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Abstract

This study was aimed to analyze the nutritional and sensory quatigtions of biscuits prepared from composite flour
which consist of sprouted sorghum, soybean and finger millet durimgeéRs (3 months) of storage period. Based on the
physical, nutritional and sensory analysis of preliminary studies, mostrmefiscuit samples were selected for storage
studies. Three replications were prepared for each treatment foralhaten. Those were, T170% Sprouted Sorghum

+ 20% Soybean + 10% Finger millet, T260% Sprouted Sorghum + 30% Soybean + 10% Finger millet; 58%
Sprouted Sorghum + 40% Soybean + 10% Finger millet. These treatwene packed in sealed laminated aluminium foil
for storage studies. Packed biscuits were stored under ambient coodli8o?C average temperature and 70% - 80%
relative humidity for 12 weeks. Nutritional analysestaf biscuits were carried out at two weeks’ interval throughout the
storage period. The results of nutritional analysis showed that, tleeeesignificance differences (p<0.05) between the
tested treatments. These results revealed the declining trends in padteiibef, ash and total sugar and an increasing
trend in moisture content of the biscuits. The organoleptic analysis cantied ihe end of 12 weeks revealed that there
were significant (p<0.05) differences for the organoleptic charadietween the formulations. From the overall
acceptability rating, the biscuit sample prepared from compositeviittu 60% sprouted sorghum flour, 30% soybean
flour and 10% finger millet flour had the highest mean value coedpaith other treatments. There were no remarkable
changes in organoleptic qualities observed up to 12 weeksrafistat 38 C and RH of 70%-80% in this treatment.
Microbial Analysis was done after 12 weeks of storage. Productsneeidfected by any microbial activities. There was
no harmful effect during storage on the quality of the produettdumicrobial growth at ambient temperature. Therefore,
it is safe for the consumption upon 12 weeks of storage. Bastd owitritional, organoleptic and microbial qualities, the
biscuit sample prepared from composite flour with 60% Sprouted Sorflbum 30% Soybean flour and 10% Finger
millet was the best treatment compared to other combinations at the endstoohge period.
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1. Introduction

The consumptionof cerealsnackfoods suchas biscuits,cookiesand shortbreadhasbecomevery popularin

Sri Lankaespeciallyamongchildren. Among thesebiscuitspossesseveralattractivefeaturesincluding wider

consumptionyelatively long shelf-life and good eating quality. The principal ingredientsare flour, fat, sugar
andwater; while otheringredientsinclude milk, salt, flouring agentand aeratingagent.Biscuit is a primarily

flour-basedbakedfood product.It canbe calledeithera "cookie" or a "cracker” in mostcountries Biscuitsare
hard and may be savoryor sweet,suchas chocolatebiscuits,ginger nuts and custardcreams.Thoseare easy-
to-store, easyto-carry, and long-lastingfoods on long journeys.Biscuits are nutritive snacksproducedfrom

unpalatabledoughthat is transformednto appetizingproductthroughthe applicationof heatin an oven.The
principal ingredientsare flour, fat, sugarand water; while other ingredientsinclude milk, salt, flouring agent
andaeratingagent.

Compositeflour is a mixture of different flour from cereal,legumeor root cropsthat is createdto satisfy
specific functionalcharacteristicand nutrient composition.It could be a mixture of cerealswith legumesor

cereals withtubers.The use of compositeflour basedon wheatand other cerealsincluding minor millets in

bakery productsis becoming popular becauseof the economic and nutritional advantagesof composite
flour. The biscuit produced from sprouted Sorghum (sorghum bicolor), Soybean (Glycine max) and
Finger millet (Eleusinecoracana)s nutritionally, healthy and tasty product. The compositeflour, including

abovethreetypes offlour is fulfilled with protein,fiber andminerals(Calciumandlron) specially. Biscuitsare
suchproducts withlow moisturecontentthus havelonger shelflife. But storageconditionshavehugeimpact
on Nutritional quality,Microbial growth and Sensoryevaluationof biscuitspreparedy compositeflour.

Therefore, presentstudy was undertakento assesshe nutritional qualities and consumeracceptability of
biscuits prepareérom compositeflour of SproutedSorghum,SoybearandFingerMillet afterformulationand
during 12 weeksof storageperiod.

