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EvaluationofPhysical, Textural,ColourandSensoryAttributes of

Multi-Millet Based Composite Flour Cookies

Abstract

This study investigates the influence of multi-millet flour incorporation on the physical,
textural,color,andsensoryattributesofcookies.Cookieswerepreparedusingcompositeflours
made from blends of whole wheat, sorghum, pearl millet, finger millet, and soybean flours in
thefollowingproportions:(T1)75:10:05:05:05,(T2)75:05:10:05:05,(T3)75:05:05:10:05,(T4)
60:15:10:10:05,(Ts5)60:10:15:10:05,(T6)60:10:10:15:05,(T7)45:20:15:15:05,(Ts)
45:15:20:15:05, (Tg) 45:15:15:20:05, with 100% whole wheat flour as the control (To).
Substitutingwheatflourwithamilletflourblendreducedthecookiesweightandspreadratio, while it
increased the diameter and thickness. Textural analysis revealed a reduction in hardness, as
evidenced by lower penetration and cutting forces, in cookies made with millet- based
composite flours. As the proportion of millet increased, the cookies colour became darker,
characterized by a decrease in lightness (L*) and yellowness (b*), and an increase in redness
(a*). Sensory evaluation identified treatment Tgcookies as the most preferred, with improved

scores for colour, appearance, texture, and flavour.

Keywords: Composite flour, cookies, millet flour, wheat substitution, physical attributes,

textural analysis, colour characteristics, sensory acceptability.

1. Introduction

People are becoming more aware of how diet affects their health, leading to a higher
demandfornutrient-richfunctionalfoodoptions,thosethatofferhealthbenefitsbeyondbasic
nutrition (Ndife, 2009). The challenge lies in formulating such snack products that are
nutritious, economically affordable, and attractive to consumers. Among the snack items,
cookies are one of those which are shelf-stable, affordable, and convenient, making them
popular among people of all age groups (lwegbue, 2012). Originating from the Dutch word

'Koekje,'theterm'cookie'describessoftbiscuitstraditionallymadewithwheatflour,sugar,
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hydrogenated fat, and additional ingredients (Mitkal et al., 2021). The global cookies market
hasexperiencedconsistentgrowth,withrevenuesincreasingatacompoundannualgrowthrate
(CAGR) of 5.2%, from 39.8 billion USD in 2022 to a projected 62.2 billion USD by 2032
(Anonymous, 2024.), highlighting a continued global preference for cookies as a snack.
Cookies provide an effective means of incorporating alternative flours, offering a convenient
approachtoenhancenutritionalvalue(Arshadetal.,2007;Dhillonetal.,2018).Refinedwheat flour,
commonly used in bakery products because of its gluten content, which contributes to the
products typical texture, flavour and physical attributes (Jemziya and Mahendran, 2017).
However, it lacks significant levels of dietary fiber and micronutrients, which results in
productsmadewithrefinedwheatflourhavinglowerfat, fiber,andmineralcontent(Alietal..,
2013).Consequently,itisimportanttosubstituterefinedwheatflourwithhigher-qualityflours to
improve the nutritional value of bakery products. The demand for better alternatives,
including gluten-free cookies made with high-quality ingredients is rising. According to the
Market Intelligence Report for Biscuits (Anonymous, 2019), while the wheat segment
dominates the market, the multigrain segment is expected to grow substantially.

Composite flour has been shown to offer superior nutrient density, including higher
levels of fiber, minerals, proteins, and vitamins, compared to flour made from a single cereal
type (Shanthi et al., 2005). The term 'Composite Flour Technology' refers to the practice of
blendingdifferentflourstoeffectivelyutilizelocallyavailablerawmaterialsintheproduction
ofhigh-qualityfoodproducts.Formulatingcompositefloursiscrucialfordevelopingproducts
withenhancedfunctionalityandaddednutritionalvalue(Rehmanetal.,2007).Millets,known  for
their significant nutritional and health advantages, can improve the nutritional profile and
modify the properties of composite flours, making them ideal for the production of bakery
products such as cookies (Saleh et al., 2013; Vijayakumar & Mohankumar, 2009).

