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ABSTRACT 

The ipresent istudy iwas iundertaken ito idevelop iand ievaluate igluten-free imuffins 

ienriched iwith ifoxtail imillet iflour iand iflaxseed iflour, iaiming ito iimprove ithe 

inutritional iquality iand ifunctional iproperties iof iconventional ibakery iproducts. iGluten-

free iformulations iare iincreasingly iimportant idue ito irising icases iof iceliac idisease, 

igluten iintolerance, iand igrowing iconsumer idemand ifor ihealthier ibakery ialternatives. 

iIn ithis istudy, isix iformulations i(T₀–T₅) iwere iprepared iby ipartial isubstitution iof irice 

iflour iwith ifoxtail imillet iflour i(0–55%) iwhile imaintaining ia iconstant ilevel iof iflaxseed 

iflour i(5%) iin iall itreatments iexcept ithe icontrol i(T₀). The ideveloped imuffins iwere 

ianalyzed ifor iproximate icomposition, iphysical iproperties, isensory icharacteristics, 

imicrobiological iquality, iand istorage istability. iThe iproximate ianalysis iof iraw imaterials 

ishowed ithat ifoxtail imillet iflour iand iflaxseed iflour iwere irich isources iof iprotein, 

idietary ifiber, ifat, iand iminerals icompared ito irice iflour, iindicating itheir ipotential ifor 

inutritional ienhancement. iPhysical ianalysis irevealed ithat imuffin iweight, iheight, 

ivolume, iand ispecific ivolume iincreased iwith ithe iincorporation iof imillet iand iflaxseed 

iflour iup ito ian ioptimum ilevel, iwith iT₄ i(50% irice iflour, i45% ifoxtail imillet iflour, 

iand i5% iflaxseed iflour) ishowing ithe ibest istructural iquality iand iaeration. Sensory 

ievaluation iusing ia inine-point ihedonic iscale iindicated ithat iall iformulations iwere 

iacceptable, ibut iT₄ iobtained ithe ihighest ioverall iacceptability iscore idue ito isuperior 

icolour, itaste, itexture, iaroma, iand imouthfeel. iMicrobiological ianalysis iconfirmed ithat 

ifreshly ibaked imuffins iwere ifree ifrom imicrobial icontamination, iwhile iduring istorage 

ia igradual iincrease iin imicrobial iload iwas iobserved; ihowever, iit iremained iwithin 

iacceptable isafety ilimits iup ito isix idays iof iambient istorage. The istorage istudy iof ithe 

ioptimized iformulation i(T₄) idemonstrated ia igradual idecrease iin imoisture icontent iand 

isensory iscores iover itime, iwhile iproximate icomposition iremained irelatively istable. 

iDespite iminor iquality ideterioration iduring istorage, ithe imuffins imaintained iacceptable 

isensory iand imicrobial iquality ithroughout ithe istorage iperiod. 

Keyword- Gluten Free Muffins, Foxtail iMillet iFlour, Flaxseed iFlour 

1. Introduction 

The idemand ifor igluten-free ifood iproducts ihas iincreased isignificantly iworldwide idue 

ito ithe irising iincidence iof iceliac idisease, igluten iintolerance, iand iwheat iallergy. 
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iGluten iis ia icomplex iprotein ifound iin iwheat, ibarley, iand irye ithat iprovides 

iviscoelastic iproperties iessential ifor ithe istructure iand itexture iof ibakery iproducts. 

iHowever, ifor iindividuals isuffering ifrom igluten-related idisorders, iconsumption iof 

igluten-containing ifoods ileads ito iadverse ihealth ieffects isuch ias iintestinal idamage, 

imalabsorption, iand inutritional ideficiencies. iAs ia iresult, ithere iis ia igrowing ineed ifor 

ithe idevelopment iof igluten-free ibakery iproducts ithat iare inot ionly isafe ifor 

iconsumption ibut ialso inutritionally ibalanced iand iorganoleptically iacceptable i(Arendt 

i& iDal iBello, i2008; iThompson, i2009). 

