof
high-yielding,nativeplantspecies;iii)abetter
supplyofproteinforhumannutrition;andiv)
better overall use of domestic agriculture
production(7,8).
Groundnut(Arachishypogae,L.)isthefourth
importantlegumeintheworld.Groundnutsafter
oilextraction leaves a lotofmealcalled as
defattedgroundnutflourwhichcontains50–55
%ofhigh-qualityprotein(9).Groundnutprotein

concentrate(GPC)isextractedorpreparedfrom
groundnutthrough various methods such as
isoelectricprecipitation,aqueousprecipitation,
and alcoholic precipitation (10,11,12,6).
Fortification or enrichment of cerealbased
foods with other protein sources such as
legumeshasgainedconsiderableattentionsin
therecenttimeamongresearchersandseveral
institutions,includingtheFoodandAgriculture
Organization (FAO),(13,14,15,3,6). In
countries such as Nigeria where malnutrition
coupledwithhouseholdfoodinsecuritydueto
insurgency, herders/farmers and communal
clashes pose a serious problem among the
populace,compositeflourswhichhavebetter
nutritionalqualitywouldbehighlydesirable(16).
Ithasalsobeenreportedthatcompositeflour
canbemadefrom legumesandnutssuchas
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soybean,bambara nut,cowpea,african yam
beanetc(17).AlsoOchemeetal(6)reported
that the protein concentrate in defatted
groundnut flour was greater than 70%.
Groundnutprotein concentrate (GPC)can be
successfullyusedinbakedproductstoobtaina
protein-enrichedproductwithimprovedamino
acidbalance.Theobjectiveofthisstudywasto
determinethechemical,physicalandsensory
properties on the keeping quality ofwheat-
groundnutproteinconcentratebread.

MaterialsandMethods
Materials
Groundnuts (Arachis hypogae,L.)and wheat
flour(GoldenPenny)wereobtainedfrom Kure
CentralMarket,Minna,NigerState.
Methods
Preparationofdefattedgroundnutflour
Defattedgroundnutflourwasproducedbased
ontheproceduredescribedbyOchemeetal(6).
The nuts were sorted to remove extraneous
materialsandthenpretreatedfor5minwitha
mixtureof5.25% sodium hypochloriteandde-
ionized water(1:10 v/v)to controlmicrobial
growth.Thereafter,thenutswererinsedwithde-
ionized water (1:3 w/v) and oven-dried
(NL9023AEngland)at50°Cfor24hr.Thenuts
were then roasted at140°C for6 minutes,
decoated manuallyand milled inalaboratory
blender (Sa-1706,China).Subsequently,the
milledgroundnutpastewaswrappedwithfilter
paperand putinside a solventextractor.N-
hexanewasfilledintoafatfreeroundbottom
flaskupto2/3ofthevolumeoftheflask;the
soxhletapparatuswasassembledandallowed
torefluxfor6hourswithheatingmantle(KDM
1000)adjustedto60-700C.Thefilterpaperwas
removedfrom thesolventextractorandspread
forproperdrying.

PreparationofGPC
Groundnutprotein concentrate was produced
usingtheprocedurereportedbyGayoletal(18).
Defattedgroundnutflourwasmixedwithwater
atratio 1/10 (w/v).Then itwas shaken at
ambienttemperatureforanhourandthepHwas
modifiedto4.5with4mol/LconcentrationHCL.
Thesuspensionwascentrifugedat959xgfor
20min.Thesupernatantwasdiscarded,andthe
precipitatewasre-suspendedinwateratratio
1/10(w/v)andstirredatroom temperaturefor
1hoursoastocleartheacid.Thereafter,itwas
centrifuged at3,500 rpm for30minutes.The
supernatantwasdiscarded,andtheprecipitate
wasremovedfrom thetubewithaspatula,dried

in an oven (Gallenkamp oven plusseries)at
40°C,packaged,and stored at4 ± 2°C until
requiredforuse.