Milletshaverecentlygainedrecognitionfortheirexceptionalnutritionalvalue,serving as a
rich source of protein, fiber, vitamins, and minerals.Their gluten-free nature makes them
particularly suitable for individuals with celiac disease (gluten intolerance). Furthermore,
millets are associated with numerous health benefits, including anti-cancer, antioxidant,
antihypertensive and cholesterol-lowering properties (Rao & Deepika, 2016). The
carbohydrates in millets are primarily complex and characterized by a low glycemic index,
contributing to effective blood sugar management (Michaelraj and Shanmugam, 2013).
Renowned fortheir high levels ofphytochemicals and essential amino acids, millets areoften

referredtoas”Nutri-Cereals"becauseoftheirimpressivehealthadvantages(Singhetal.,
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2012). Acknowledging these extensive benefits, the United Nations declared 2023 as the
"International Year of Millets", to encourage global and domestic demand while promoting
healthier dietary habits (Anonymous, 2022,).

Composite flours offer numerous advantages, while a key challenge lies in ensuring
that the formulated products meet acceptable standards of physical and sensory attributes
(McWattersetal.,2003;Arshadetal.,2007;Dhillonetal.,2018). Thisstudyaimstoevaluate the
impact of millet-based composite flours on the physical, textural, colour and sensory
characteristicsofcookies. These attributes are essential in determining the overall quality and
consumeracceptanceofthefinalproduct. Theresearchseekstoprovidepracticalinsightsinto
howdifferentcombinationsofmillet-basedcompositefloursaffecttheseproperties,helpingto
develop multi millet-based cookies that are appealing to consumers while promoting the

sustainability of bakery products.

2. MaterialsandMethods

Material

Cookies were formulated using a composite flour comprising whole wheat, millet
grains (such as sorghum, pearl millet, and finger millet), and soybean as a protein-enriching
component.Otherrawmaterialsusedincookieproductionconsistedofsugar,water,shortening agent
(hydrogenated vegetable fat/vanaspati ghee), and leavening agents, including sodium
bicarbonateandammoniumbicarbonate. Theseallmaterialweresourcedfromthelocalmarket  in
Rahuri, Maharashtra. The grains were carefully cleaned and subsequently milled with an
electric grinding mill. Thefinely grounded flours were stored safely in airtight container until
furtheruseforexperiment. Theresultingfineflourswerecarefullystoredinairtightcontainers to
ensure their quality was maintained until required for experimentation. The instruments
needed for the research were provided by Department of Agricultural Process Engineering,

Mahatma Phule Krishi Vidyapeeth, Rahuri, Maharashtra.

Particulars Wheat Sorghum | PearIMillet | FingerMillet | Soyabean
Energy(Kcal) 341.0 349.0 361.0 328.0 432.0
Ash (g) 16 2.0 2.0 3.0 4.0
CrudeProtein(g) 12.5 11.0 12.0 8.0 43.0




CrudeFat (g) 19 3.2 51 1.6 18.0
CrudeFiber(g) 2.1 2.7 2.0 3.6 4.0

Carbohydrate(g) 74.2 72.0 67.5 72.6 23.0
Iron(mg) 4,01 5.0 7.49 4.6 10.0
Calcium(mg) 39.36 25.0 42.0 344.0 240.0

TablelNutritionalprofileofselectedgrainsper100g
(Source:Anonymous,2015,,Anonymous, 20155, Anonymous,2022p;Saladivaretal., 2016)