2. Materials and method

2.1.Preparatiorof SproutedSorghum,RoastedSoyBeanandFinger Millet Flour

Water soaked sorghumgrainswere allowed to germinatefor 4 days. The sproutedgrainswere groundby a
grinderinto fine flour. Soybeanswvere cleanedand sundried to achieve uniform moisture conte®bybeans
wereroastedandgroundinto fine flour usinga grinderandsievedthrougha sieve.Fingermillets werewashed
well anddriedin sun.Dried grainsweregroundby a grinderandsievedto getfine flour by asieve.

2.2.Preparation oBiscuit
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Biscuits were preparedby using the creaming method. After the preparationof biscuits, were packed
separatelyin laminated aluminium foil according to the treatmentsand labeled individually. Different
combinationof biscuitswereassessetbr organolepticphysical,microbialandnutrition qualities.

2.3.Quality Analysisof StorageBiscuit

Biscuits were analyzed for nutritional qualities such as moisture, ash, protein, fat and fiber by
proximate analysisPhysicalparametersuchasdiameterthicknessyolume,densityandspreadatio andthirty
trained panebf judgescarriedout organolepticevaluationof quality factorssuchascolor, taste texture,flavor
and overallacceptabilityby seven-pointhedonicstructurescale.Total plate count was done for the biscuit
samples anthe plateswereobservedafterfour daysfor platecount.

2.4. StatisticalAnalysis

Dataof the quality analysisandstoragestudywereanalyzedby Analysisof Variance(ANOVA) (a = 0.05)and
meanseparationwas donewith Duncan’s Multiple RangeTest (DMRT). Datarelatedto sensoryevaluation
wereanalyzedusingthe Turkey’s test.

3. Results and Discussion
Basedon the nutritional and organolepticanalysisof freshly madebiscuits,the mostpreferredthreetreatments

and control treatment were selected for storagestudies.They were packed in laminated aluminumfoil and
storedat ambientconditionof 30°Cand70 - 80% RH. Most preferredireatmentsareasfollows:

To - 100%Wheatflour (control)
T1 - 70% Sproutedsorghun+ 20% Soybeant 10% Fingermillet
Tz - 60% Sproutedsorghum+ 30% Soybeant+ 10% Fingermillet

T3 - 50% Sproutedsorghum+ 40% Soybeant+ 10% Fingermillet
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3.1.ProteinChangergluring Storage
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Figure: 1. Changes in Protein Content during StoRegeod

The variousflour proteinspresentin Sproutedsorghum-soybean-fingenillet flour canundergochangessuch
as protein cross linking, protein-carbohydrateinteraction, and nonenzymatic browning and protein
denaturationduring processingand storagecondition. Changesthat occur in proteinsduring processingand
storageareendogenouandexogenougnzymaticactivities,chemicalreactionsand modifications,pH changes,
salt effects, storage-fungicontamination,and temperature Proteinsundergo denaturationby reaction with

hydro peroxidegndproduceobjectionableodorsandoff-flavor developediuring storage.

Finot (1997) considerghat the loss of aminoacidsduring storageis largely the resultof the Maillard reaction
leadingto formationof complexegesistanto enzymaticdigestion.Accordingto DMRT, the proteincontent of
biscuits was decreasedsignificantly (p < 0.05) through the storageperiod. This may be due to interaction
betweenreducing sugarsand amino acids (Millard reaction). Also it is a major course of quality and
degradation ofmany nutrientsin food. Millard reactionmakesthe loss of protein stability. (Fennema1996)
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3.2.Fiber Contentduring Storage
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Figure: 2. Changes in Fiber Content during Storagede

According to DMRT, there was a slow decreasein T2 and T3 treatments.In T1, there was a
significant differencéetweendth, 6th and8th weeksduring storage Therewasa slight changen fiber content
of all treatmentsluring storage.

Dietary fiber is that part of plant materialin the diet which is resistantto enzymaticdigestionwhich includes
cellulose,noncellulosic polysaccharidesuchas hemicellulose pectic substancesgyjums, mucilagesanda non
carbohydratecomponentlignin. Processingof the cerealsand legumesaffectsto the fiber content. Thermal
effectleadsto degradatiorof bondsin polysaccharidehains.

3.3.FatContentduring Storage
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Figure: 3. Changes in Fat Content during Storag®&eri

Lipid moleculesundergadifferentchemicalreactionsduring processingstartingfrom separatiorfrom their raw
sourcesto storage. These changesin lipids occurring during processingand storage can be desirable
and undesirablesuch as Hydrolytic Rancidity, Oxidative Rancidity, Cis —Tran’s isomerizationand Colour
fixation. (Ekezie 2015)

Accordingto DMRT, therewasslight changeof fat in T2 treatmentFatcontentin T1 andT3 treatmentsvere
significantly decreasedhroughoutthe storageperiod. Reductionwas due to the oxidation of unsaturatedatty
acidswith atmospherioxygenandmoistureuptake.