PreparationofblendsofwheatflourandGPC
WheatflourandGPCwereblended(%,w/w)at
ratios100:0,95:5,90:10,85:15and80:20,with
100%wheatflourservingasthecontrolsample.
Thesampleswerehomogenizedwiththeaidof
a Kenwood Mixer to obtain homogenous
samples.

BreadloavesProduction
The straight dough method described by
Ihekoronye and Ngoddy (19)was used with
somemodificationtoproducebread.Thebread
sampleswereproducedinbatchesbymixing
andkneadingmanually.Thedoughwasallowed
to restfor15 minutesbeforebeing kneaded
backandthenmouldedintocylindricalshape
afterwhichthedoughwasthenplacedinbaking
pansmearedwithvegetableoilandcoveredfor
the dough to ferment for 1hour at room
temperature,resulting in gas production and
glutendevelopment.Thedoughwasbakedina
cabinetovenpre-heatedandsetat1800Cfor30
minutesafterwhichitwasbroughtoutineach
casefrom theovenandimmediatelyde-panned
by knocking out.The bread samples were
allowedtocooltoroom temperatureandthen
packagedandstoredinpolyethylenebagsfor
furtheranalysis.

Proximateanalysis
Protein,fat,ash,moisture,carbohydrate,fiber
contents,and energyvaluesweredetermined
usingstandardmethods(20).Allexperiments
wereperformedintriplicate.

Determination of physicalproperties of the
breadloaves
The method described by Onwuka (21)was
used to determine the loafvolume ofbread
samples.Aftercoolingfor1hourbyusingmillet
seed in placeofrape-seed displacement,the
weightofeachofthebreadsampleswastaking
with the aid ofa weighing balance and the
volumeofthecontainer(1200mlbeaker)used
wasrecordedasV1(cm3).Thecontainerwas
then filled with milletseed untilthe seeds
starteddroppingfrom thecontainer,astraight
ruler was used to cut-off allseeds above
containerrim so thatthe seeds formed a
Plateauwiththerim ofthecontainer.Theseeds
werethenpouredoutofthecontainer,weighed
andrecorded.
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DeterminationofMineralContent
Themineralcontentofthebreadsampleswas
determinedbythemethoddescribedbyAOAC
(20)usingtheashgottenfrom ashanalysisby
adding few drops ofdistilled water,2mlof
concentratedHCLand10mlof20% HNO3 into
thecruciblewhichwasallowedtoevaporatedon
thehotplate.Whitemanfilterpaperwasusedto
filterthesamplesinto100mlvolumetricflask.
Atomic absorbance spectrophotometer was
thenused to determineiron,magnesium and
calcium. Potassium and sodium was
determinedbycorning400flamephotometers
(22),whilethemethoddescribedbyNielsen(23)
wasusedtodeterminethephosphorusinthe
filtrateusingcalorimetricallywithjenway6100
spectrophotometer.

Sensoryanalysis
Usinga9pointhedonicscale(19),rangingfrom
1(dislikedextremely)to9(likedextremely)was
employedto evaluatetheproductforflavour,
taste,texture,colour(crumb,crust)and the
overallacceptability.A-20semi-trainedpanelof
judges were from randomly selected from
students and staffofthe Department,Food
ScienceandTechnology,FederalUniversityof
Technology,MinnaNigeria,participatedinthe
tasting sessions.Loafsamples were sliced
evenly withoutremoving the crust.Samples
wereplacedonwhiteplatesandidentifiedwith
random three-digitnumbers.Eachpanelistwas

presented with a glass ofwateraftereach
tastingsessiontorinsethemouthinorderto
preventacarry-overeffect.

Storageofbreadloaves
Thebreadsampleswerestoredunderambient
temperatureandobservedfor5days.Physical
propertieswereanalyzedonadailybasiswhile
thefreefattyacids(FFA)wasdeterminedonthe
first,third and fifthdayofstorageusing the
methodofIbitoye(24).