Milletbasedcompositeflourcookie’sformulationandpreparation
Thecompositeflourusedforcookiepreparationwasformulatedby partiallyreplacing
wheat flour with sorghum flour, pearl millet flour, finger millet flour, and soybean flour in
varyingproportions,asoutlinedinTable2. Thewholewheatflour,withnosubstitutions,served as the
control sample (To).The cookies were prepared using the method outlined by Chavan
etal.,(2016),withslightmodifications. Thequantitiesofrawingredientsusedinthecookie’s
preparation are detailed in Table 3. Hydrogenated vegetable fat, powdered sugar and water
werefirstmixedthoroughlyandthencombinedwithablendofflour,sodiumbicarbonate,and
ammoniumbicarbonate. Themixturewaskneadedtoformauniformdough,whichwasrolled
intoasheetandshapedintocircularpiecesusinganimpressioncutter. Thecookieswerebaked in an
electric rotary baking oven (Konark Heat System, India) at 180°C for 18-20 minutes. After
baking, the cookies were allowed to cool at room temperature and were subsequently stored

in airtight packets to maintain their quality.



Table2Compositeflourblendingcombinationforpreparationofcookies

Treatment | Wheat(%) | Jowar(%o) Bajra(%o) Ragi (%) | Soyabean (%)
To 100 0 0 0 0
T 75 10 05 05 05
T2 75 05 10 05 05
Ts 75 05 05 10 05
Ta 60 15 10 10 05
Ts 60 10 15 10 05
Ts 60 10 10 15 05
T7 45 20 15 15 05
Ts 45 15 20 15 05
To 45 15 15 20 05
Table3Quantityofrawingredientsrequiredforthecookie’spreparation
Sr.No. Rawingredients Quantity (%)
1) CompositeFlour 100
2) Shorteningagent(HydrogenatedVVegetableFat) 50
3) Sugar 50
4) Sodiumbicarbonate (NaHCOz) 0.5
5) Ammoniumbicarbonate(NH4sHCO3) 0.5
6) Water Asperthe requirement

Physicaleharacteristicsofmulti-millet cookies

The physical characteristics such as weight (g), diameter (mm), thickness (mm) and

spread ratio of developed cookies were evaluated using the methods described under Chavan

et al., (2018). Randomly selected cookie samples were evaluated for their dimensions,

including diameter and thickness, using a digital vernier calliper, while their weights were

determined with a high-precision weighing balance. The spread ratio of cookies is calculated

as the ratio of the average diameter to the average thickness (D/T).

Diameter(mm)

SpreadRatio=

Thickness(mm)

. Q)




Texturalcharacteristicsofmulti-milletcookies

Texturalanalysisofthecookieswascarriedouttoassesspenetrationandcuttingforces using
a TextureAnalyzer (TMS-Pro, Food Technology Corporation, USA, 500 N capacity).
Thecookiesampleswerepositionedontheloadingcell,andacompressiveforcewasapplied. The
textural parameters were measured with a crosshead speed of 50 mm/min, a maximum load
cell force of 1 kg, and a compression distance of 75%. The maximum force required for
penetrationandcuttingofthemulti-milletcookieswasrecordedandexpressedinNewton(N)
(Karma et al., 2018).

Colourcharacteristicsofmulti-milletcookies

The developed multi-millet cookies were evaluated for colour variation against the
control sample using a Colour Scanning Machine (Premier Colourscan, India). The
InternationalCommissiononlllumination(CIE)givencolourvalues(L*,a*,b*)wereassessed
according to the method described by Chavan et al., (2018). Luminance (L*) corresponds to
thetransitionbetweenlightness(+)anddarkness(-),whilea*representstherangefromredness (+) to
greenness (-), b* reflects the variation between yellowness (+) and blueness (-). The
calorimeter was calibrated forwhiteand black standards.Oncecalibrated, thecookiesamples
were placed in a holder cup and accurately positioned on the scanning aperture. The colour
deviation (AE*) of the various samples compared to the control sample was measured and

showed on the software interface.