3.4.Moisture Contentduring Storage
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Figure: 4. Changes in Moisture Content during StoReyéod

Accordingto the DMRT, moisturecontentwasincreasedsignificantly (p<0.05)throughoutthe storageperiod.
Therewasno changesignificantly in moisturecontentof T2 and T3 from 4th weekto 12thweekandtherewas

asignificantchangen T1 duringthe storageperiod.

Biscuits are very hygroscopicin nature.Therefore,they mustbe protectedfrom the atmosphereo preventor

delaythe moisturepick up. The moisturecontentof food productsis changedvhenthereis a moisturegradient
outsideand inside of the product. Fennema1996), statedthat low and intermediatemoisturefoods, suchas
bakery products, the ability of proteins to bind water is critical to the acceptability
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3.5.Ash Contentduring Storage

Ash contentof the productis relatedto mineralcompositionof that product.The changesn ashcontentof the
biscuits during storageare shownin Figure 5. The ash contentof all the treatmentswas slightly decreased
during thestorageperiod. According to DMRT, there were no significant differencesin T1, T2 treatments
throughout thestorageperiod.
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Figure: 5. Changes in Ash Content during Storage &erio

3.6.Total SugarContentduring Storage

Considerableamountof sugarwas addedto doughmixture during preparingof biscuits. The changesn total
sugarsof biscuitsare shownin figure 6. Accordingto DMRT, therewasa significant(p<0.05)decreasén total

sugar content throughout the storage period.
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Figure: 6. Changes in Total Sugar Content duringa§®Period

There was a significant difference in T1 and T3 during the storage period. This was caused by
thermal degradationf total sugarsand sugarpolymerizationreactionduring roasting.Maillard reactionis also
oneof thereasongor thereductionof total sugarcontentof biscuits.

4. Organoleptic Analysis of Biscuits during Storage

Organoleptioqualitiesanalysisfor the biscuitspreparedrom sproutedsorghum-soybeaandfinger millet flour

wasdoneafter 12 weeksof storageperiodby the panelof 30 semi-trainedudges.The panelevaluatedcolour,

texture,taste flavour andoverall acceptability A seven-poinhedonicscalewasusedfor this purpose Sensory
character®f biscuitsstoredat ambienttemperaturevere changedslightly thanfreshly madebiscuits.Because
Maillard reaction, lipid oxidization, reduction in total sugar content, moisture uptake and other
chemical reactiormay changethe sensoryqualities of the biscuits during the storageperiod. Berger (1970)

reportedthat moistureuptake and gas exchangewere causeof off odour developmentin biscuits. Maillard

reactionhasimpact onsensorygualities(Fennemal996).

Table: 1. Organoleptic Characteristics of Biscafter 12 weeks of Storage at Ambient Temperature

Overall

Treatments Texture Flavor Taste Colour .
Acceptability

T 470 +0.54° 6.16+0.26° 5.80+0.29° 4.36+0.63° 5.10 + 0.35°

T2 5.96+0.25° 5.06+0.36° 6.33+0.26° 5.66 +0.34° 5.90 +0.38°

T3 4.56+0.54° 3.50+0.46° 5.66+0.32° 6.26+0.28°  4.50 +0.56"

The means with the same letters are not significantly different from each other at 5% level based on Tukey’s Test

4.1. Texture

Textureis oneof the mostimportantparameteiconnectedo productquality. The crusttextureof biscuitswas
relatedto the externalappearancef biscuit, which is smoothnes®r roughnesof the biscuit. Biscuit'stexture
analysisrevealedthat there was a significant changein texture when increasingthe percentageof soybean.
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4.2.Colour

Color is very importantparameterin judging the properly baked biscuits not only reflectsthe suitableraw
materialusedfor the preparationbut also provide information aboutthe quality product. An attractivecolor
leadsto the gooddemandfor the product.The color of biscuitswaschangedo light brownto someamountof
slightly dark brownwhenincreasingthe proportionof soybearflour. Accordingto Tukey stest,therewasano
significantdifferencebetweencontrolandothertreatments.

4.3.Taste

Tasteis the primary factor which determineghe acceptabilityof any productwhich hasthe highestimpactas
far asmarketsucces®f productimpact. Accordingto Tukey stest,100%wheatflour biscuithadhighestmean
value (5.40) of tasteandthe biscuit preparedrom 60% sproutedsorghum,30% soybearand 10%finger millet
(T2) hadthe highestmeanvalue(6.33)for taste.