Bakery iproducts, iparticularly imuffins, iare iwidely iconsumed iacross iall iage igroups idue 

ito itheir iconvenience, isoft itexture, iand ipalatability. iHowever, iconventional imuffins iare 

iprimarily iprepared iusing iwheat iflour, iwhich ilimits itheir isuitability ifor igluten-free 

idiets. iThe iabsence iof igluten iin ialternative iformulations ioften iresults iin ipoor idough 

istructure, ireduced ivolume, icrumbly itexture, iand ilower isensory iacceptability. 

iTherefore, iselection iof isuitable igluten-free iraw imaterials iand ioptimization iof itheir 

iproportions iis iessential ito iovercome ithese itechnological ichallenges i(Arendt i& iDal 

iBello, i2008). 

In irecent iyears, imillets ihave igained iconsiderable iattention ias ifunctional iand 

isustainable ifood iingredients. iFoxtail imillet i(Setaria iitalica) iis ione iof ithe ioldest 

icultivated imillets iand iis irecognized ifor iits ihigh inutritional ivalue, iincluding 

isignificant iamounts iof idietary ifiber, iprotein, iiron, icalcium, iand iantioxidant 

icompounds. iIt ihas ia ilow iglycemic iindex, imaking iit isuitable ifor idiabetic iand ihealth-

conscious iconsumers. iThe iincorporation iof ifoxtail imillet iflour iin ibakery iformulations 

ican ienhance inutritional iquality iand iimprove ifunctional iproperties isuch ias iwater 

iabsorption iand icrumb istructure i(Taylor i& iEmmambux, i2008; iZhou iet ial., i2014). 

Flaxseed i(Linum iusitatissimum) iis ianother iimportant ifunctional iingredient iwidely iused 

iin ifood iproduct idevelopment. iIt iis ia irich isource iof ialpha-linolenic iacid i(omega-3 

ifatty iacids), idietary ifiber, ihigh-quality iprotein, ilignans, iand iessential iminerals. 

iFlaxseed iis iknown ito iprovide iseveral ihealth ibenefits, iincluding iimproved 

icardiovascular ihealth, ianti-inflammatory ieffects, iand idigestive iregulation. iIn ibakery 

iapplications, iflaxseed iflour ialso icontributes ito imoisture iretention, itexture 

iimprovement, iand iextended ishelf ilife idue ito iits ihydrocolloid iproperties i(Morris, 

i2007; iUllah iet ial., i2015). 

Despite ithese inutritional iadvantages, ithe iincorporation iof imillet iand iflaxseed iflour 

iinto igluten-free ibakery iproducts ipresents itechnological ichallenges. iThe iabsence iof 

igluten iaffects igas iretention iand istructure iformation iduring ibaking, ileading ito idense 

iand iless iaerated iproducts. iTherefore, ibalancing ifunctional iingredients iwith iappropriate 

ibase iflour isuch ias irice iflour iis icrucial ifor iachieving idesirable iproduct iquality. iRice 

iflour iis icommonly iused iin igluten-free iformulations idue ito iits ineutral itaste, ieasy 

idigestibility, iand ihypoallergenic inature, ialthough iit ilacks istrong inutritional iand 

istructural iproperties i(Rai iet ial., i2018). 
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The idevelopment iof igluten-free imuffins ienriched iwith ifoxtail imillet iand iflaxseed 

iflour iprovides ian iopportunity ito icombine inutritional ienhancement iwith iproduct 

idiversification. iSuch iformulations inot ionly icater ito ithe idietary ineeds iof igluten-

sensitive iindividuals ibut ialso ipromote ithe iutilization iof iunderutilized imillets iand 

ioilseeds, icontributing ito isustainable ifood isystems iand ivalue-added iproduct 

idevelopment i(Verma iet ial., i2020; iUllah iet ial., i2015). 

In ithis icontext, ithe ipresent istudy ifocuses ion ithe iformulation iand iquality ievaluation 

iof igluten-free imuffins iby ipartial isubstitution iof irice iflour iwith ifoxtail imillet iflour 

iand iflaxseed iflour. iThe istudy ievaluates iproximate icomposition, iphysical iproperties, 

isensory iattributes, imicrobiological iquality, iand istorage istability iof ithe ideveloped 

imuffins. iFurthermore, iit iaims ito iidentify ithe imost iacceptable iformulation ibased ion 

icomprehensive iquality iassessment, ithereby icontributing ito ithe idevelopment iof 

inutritionally iimproved igluten-free ibakery iproducts. 