Sensoryevaluationofmulti-milletcookies
The sensory qualities of the prepared millet-based composite flour cookies were
assessedincomparisontothecontrolsampleusingaquantitativedescriptiveanalysismethod.
Apanelofsemi-trainedevaluatorsassessedcharacteristicssuchascolour,appearance,texture,
flavour, and overall acceptability on a 9-point hedonic scale. The panel consisted of students
and faculty members from the Department of Agricultural Process Engineering, Mahatma
Phule Krishi Vidyapeeth, Rahuri, Maharashtra. The acceptability of the cookies was decided

by averaging ten individual scores.

2.7Statisticalanalysis

The data obtained from the physical characteristics, textural, and colour analysis were
subjectedto statistical analysis using one-wayANOVAwith a CompletelyRandomized Design
(CRD)at sig <0.05 to determine the effect of treatments compared to the control (Panse and

Sukhatme, 1967). Each measurement was conducted in triplicate.
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Fig.1Samplesofmulti-milletbasedcomposite flourcookies

3. ResultsandDiscussion
Effectofmulti-milletflourinclusion onphysicalattributesof cookies
The influence of various millet flour blend combinations on the physical attributes of

cookies,includingweight,diameter,thickness,and spread ratiowereevaluatedand areoutlined in

Table 4.
The data in Table 4 reveal that an increasing millet proportion in the composite flour

Weight(g)
ledtoamarkeddecreaseintheweightofthecookies,withtheaverageweightrangingfrom
10.53 g to 9.93 g. The cookies of control treatment (To), composed of 100% wheat flour,
exhibited the highest weight (10.53 g), while the lowest weight (9.93 g) was recorded for
treatment To cookies. The observed decrease in the weight of millet-based cookies could be
attributed to higher moisture loss during baking (Arepally et al., 2023), as millets possess a
lower water-binding capacity compared to wheat (Kumar et al., 2015; Thilagavathi et al.,

2015).According toArepally et al. (2023), the inclusion of a millet flour blend (pearl millet,
barnyard millet, kodo millet, and fingermillet)in cookiesled to a reduction in their weight in

comparisontothecontrolsample.Asimilartrendofreducedweightofcookieswasreported
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by Kulthe et al., (2017) and Kulkarni et al., (2021) for pearl millet, as well as by Adeyeye

(2016) for sorghum-incorporated cookies.

Diameter(mm)
Tabledillustratestheinfluenceofdifferenttreatmentsinvolvingvaryingcombinations  of
wheat and millet blends on cookie’s diameter. The average diameter of the cookies across the

treatments ranged from 46.35 mm to 48.31 mm. The control treatment cookies (To) exhibited

the smallest diameter (46.35 mm), while the largest diameter of 48.31 mm was observed for
treatment Tgcookies. The results suggested that an increase in the proportion of millet in the
composite flour led to an increase in the diameter of the cookies. The observed increase in
cookie diameter may be linked to the lower viscosity of millet-composite flour in
comparisontowheatflour (Chauhan etal.,2016; SoumyaandMamatha,2022).Accordingto
Aljobair (2022), cookies with a higher percentage of sorghum flour in the composite flour
demonstratedanincreaseddiameter,whilethosemadewith100%wheatflourhadthesmallest

diameter.Asimilar trend of increased cookie diameter was reported by Joseph and Waghray
(2022)withtheincorporationoflittlemilletandsorghum,andbySoumyaandMamatha(2022) ~ with

the inclusion of foxtail millet.

Thickness(mm)
TheresultspresentedinTable4demonstratethatreplacingwheatflourwithmilletflour
athigherlevelsledtoanotableincreaseincookiethickness,withtheaveragethicknessranging  from
6.95 mm to 7.77 mm. Among all treatments, the smallest thickness (6.95 mm) was recorded
for control (To) treatment cookies, while treatment Tocookies exhibited the largest thickness
(7.77 mm). Millets areknown to have ahigher fiber content, which may restrict the spread of
cookies, resulting in cookies of increased thickness (Aljobair, 2022; Kulthe et al., 2017).
Joseph and Waghray (2022) noted that cookies made with composite flour including blend of
little millet and sorghum flour were thicker than those made with wheat flour alone.