4.4.Flavor

Sensoryimpressionof food andis determinedprimarily by the chemicalsenseof tasteandsmell. Therewasa
no significantdifferencein controltreatmentand treatmentsAccordingto Tukey stest,100% wheat flour
addedbiscuithadhighestmeanvaluefor flavor followed by the biscuit preparedrom 50% sproutedsorghum,
40% soybearand10%finger millet flour hadthe leastmeanvaluefor flavor.

4.5.Overall Acceptability

Overall acceptabilityincludesmany implications, which is importantparametelin sensoryevaluation.There
was no significant difference amongcontrol and treatments According to Tukey'stest, T2 had the highest
mean valuandT3 hadlowestmeanvalue.

5. Microbial Analysis of Biscuits during Storage

Microorganismsplay a significantrole in determinatiornof shelflife. They aremainly causedo food spoilage.
A high aerobicplate countindicatesthe presencemixed populationof micro-organismsvhich may consistof

spoilagetypes.The microbiologicalexaminationafter 12 weeks sstorageperiod,in termsof total plate count
revealedthattherewasno evidencefor any microbesobservedn the storedbiscuit samplesProcessesuchas
roastingandbaking at high temperaturalestroyedarge numberof micro-organismsTherefore thesebiscuits
weresuitablefor consumptionTotal PlateCount(TPC) of cookieswasexaminedon 1, 2 and3 months’ period
(Chandruet al. 2010).Limits of microbial countshavebeenrecommendedh mostfoodsto keepthemsafefor

consumption(Ogunjobi and Ogunwolu,2010). The productshould howeverbe well kept after processingn

suitablepackagingmaterialscapableof preventingcontaminationand the subsequenproliferation of spoilage
microorganisms.
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6. Conclusion

Productionof biscuitsby using compositeflour including cerealsand legumesprovidesbetter nutrition and

healthyvaluefor the childrenandadultsin developingcountrieslike Sri Lanka.A biscuit preparedrom such

compositeflour providesvaluablecontributionto the diet. Eventhoughbiscuitshavelow moisturepercentage
comparedto other nutritive products,it needsto store well in order to conservethe nutritive, sensory
and microbialproperties Sothis studywascarriedout to find suchquality changergluring 12 weeksof storage
periodunderambientenvironmentatondition.

Based on the nutritional and organoleptic quality characteristicsof preliminary studies, most preferred
treatmentf nutritionally enrichedbiscuit samplessuchas T1-70% SproutedSorghum+ 20% Soybeant 10%
Fingermillet, T2 - 60% SproutedSorghum+ 30% Soybeant+ 10% Fingermillet, T3 - 50% SproutedSorghum

+ 40% Soybeant 10% Finger millet with control treatmentwere selectedand subjectedto storagestudiesin
ambientconditionsat 30°C and70 - 75% RH for 12 weeksto evaluatethe shelflife of the biscuits.

Nutritional analysisof the biscuitswascarriedout at two weeks’ interval throughoutthe storageperiod. During

the storageperiods, the nutritional parametersvz: protein, fat, fiber, ash and total sugar contentswere
decreased anrthoisturecontentwasincreasedn the biscuit samples.The organolepticanalysiscarried out at

theendof

12 weeksrevealedthat therewere significant (p<0.05) differencesfor the organolepticcharacterdetweenthe

formulations. Fromthe overallacceptabilityrating, the biscuitsamplepreparedrom compositeflour with 60%
sproutedsorghumflour, 30% soybearflour and 10% finger millet flour hadthe highestmeanvalue compared
with othertreatmentsTherewere no remarkablechangesn organolepticqualitiesobservedup to 12 weeksof

storageat 30°C andRH of 70%-80%in this treatmentMicrobial analysiswasdoneafter 12 weeksof storage.

Biscuits were not affectedby any microbial activities becausef low moisturecontent.Therewas no harmful
effect during storageon the quality of the productdueto microbial growth at ambienttemperatureProcesses
suchasroastingandbakingat high temperaturalestroylarge numberof micro-organismsTherefore,it is safe
for the consumptionupon 12 weeksof storage.The biscuit with 60% SproutedSorghumflour, 30% Soybean
flour and10% Fingermillet wasthe besttreatmentbasedon nutritional and organolepticqualitiescomparedo
biscuitspreparedrom the compositeflour of othercombinationsatthe endof storageperiod.
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