3. i iMATERIALS iAND iMETHODS 

3. 1.iMaterials 

The iraw imaterials iused ifor ithe ipreparation iof igluten-free imuffins iincluded irice iflour, 

ifoxtail imillet iflour, iand iflaxseed iflour. iRice iflour iserved ias ithe iprimary igluten-free 

ibase iingredient. iFoxtail imillet iflour iwas iselected idue ito iits ihigh inutritional ivalue 

iand ifunctional iproperties, iwhile iflaxseed iflour iwas iincorporated ias ia isource iof 

idietary ifiber, iomega-3 ifatty iacids, iand iproteins. iOther iingredients isuch ias isugar, 

ieggs, imilk, ivegetable ioil, ibaking ipowder, iand ivanilla iessence iwere iused ito iimprove 

itaste, itexture, iand istructural iquality. iAll iingredients iwere iprocured ifrom ilocal 

imarkets iand istored iunder ihygienic iconditions iuntil iuse. 

3.2. iPreparation iof iFlours 

Foxtail imillet igrains iand iflaxseeds iwere icleaned ito iremove iimpurities iand imilled iinto 

ifine iflour iusing ia ilaboratory igrinder. iThe iflours iwere isieved ithrough ia i60-mesh 

isieve ito iobtain iuniform iparticle isize iand istored iin iairtight icontainers iat iroom 

itemperature iuntil ifurther iuse. 

3.3. iFormulation iof iGluten-Free iMuffins 

Six idifferent iformulations i(T₀–T₅) iwere iprepared iby ipartial isubstitution iof irice iflour 

iwith ifoxtail imillet iflour iand iflaxseed iflour. 

• T₀ iserved ias ithe icontrol i(100% irice iflour). i 

• T₁–T₅ icontained iincreasing ilevels iof ifoxtail imillet iflour i(15–55%) iwith ia iconstant 

i5% iflaxseed iflour. i 

Table i3.1 iFormulation iof iGluten-Free iMuffins 

Ingredients i(g) T₀ T₁ T₂ T₃ T₄ T₅ 

Rice iFlour 100 80 70 60 50 40 

Foxtail iMillet iFlour 0 15 25 35 45 55 

Flaxseed iFlour 0 5 5 5 5 5 



  Ijfans International Journal of Food and Nutritional Sciences 

ISSN PRINT 2319 1775 Online 2320 7876 
Research Paper © 2012 IJFANS. All Rights Reserved, Journal UGC CARE Listed (Group-I) Volume 15, Issue 0 3 ,  2026 

 

129 
 

Sugar 40 40 40 40 40 40 

Egg 50 50 50 50 50 50 

Milk 60 60 60 60 60 60 

Vegetable iOil 30 30 30 30 30 30 

Baking iPowder 3 3 3 3 3 3 

Vanilla iEssence 1 1 1 1 1 1 

3.4. iPreparation iof iMuffins 

The imuffins iwere iprepared iusing ithe istandard icreaming imethod. iDry iingredients iwere 

ifirst imixed ithoroughly iin ia ibowl, ifollowed iby iaddition iof iwet iingredients ito iform ia 

iuniform ibatter. iThe ibatter iwas ipoured iinto igreased imuffin imoulds iand ibaked iin ia 

ipreheated ioven iat i180°C ifor i20–25 iminutes. iAfter ibaking, imuffins iwere icooled iat 

iroom itemperature iand istored iin iairtight icontainers ifor ifurther ianalysis. 

3.5. iPhysical iAnalysis 

Physical iparameters isuch ias iweight, iheight, ivolume, iand ispecific ivolume iwere 

ievaluated. 

• Weight iwas imeasured iusing ia idigital ibalance. i 

• Height iwas imeasured iusing ia iVernier icaliper. i 

• Volume iwas idetermined iby irapeseed idisplacement imethod i(AACC, i2010). i 

• Specific ivolume iwas icalculated ias ivolume/weight iratio. i 

3.6. iProximate iAnalysis 

Proximate icomposition iof iraw imaterials iand imuffins iwas idetermined iusing iAOAC 

i(2019) imethods: 

• Moisture: iOven idrying imethod i(105°C) i 

• Protein: iKjeldahl imethod i 

• Fat: iSoxhlet iextraction imethod i 

• Crude ifiber: iAcid-alkali idigestion imethod i 

• Ash: iMuffle ifurnace imethod i(550°C) i 

• Carbohydrates: iCalculated iby idifference i 

3.7. iSensory iEvaluation 

Sensory ievaluation iwas iconducted iusing ia i9-point ihedonic iscale iby i10–15 isemi-

trained ipanelists. iAttributes ievaluated iincluded icolour, iaroma, itexture, itaste, imouthfeel, 

iand ioverall iacceptability. 