TheresultsareinagreementwithAljobair(2022),ascookiesmadewithmillet-compositeflour
(including higher proportion of sorghum flour) showed rise in cookie thickness. Kulthe et al.,

(2017) also reported similar trend of increased thickness for pearl millet incorporated cookies

SpreadRatio (D/T)
The spread ratio of cookies refers to the ratio of diameter to thickness of cookies.The
results shown inTable 4 suggested a clear trend of reduction in the spread ratio of cookies as

themilletproportioninthecompositeflourincreased. Theaveragespreadratioofcookies



preparedwithvaryingmilletproportionsrangedfrom6.67t06.21. Thecontroltreatment(To),

consisting of 100% wheat flour, exhibited the highest cookie spread ratio (6.67), while

treatment Tocookies showed the lowest spread ratio of 6.21. The spread ratio of cookies is

notablyinfluencedbyfactorssuchastheirdiameter,thickness,andtheglutennetworkofflour

(Ahmad et al., 2021). Millets, recognized for their high fiber content, may interfere with the

gluten network and reduce the water available for gluten hydration, potentially leading to a

lowerspreadratioincookies(Arepallyetal.,2023;Sharmaetal.,2013).Arepallyetal.,(2023)

reported a similar trend of reduced spread ratio with the inclusion of a millet flour blend

(comprising barnyard millet, pearl millet, kodo millet, and finger millet).in cookies. Kulkarni

etal.,(2021)and Adeyeye(2016)alsoobservedadecreaseinthespreadratioofcookieswhen

pearlmilletflourandsorghumflourwasincorporatedintocompositeflourblend,respectively.

Table4Physicalattributesofcookiespreparedwithmulti-milletcompositeflour

Treatment Weight (g) Diameter(mm) |- Thickness(mm) | Spreadratio(D/T)
To 10.53 46.35 6.95 6.67
T1 10.39 46.99 7.26 6.47
T 10.35 47.03 7.24 6.50
T3 10.33 46.97 7.29 6.44
T4 10.21 47.48 7.49 6.34
Ts 10.17 47.52 7.46 6.37
Te 10.14 47.45 7.53 6.32
T, 9.99 48.29 7.74 6.24
Ts 9.97 48.31 7.71 6.27
To 903 48.26 7.77 6.21
S.E. 0.041 0.086 0.046 0.043
C.D.@5% 0.123 0.254 0.138 0.126

(Note: n=3;:S.E.(m)- Standard Error at Mean; C.D.- Critical Difference)
W-Wheat;S-Sorghum;PM-PearIMillet;FM-FingerMillet;Sh-Soyabean
Ts-(W:S:PM:FM:Sb):(60:10:15:10:05);

To-(W:S:PM:FM:Sb):(100:00:00:00:00);

T1-(W:S:PM:FM:Sh):(75:10:05:05:05);
T2-(W:S:PM:FM:Sb):(75:05:10:05:05);
T3-(W:S:PM:FM:Sb):(75:05:05:10:05);
T4-(W:S:PM:FM:Sb):(60:15:10:10:05);

Te-(W:S:PM:FM:Sb):(60:10:10:15:05);
T7-(W:S:PM:FM:Sb):(45:20:15:15:05);
Te-(W:S:PM:FM:Sh):(45:15:20:15:05);
To-(W:S:PM:FM:Sb):(45:15:15:20:05)