Dataanalysis
Data obtained were subjected to one-way
analysis ofvariance while Duncan’s multiple
range test was conducted to separate the
means. These were achieved using the
StatisticalPackageforServiceSolution(SPSS)
version23.0.

ResultsandDiscussion
Freefattyacid(FFA)ofGPCbreadloaves
Freefattyacid(FFA)resultofbreadispresented
inTable1.Thefreefattyacidofbreadsamples
increased with increase in storage time at
ambient temperature, (25). There was a
significant(P<0.05)differencebetweenthedays
for80:20,85:15withday5recordingthehighest
valuesandday1havinglowestvalue.Similar
trend was also observed in 95:5,but90:10
showsnosignificant(P>0.05)differenceforday
1 and 3 butsignificantly(P<0.05)difference
from day5

Table1Freefattyacidofbreadblendsfordayone,threeandfive

SAMPLE(mg/g/KOH) DAYS

1 3 5

100:0

95:5

90:10

85:15

80:20

5.59±0.01c;b

4.47±0.01c;a

6.72±0.01b;c

6.73±0.00c;c

7.83±0.01c;d

7.92±0.03b;c

5.59±0.01b;a

6.73±0.00b;c

8.97±0.00b;d

10.10±0.00b;e

10.10±0.00a;c

8.97±0.00a;b

7.8±0.00a;a

11.22±0.00a;d

13.46±0.00a;e

Meansonthesamerowwithdifferentfirstsuperscriptaresignificantlydifferent(p<0.05).Meansonthe
samecolumnwithdifferentsuperscriptaresignificantlydifferent(p<0.05).
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ProximatecompositionofGPCbreadloaves
Proximate composition of bread loaves is
presentedinTable2.Moisturecontentofthe
samples ranged from 18.31 to 29.30% with
100%wheatflourhavingtheleastvalueacross
thestoragedays.Significant(p<0.05)increase
inproteincontentofwheatflourwasrecorded
withincreasingGPC.Highestproteincontentof
28.61% was recorded in blend with 20%
groundnut protein concentrate.Sample 20%
GPCwasalsoseentobesignificantly(P<0.05)
highincrudefibreaswellasashcontentafter
thefifthdayofstorage.Theincreasingcrude
fiberwith increasing GPC substitution in the
blendscould also be viewed asa nutritional

advantage considering the effectoffiberin
digestionoffood.Theincreasemaybedueto
thecombinationeffectbetweenwheatflourand
groundnutproteinconcentrate.Onthecontrary,
carbohydrate and fat content decreases
significantly(p<0.05)withincreasingGPCasthe
storageperiodproceeds.Theincreaseinprotein
on the one hand and the decrease in
carbohydrateontheotherhand,wasadirect
consequenceofincreasinganddecreasingGPC
andwheatflour,respectively(26,6).Moistureis
averyimportantfactorinthekeepingofbread
andhighmoisturecanhaveanadverseeffecton
shelfstability(27).Thebreadsampleswiththe
highestmoisturecontentmaythereforehavea
reduced shelf life compared to the other
sampleswithlowermoisturecontent.
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Table2ProximatecompositionofGPCbreadloavesDAY1 DAY5

Parameter
(%)