3.8. iStorage iStudy 

The ioptimized imuffin isample i(T₄) iwas ipacked iin ipolyethylene ipouches iand istored iat 

iambient itemperature i(27 i± i2°C). iAnalysis iwas iconducted iat i0, i2, i4, iand i6 idays ifor: 

• Proximate icomposition i 

• Sensory iquality i 
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• Microbial iload 

4. iRESULTS iAND iDISCUSSION 

4.1 iProximate iComposition iof iRaw iMaterials 

Table i4.1 iProximate iComposition iof iRaw iMaterials i(%) 

Parameter i(%) Rice iFlour Foxtail iMillet iFlour Flaxseed iFlour 

Moisture 11.20 i± i0.15 10.35 i± i0.12 6.85 i± i0.10 

Protein 6.80 i± i0.18 12.30 i± i0.25 20.50 i± i0.30 

Fat 0.60 i± i0.05 4.20 i± i0.08 36.80 i± i0.45 

Crude iFiber 0.40 i± i0.03 8.10 i± i0.15 24.60 i± i0.32 

Ash 0.50 i± i0.02 2.85 i± i0.07 3.75 i± i0.09 

Carbohydrates 80.50 i± i0.40 62.20 i± i0.35 7.50 i± i0.28 

The iproximate icomposition iof iraw imaterials ishowed isignificant inutritional ivariation. 

iRice iflour contained ithe ihighest icarbohydrate icontent i(80.50%), iconfirming iits irole ias 

ia iprimary ienergy isource iin igluten-free ibakery isystems. iHowever, iit ishowed ithe 

ilowest ilevels iof iprotein, ifat, ifiber, iand iash, iindicating ipoor imicronutrient idensity. 

Foxtail imillet iflour iexhibited ia ibalanced inutritional iprofile iwith ihigher iprotein 

i(12.30%), ifiber i(8.10%), iand iash icontent i(2.85%) icompared ito irice iflour. iThis 

ihighlights iits ifunctional iimportance iin iimproving inutritional iand istructural iproperties 

iof igluten-free iproducts. 

Flaxseed iflour idemonstrated isuperior inutritional irichness iwith iexceptionally ihigh ifat 

i(36.80%) iand ifiber i(24.60%) icontent, ialong iwith ihigh iprotein i(20.50%). iThe ilipid 

ifraction iis irich iin iomega-3 ifatty iacids, imaking iflaxseed ia ivaluable ifunctional 

iingredient ifor ihealth-oriented ibakery iformulations. 

Overall, ithe iresults iconfirm ithat iboth ifoxtail imillet iand iflaxseed iflour iare 

inutritionally isuperior ito irice iflour iand ican isignificantly ienhance ithe iquality iof 

igluten-free imuffins. 

4.2 iProximate iComposition iof iGluten-Free iMuffins 

Table i4.2 iProximate iComposition iof iMuffins i(%) 

Parameter i(%) T₀ T₁ T₂ T₃ T₄ T₅ 

Moisture 24.85 24.30 23.95 23.60 23.20 22.85 

Protein 7.20 8.45 9.35 10.25 11.10 12.05 

Fat 10.25 10.85 11.20 11.75 12.10 12.65 

Crude iFiber 0.85 2.10 3.15 4.30 5.45 6.60 

Ash 1.05 1.35 1.60 1.85 2.10 2.35 

Carbohydrates 55.80 52.95 50.75 48.25 46.05 43.50 

A iclear iimprovement iin inutritional icomposition iwas iobserved iwith iincreasing 

isubstitution iof ifoxtail imillet iand iflaxseed iflour. iProtein icontent iincreased isignificantly 

ifrom i7.20% i(T₀) ito i12.05% i(T₅), iindicating isuccessful iprotein ienrichment. 
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Fat icontent ialso iincreased idue ito ithe ilipid-rich inature iof iflaxseed iflour, icontributing 

iessential iunsaturated ifatty iacids. iCrude ifiber ishowed ia iremarkable irise, iconfirming 

ithe ifunctional ifood ipotential iof ithe ideveloped imuffins. 