Effectofmulti-milletflourinclusionontexturalcharacteristicsofcookies

The textural assessment of cookies is essential forguaranteeing consumer satisfaction

andensuringuniformproductquality. Thetextureanalysisinthisstudyfocusedontwokey
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parameters, i.e., penetration force (N) and cutting force (N), which offer an understanding of
the hardness profile of the millet-based cookies.The findings from the textural evaluation are
illustrated in Table 5. The control treatment (To) cookies, composed entirely of wheat flour,
demonstrated the highest penetration force (50.05 N) and cutting force (57.23 N), reflecting a
cookies harder texture. Meanwhile, the lowest values for penetration and cutting force, 25.54
N and 33.46 N, respectively, were observed for treatment Tg. These findings demonstrate a
noticeabledecreaseinthehardnessofcookiesastheproportionofmilletinthecompositeflour

increased.The decrease in hardness of cookies made with composite flour is likely due to the
highfibercontentofmillets,whichmaycausedisruptionintheglutennetworkbydilutingthe  gluten
proteins (Hussain et al., 2020; Jan et al., 2015). These findings are in agreement with the
results ofArepally et al., (2023), which showed that the inclusion of a millet flour blend
(consisting barnyard millet, pearl millet, kodo millet, and finger millet) reduced the hardness
ofcookiescomparedtothosemadewithwheatflouronly.Shimrayetal.,(2012)suggestedthat

thebrittleness ofbiscuits containing fingermillet flourmayresult fromthebinding oftannins and
phytates in finger millet to gluten proteins, thereby reducing the dough's cohesiveness.A
similartrendofdecreasing hardnesswasobserved incookiesmadewithpearlmilletflourand

sorghum flour, as reported by Hussain et al., (2020) andAljobair (2022), respectively.

Treatment PenetrationForce(N) CuttingForce(N)
To 50.05 57.23
T1 37.80 46.55
T 36.37 45.42
T3 37.03 46.21
Ta 31.61 40.15
Ts 30.42 38.96
Te 30.98 39.55
T7 26.76 34.69
Ts 25.54 33.46
To 26.05 34.17
S.E. 0.180 0.204
C.D.@5% 0.531 0.602

Table5Texturalcharacteristicsofcookiespreparedwithmulti-milletcompositeflour

(Note: n=3, S.E.(m)- Standard Error at Mean; C.D.- Critical Difference)
W-Wheat;S-Sorghum;PM-PearIMillet;FM-FingerMillet;Sb-Soyabean
To-(W:S:PM:FM:Sb):(100:00:00:00:00); Ts-(W:S:PM:FM:Sh):(75:05:05:10:05);
T1-(W:S:PM:FM:Sb):(75:10:05:05:05); T4-(W:S:PM:FM:Sb):(60:15:10:10:05);
T2-(W:S:PM:FM:Sb):(75:05:10:05:05);
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Ts-(W:S:PM:FM:Sb):(60:10:15:10:05); Tes-(W:S:PM:FM:Sh):(45:15:20:15:05);
Te-(W:S:PM:FM:Sb):(60:10:10:15:05); To-(W:S:PM:FM:Sh):(45:15:15:20:05)
T7-(W:S:PM:FM:Sb):(45:20:15:15:05);

Effectofmulti-milletflourinclusiononcolourcharacteristicsof cookies
Thecolourofbakedgoodsplaysakeyroleininfluencingconsumers'initialacceptance. The
colour parameters of cookies containing millet flours were evaluated using L*, a*, and b
values. Theresultsofthe colouranalysisarepresentedinTable 6.Thehighestlightnessvalue (L*) of
54.93 was recorded for treatment (To) cookies, consisting of 100%wheat flour, while the

lowest value of 48.79 was observed in the treatment Tscookies. Decreasing L* value indicates