100:0 95:5 90:10 85:15 80:20 100:0 95:5 90:10 85:15 80:20

Moisture
content

Crude
protein

Crudefibre

Ashcontent

Fatcontent

CHO

21.87d±01

18.97e±0.1

1.03c±0.01

2.30b±0.12

10.28a±0.1

45.55c±0.1

29.30a±0.1

20.23d±0.1

1.30b±0.12

1.34e±0.01

6.87d±0.14

42.30c±0.1

20.69e±0.1

23.48c±1.01

1.04c±0.01

1.84b±0.01

8.21b±0.01

44.74b±0.01

27.23b±0.1

25.74b±0.1

1.34b±0.01

2.03c±0.01

7.28c±0.01

36.38d±0.01

25.60c±0.0

28.61a±0.0

1.56a±0.01

2.49a±0.01

7.23c±0.01

34.51e±0.01e

18.31e±0.1

15.36e±0.1

0.30d±0.12

2.00c±0.58

7.48a±0.01

56.55a±0.01

25.00a±1.5

18.32d±0.1

0.71b±0.14

1.48d±0.01

4.48b±0.01

50.01c±0.01

18.89d±0.1

20.44c±0.1

0.37c±0.09

2.48b±0.01

4.48b±0.01

53.34b±0.01

24.87b±0.1

21.60b±0.1

0.71b±0.14

1.48d±0.01

2.37d±0.01

48.97d±0.01

21.75c±0.3

22.33a±0.1

1.52a±0.01

2.98a±0.01

2.98c±0.01

48.44e±0.01
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SensoryscoresofGPCbreadloaves

Table3,showsthesensoryscoreofthevarious
breadsamples.Colourisanimportantphysical
andsensorypropertyofconcerntoconsumers.
Thecrustcolourofthebreadsamples80:20,
85:15and95:5werehighlyacceptedthan100:0
and 90:10. However,sample 85:15 scored
highest(8.17)acceptance,while90:10recorded
theleastscore(7.61).Thiscouldbeasaresult
oftheinclusionofGPC.Crumbcolourofsample
85:15and100:0washighlyacceptedcompared
totherestofthesampleswithsample85:15
recordingthehighest(8.28)and90:10recorded
the lowest.The acceptability fortexture in

sample100:0washigherthantherestofthe
sampleswithsample80:20and90:10theleast
scoreof(7.69)and(7.67)respectively.Sample
100:0and85:15recordedthehighestnumberof
preference in terms offlavourthan the rest
samples,this could be due to the effectof
fermentation on groundnut.While 90:10 was
less accepted. Sample 100:0 was better
acceptedthantherestsamplesinterm oftaste.
Samples 100:0 and 90:10 have the highest
values foroverallacceptability,while sample
80:20 recorded the lowest.However,sample
80:20revealedtomaintainitswholesomeness
in terms ofthe parameters measured during
storageandassuchcanbeconvenientlystored
forthedurationoffivedays.

Table3:SensoryScoresofGPCbreadloaves
Parameter% 100:0 95:5 90:10 85:15 80:20

Crustcolour 7.94d+0.17 8.00c+0.14 7.61e+0.20 8.17a+0.22 8.06b+0.19

Crumbcolour 8.06b+0.19 7.94d+0.17 7.78e+0.25 8.28a+0.25 7.97c+0.91

Texture 8.17a+0.19 7.94b+0.19 7.67d+0.23 7.78c+0.15 7.69d+0.19

Flavour 8.00a+0.18 7.83b+0.19 7.56d+0.20 8.00a+0.19 7.81c+0.19

Taste 8.11a+0.16 7.89b+0.18 7.72d+0.18 7.83c+0.17 7.81c+0.28

Overall
acceptability

8.50a+0.29 8.00c+0.58 8.50a+0.50 8.25b+0.25 7.75d+0.48

Meansinthesamerowwithdifferentsuperscriptaresignificantlydifferent(p<0.05).
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Figure1LoafweightofGPCbreadsamplesunderstorage

Conclusion
In conclusion,bread loaves produced with
groundnutproteinconcentrate(GPC)inclusion
upto20%,werenutritionallysuperiortothatof
thewholewheatflour.Theeffectsofinclusion
of wheat flour with groundnut protein
concentrate (GPC) flour on the physical
propertiesofbreaddonothaveauniform trend.
However,consumerperceptionandpreference
agrees thatitis quite possible to produce
acceptable bread from groundnut protein
concentrate(GPC)wheatcompositeflourthat
wouldcomparefavourablywellwith100%whole
wheatformulation.Breadloavesproducedwith
groundnutproteinconcentrate(GPC)flourwere
moreshelfstablethan otherbread produced
from lowerlevelofinclusion.
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