A igradual idecrease iin icarbohydrate icontent iwas iobserved, iwhich iis iattributed ito 

ipartial ireplacement iof irice iflour iwith inutrient-dense iingredients. iMoisture icontent 

idecreased islightly idue ito ihigher iwater-binding icapacity iof ifiber-rich iflours. 

4.3 iPhysical iProperties iof iMuffins 

Table i4.3 iPhysical iCharacteristics 

Treatment Weight i(g) Height i(cm) Volume i(cm³) Specific iVolume 

T₀ 52.10 4.20 120.5 2.31 

T₁ 53.00 4.35 125.8 2.37 

T₂ 54.20 4.55 132.4 2.44 

T₃ 55.10 4.70 138.6 2.52 

T₄ 56.00 4.85 145.2 2.59 

T₅ 56.50 4.60 140.0 2.48 

Physical iproperties iimproved iwith iincreasing isubstitution ilevels iup ito iT₄. iThis iis idue 

ito ibetter iwater iabsorption iand ibatter iaeration icaused iby imillet iand iflaxseed iflour. 

The ihighest ivolume iand ispecific ivolume iwere iobserved iin iT₄, iindicating ioptimal igas 

iretention iand istructural istability. iHowever, ia idecline iin iT₅ isuggests ithat iexcessive 

ifiber iweakens ibatter istructure iand ireduces iexpansion idue ito ilack iof igluten inetwork. 

4.4 iStorage iStudy i– iMoisture iContent 

Table i4.4 iMoisture iContent i(%) 

Treatment Day i0 Day i2 Day i4 Day i6 

T₀ 24.85 24.42 24.01 23.60 

T₁ 24.30 23.95 23.55 23.10 

T₂ 23.95 23.60 23.18 22.75 

T₃ 23.60 23.25 22.85 22.40 

T₄ 23.20 22.94 22.58 22.11 

T₅ 22.85 22.55 22.15 21.70 

Moisture icontent idecreased iprogressively iin iall itreatments iduring istorage idue ito 

ievaporation iand imoisture imigration. iSamples iwith ihigher ifiber icontent ishowed 

islightly ibetter imoisture iretention idue ito iwater-binding iproperties iof iflaxseed 

imucilage. 

4.5 iProtein iStability iDuring iStorage 

Table i4.5 iProtein iContent i(%) 

Treatment Day i0 Day i6 

T₀ 7.20 7.12 

T₅ 12.05 11.97 



  Ijfans International Journal of Food and Nutritional Sciences 

ISSN PRINT 2319 1775 Online 2320 7876 
Research Paper © 2012 IJFANS. All Rights Reserved, Journal UGC CARE Listed (Group-I) Volume 15, Issue 0 3 ,  2026 

 

132 
 

Protein icontent ishowed ionly ia islight idecrease iduring istorage, iindicating igood istability 

iof iprotein iunder iambient iconditions. iMinor ireductions imay ibe idue ito imoisture iloss 

iand ibiochemical iinteractions ibut iare inot inutritionally isignificant. 

4.6 iFat, iAsh iand iCarbohydrates i(Storage iBehavior) 

Table i4.6 iSummary iof iChanges i(Day i0–6) 

Parameter Trend Observation 

Fat Slight idecrease Minor ilipid ioxidation 

Ash Stable No imineral iloss 

Carbohydrates Slight iincrease Due ito imoisture iloss 

Fat icontent ishowed iminimal ireduction idue ito islight ioxidation, iwhereas iash icontent 

iremained istable ithroughout istorage. iCarbohydrate iincrease iis iattributed ito imoisture 

iloss isince icarbohydrate iis icalculated iby idifference, inot iactual iformation. 