that the inclusion of millet flour resulted in darker cookies. Regarding redness (a*), the
control treatment (To) cookies had the lowest value of 5.44, while cookies of
treatmentTodisplayedthehighesta*value(8.37).Theriseina*valueimpliesthatincreasingthepropo
rtion of millet flour in place of wheat flour significantly increased the redness of the cookies.
Furthermore,foryellowness(b*),treatmentTocookies(control)exhibitedthehighestvalueof
19.52,whiletreatmentTscookiesshowedthelowestvalueof13.98. Thesedecliningb*value
demonstrate a clear trend of decreasing cookies’yellowness with the increasing proportion of
millet in the composite flour. The inclusion of whole grains, which contain bran components
such as fiber, phenolics, and flavonoids, can lead to a decrease in lightness and yellowness
whileincreasingtherednessofcookiesmadefrommillet-basedcompositeflour(Brites etal.,
2018;Paesanietal.,2020;Aljobair,2022).Thedarkercolourofthecookiescouldbelinkedto the rich
mineral profile and phenolic content of millet flour (Arepally et al., 2023). Furthermore, Ajila
et al., (2008) propose that enzymatic browning may contribute to the reduced brightness and
yellowness of the cookies. These results are consistent with findings from other studies,
where substituting wheat flour with pearl millet led to a darker colour in
thecookies(Kultheetal.,2017).Cookiesmadewithahigherproportionofsorghumflourwere
foundtohaveadarkercolourcomparedtothosemadewithonlywheatflour(Aljobair,2022).
Arepally et al., (2023) reported that the inclusion of a millet flour blend (comprising pearl
millet,kodomillet, barnyardmillet, andfingermillet),resultedinareductioninlightnessand
yellowness, along with an increase in redness of the cookies.
Table6illustratesasignificantincreaseinAEfromtreatmentT1to Teastheproportion of
millet in the composite flour increased. Among all the millet-based cookies, treatment T:had
the lowest AE value of 3.01, while treatment Tgcookies exhibited the highest AE value
(8.69).AsnotedbyGoswamietal.,(2015),atotalcolourdifference(AE)greaterthan3
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typicallyreflectsanoticeablecolourdifferencethatcanbethatiseasilyidentifiabletothenaked
eyes.TheAEvaluesobtainedinthisstudysuggestasignificantcolourdifferencebetweeneach
treatmentandcontrolcookiesample. Arepallyetal.,(2023)foundasimilartrendofincreasing AE for
cookies as the proportion of a millet blend (barnyard millet, pearl millet, kodo millet, and

finger millet) in the composite flour increased.

Treatment L* a* b* AE

To 54.93 5.44 19.52 0.00

T1 53.11 6.55 17.42 3.01

T 52.72 6.41 17.15 3.39

T3 52.97 6.74 17.3 3.28

Ts 51.15 7.37 15.63 5,79

Ts 50.64 7.24 15.32 6.28

Te 50.87 7.53 15.51 6.08

T7 49.26 8.23 14.27 8.23

Ts 48.79 8.05 13.98 8.69

To 49.06 8.37 14.12 8.51
S.E. 0.176 0.117 0.122 -
C.D.@5% 0.521 0.345 0.359 -

Table6Colourcharacteristicsofcookiespreparedwithmulti-milletcompositeflour

(Note: n=3, S.E.(m)- Standard Error at Mean; C.D.- Critical Difference)
W-Wheat;S-Sorghum;PM-PearIMillet;FM-FingerMillet;Sh-Soyabean

To-(W:S:PM:FM:Sb):(100:00:00:00:00); Ts-(W:S:PM:FM:Sb):(60:10:15:10:05);
T1-(W:S:PM:FM:Sb):(75:10:05:05:05); Te-(W:S:PM:FM:Sb):(60:10:10:15:05);
T2-(W:S:PM:FM:Sb):(75:05:10:05:05); T7-(W:S:PM:FM:Sb):(45:20:15:15:05);
T3-(W:S:PM:FM:Sh):(75:05:05:10:05); Te-(W:S:PM:FM:Sh):(45:15:20:15:05);
Ta-(W:S:PM:FM:Sb):(60:15:10:20:05); To-(W:S:PM:FM:Sb):(45:15:15:20:05)

3.3Sensoryacceptabilityofmulti-milletflourincorporatedcompositeflourcookies
Sensoryevaluationisa criticalcomponentin productdevelopment, providinginsights into
consumer preferences and acceptability. It provides a systematic approach to assess attributes
like colour, texture, flavour and appearance, ensuring alignment with consumer
expectations(DeAlbuquerqueetal.,2022). Table7presentsthesensoryevaluationscoresfor
cookiesmadewithmulti-milletcompositeflour. Anincreaseinthesubstitutionofwheatflour
withmillet  intocompositeflourresultedinimprovedorganolepticscoresforthecookies. ~ The
cookies prepared using the Tgtreatment flour formulation obtained the highest colour score