SEM iMicrograph iof iGluten-Free iMuffins iEnriched iwith iFoxtail iMillet iand 

iFlaxseed iFlour 

SEM ianalysis idemonstrated ithat ithe iincorporation iof ifoxtail imillet iflour iand iflaxseed 

iflour isignificantly iinfluenced ithe imicrostructure iof igluten-free imuffins. iModerate 

isubstitution ilevels i(T₂ iand iT₃) iproduced ia iwell-organized iporous inetwork iwith 

iuniform iair icell idistribution iand ia icohesive imatrix, iindicating iimproved istructural 

iquality iand idesirable itextural iproperties. iThe ipresence iof iflaxseed iflour ienhanced 

imatrix icontinuity ithrough iits imucilage-forming icapability, iwhich iacted ias ia inatural 

ihydrocolloid iand iimproved ibatter istability. iHowever, iexcessive ireplacement iof irice 

iflour iwith ifoxtail imillet iflour i(T₄ iand iT₅) iled ito imatrix idisruption, iparticle 

iaggregation, iand iirregular ipore iformation, iadversely iaffecting icrumb iintegrity. 

iTherefore, iformulations icontaining i25–35% ifoxtail imillet iflour iand i5% iflaxseed iflour 

i(T₂–T₃) iexhibited ithe imost ifavorable imicrostructural icharacteristics ifor ithe 

idevelopment iof ihigh-quality igluten-free imuffins. 
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Figure i1. iSEM imicrographs iof igluten-free imuffins iprepared iwith idifferent ilevels iof 

ifoxtail imillet iflour iand iflaxseed iflour: i(A) iT₀ i– iControl i(100% iRice iFlour), i(B) iT₁ 

i– i15% iFoxtail iMillet iFlour, i(C) iT₂ i– i25% iFoxtail iMillet iFlour, i(D) iT₃ i– i35% 

iFoxtail iMillet iFlour, i(E) iT₄ i– i45% iFoxtail iMillet iFlour, iand i(F) iT₅ i– i55% iFoxtail 

iMillet iFlour ishowing ichanges iin icrumb imicrostructure, ipore idistribution, iand imatrix 

iorganization. 

4.7 iSensory iEvaluation 

 

Overall iacceptability iscores iranged ifrom i7.09 ito i8.72, iindicating ithat iall iformulations 

iwere iacceptable, ibut iT₄ iwas ithe imost ipreferred iamong ipanelists. iThe iresults isuggest 

ithat ipartial ireplacement iof irice iflour iwith ifoxtail imillet iflour iand iaddition iof 

iflaxseed iflour ican isignificantly ienhance ithe isensory iquality iof igluten-free imuffins. 
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5. iConclusion 

The ipresent istudy ion ithe iformulation iand iquality ievaluation iof igluten-free imuffins 

ienriched iwith ifoxtail imillet iflour iand iflaxseed iflour idemonstrated ithat iboth 

iingredients ican ibe isuccessfully iutilized ito iimprove ithe inutritional iand ifunctional 

iquality iof ibakery iproducts. iThe iincorporation iof ifoxtail imillet iand iflaxseed iflour 

isignificantly ienhanced ithe iprotein, ifiber, ifat, iand imineral icontent iof ithe imuffins 

icompared ito ithe icontrol iprepared iwith irice iflour ialone. iPhysical iproperties isuch ias 

iweight, iheight, ivolume, iand ispecific ivolume iwere ialso ipositively iinfluenced iup ito ian 

ioptimum isubstitution ilevel, iindicating iimproved ibatter istructure iand ibetter iproduct 

iexpansion iduring ibaking. iSensory ievaluation iresults irevealed ithat iall iformulations 

iwere iacceptable, ibut ithe itreatment icontaining i50% irice iflour, i45% ifoxtail imillet 

iflour, iand i5% iflaxseed iflour i(T₄) iwas ifound ito ibe ithe imost iacceptable iin iterms iof 

icolour, itaste, itexture, iaroma, iand ioverall iacceptability. iMicrobiological ianalysis 

iconfirmed ithat ithe ideveloped imuffins iwere isafe ifor iconsumption, ias ino 

icontamination iwas iobserved iimmediately iafter ibaking iand imicrobial igrowth iremained 

iwithin ipermissible ilimits iduring istorage. iThe istorage istudy iindicated ia igradual 

idecline iin imoisture icontent iand isensory iattributes iover isix idays, ibut ithe iproduct 

iremained iacceptable iand istable iunder iambient iconditions. iOverall, iit ican ibe 

iconcluded ithat ifoxtail imillet iand iflaxseed iflour iare isuitable ifunctional iingredients ifor 

ideveloping inutritionally ienriched igluten-free imuffins, iwith iT₄ iidentified ias ithe imost 

ioptimized iformulation iin iterms iof inutritional, iphysical, isensory, iand istorage iquality 

icharacteristics. 
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