(8.20)amongallthecompositeflourcookies. Theinclusionofmilletflourimparteda
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distinctive bright brown colour to the cookies. In terms of appearance, treatment Tscookies
scored the highest (8.40), attributed to the millet flour’s contribution to a smoother and more
uniformsurfacetextures,which ultimately enhanced cookies’overall visual appeal. Fortexture,
treatment Tscookies achieved the highest score (8.60). The inclusion of millet flour
strengthenedthecookiestructure,resultinginadesirablebalanceofcrispnessandsoftnessthat

enhancedthemouthfeelandmakingthecookiemoreenjoyabletoeat. TheflavourscoreforTscookies
was the highest (8.50), with the slightly gritty taste of millet complementing the sweetness of
the cookies and resulting in a more natural, less artificial flavour. Overall, Tscookies were
rated the best in terms of acceptability, scored 8.43, demonstrating that the addition of millet
flour positively influenced the texture and flavour of cookies, making them the preferred
choice among panellists and showcasing their potential for developing high- quality baked

products.

Table7Sensoryscoresforcookiespreparedwithmulti=milletcompositeflour

Treatment Colour Appearance Texture Flavour Acg\éigi)lillity
To 6.90 7.00 7.10 7.10 7.03
T1 7.20 7.30 7.40 7.60 7.38
T2 7.30 740 7.50 7.60 7.45
T3 7.10 7.30 7.40 7.40 7.30
Ty 7.60 7.80 8.00 8.00 7.85
Ts 7.60 790 8.10 8.10 7.93
Ts 7.50 7.70 7.90 7.90 1.75
T7 8.00 8.30 8.40 8.40 8.28
Ts 8.20 8.40 8.60 8.50 8.43
To 7.90 8.10 8.40 8.30 8.18
(Note:n=10,W-Wheat;S-Sorghum;PM-PearIMillet;FM-FingerMillet;Sh-Soyabean)
To-(W:S:PM:FEM:Sh):(100:00:00:00:00); Ts-(W:S:PM:FM:Sb):(60:10:15:10:05);
T1-(W:S:PM:FM:8b):(75:10:05:05:05); Te-(W:S:PM:FM:Sb):(60:10:10:15:05);
To-(W:S:PM:EM:Sb):(75:05:10:05:05); T7-(W:S:PM:FM:Sb):(45:20:15:15:05);
T3-(W:S:PM:FM:Sb):(75:05:05:10:05); Ts-(W:S:PM:FM:Sb):(45:15:20:15:05);
T4-(W:S:PM:FM:Sb):(60:15:10:10:05); To-(W:S:PM:FM:Sb):(45:15:15:20:05)
4. Conclusion

The evaluation of the physical, textural, and colour characteristics of millet-based
cookies demonstrates the impact of millet incorporation on key quality attributes. Parameters

suchasspreadratio,hardness,andcolourweresignificantlyaffected,underscoringthe



14

functionalroleofmilletfloursinshapingboththestructuralandvisualaspectsofthecookies.
Incorporating millet flour into cookie formulations results in cookies that are thicker, with a
largerdiameterandalowerspreadratio,whilealsoexhibitingreducedhardness.Furthermore,
theadditionofmilletflourcontributestoadarkercolourinthecookies. Thecookiesprepared
withcompositeflour,consisting45%wheat,15%sorghum,20%pearimillet,15%fingermillet  and
5%soybean,was identified as the mostoptimal in terms ofphysical, textural, colour, and
sensoryqualities. Thisstudyunderscoresthepotentialofmillet-basedcookiestoaddressvaried
consumerpreferenceswhilepromotingadvancementsinbakeryproductdevelopmentthrough  the

utilization of alternative grains.
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