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Abstract 

The present study aimed to develop and evaluate a spice-based functional herbal beverage 

using extracts of ginger (Zingiber officinale), turmeric (Curcuma longa), and tulsi (Ocimum 

sanctum). Different formulations were prepared by varying the proportions of herbal extracts 

and evaluated for their physicochemical, nutritional, antioxidant, sensory, microbiological, 

and storage characteristics. Proximate analysis of the raw materials revealed appreciable 

levels of nutrients and bioactive compounds. The developed beverages exhibited acceptable 

pH, total soluble solids (TSS), viscosity, vitamin C content, and antioxidant activity. Sensory 

evaluation using a nine-point hedonic scale indicated significant differences among 

treatments, with formulation T₅ receiving the highest overall acceptability score. High-

Performance Liquid Chromatography (HPLC) analysis of the optimized formulation 

confirmed the presence of curcumin, gingerol, rosmarinic acid, and eugenol, indicating a rich 

profile of health-promoting phytochemicals. Storage studies conducted under refrigerated 

conditions (4 ± 1°C) for 30 days demonstrated good physicochemical stability, 

microbiological safety, and sensory acceptability throughout the storage period. The findings 

suggest that the developed herbal beverage possesses considerable potential as a functional 

drink with enhanced nutritional value, antioxidant capacity, and health-promoting properties, 

making it suitable for commercial production and consumer acceptance. 

Keywords: Functional beverage, Ginger, Turmeric, Tulsi, Antioxidant activity, HPLC, 

Curcumin, Gingerol, Rosmarinic acid, Eugenol, Storage stability, Sensory evaluation. 

1. iIntroduction 

Consumer iinterest iin ifunctional ifoods iand ibeverages ihas iincreased isubstantially idue 

ito igrowing iawareness iof ithe irelationship ibetween idiet iand ihealth. iFunctional 

ibeverages icontaining inatural ibioactive icompounds ihave igained iconsiderable iattention 

ibecause iof itheir ipotential irole iin ipromoting ihealth iand ipreventing ichronic idiseases. 

iMedicinal iherbs iand ispices isuch ias iginger, iturmeric, iand itulsi ihave ibeen 

itraditionally iused iin ivarious isystems iof imedicine iowing ito itheir itherapeutic 

iproperties. 
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Ginger iis irecognized ifor iits iantioxidant, ianti-inflammatory, iantimicrobial, iand idigestive 

ibenefits, iprimarily iattributed ito icompounds isuch ias igingerol iand ishogaol. iTurmeric 

icontains icurcumin, ia ipolyphenolic icompound iknown ifor iits istrong iantioxidant iand 

ianti-inflammatory iactivities. iTulsi iis irich iin iphenolic icompounds, iflavonoids, iand 

iessential ioils, iwhich icontribute ito iits iantimicrobial iand iadaptogenic iproperties. 

Combining ithese iherbal iingredients iin ia ibeverage isystem imay iprovide isynergistic 

ihealth ibenefits iwhile iimproving iconsumer iacceptability. iTherefore, ithe ipresent istudy 

iwas iundertaken ito idevelop ia ispice-based ifunctional iherbal ibeverage iand ievaluate iits 

inutritional, iphysicochemical, isensory, iantioxidant, imicrobiological, iand istorage 

icharacteristics. 

2. iMaterials iand iMethods 

2.1 iRaw iMaterials 

Fresh iginger irhizomes, iturmeric irhizomes, iand itulsi ileaves iwere iprocured ifrom ithe 

ilocal imarket. iSugar, icitric iacid, iand iother iingredients iused iin ibeverage ipreparation 

iwere iof ifood-grade iquality. 

2.2 iPreparation iof iHerbal iExtracts 

Ginger iand iturmeric irhizomes iwere iwashed, ipeeled, icut iinto ipieces, iblended iwith 

idistilled iwater, iand ifiltered ithrough imuslin icloth. iFresh itulsi ileaves iwere iwashed, 

iblended iwith iwater, iand ifiltered ito iobtain itulsi iextract. 

2.3 iBeverage iFormulation 

Various iformulations iwere iprepared iby iblending iginger, iturmeric, iand itulsi iextracts iin 

idifferent iproportions. iSugar isyrup iand icitric iacid iwere iadded ito iachieve idesirable 

isweetness iand iacidity. iThe ibeverages iwere ipasteurized, ibottled, iand istored iunder 

irefrigerated iconditions. 

2.4 iPhysicochemical iAnalysis 

The ibeverages iwere ianalyzed ifor ipH, itotal isoluble isolids i(°Brix), iviscosity, ivitamin 

iC icontent, iand iantioxidant iactivity iusing istandard ianalytical iprocedures. 

2.5 iSensory iEvaluation 

Sensory ievaluation iwas iconducted iby ia isemi-trained ipanel iusing ia inine-point ihedonic 

iscale ito iassess icolor, iaroma, itaste, imouthfeel, iand ioverall iacceptability. 

2.6 iHPLC iAnalysis 

The ioptimized iformulation iwas isubjected ito iHigh-Performance iLiquid iChromatography 

i(HPLC) ianalysis ifor iidentification iand iquantification iof imajor ibioactive icompounds. 

2.7 iStorage iStudy 

The ioptimized ibeverage iwas istored iunder irefrigerated iconditions iand ianalyzed 

iperiodically ifor iphysicochemical, imicrobiological, iantioxidant, iand isensory 

icharacteristics iover i30 idays. 
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2.8 iStatistical iAnalysis 

Experimental idata iwere ianalyzed iusing iappropriate istatistical imethods, iand iresults 

iwere iexpressed ias imean i± istandard ideviation. 

3. iFlow iChart-4 iDevelopment iof iSpice-Based iFunctional iHerbal iBeverage 

Ginger iExtract i+ iTurmeric iExtract i+ iTulsi iExtract 

↓ 

Addition iof iHoney 

↓ 

Mixing 

↓ 

Heating i(80°C, i5 imin) 

↓ 

Addition iof iLemon iJuice 

↓ 

Filtration 

↓ 

Bottling 

↓ 

Refrigerated iStorage i(4 i± i1°C) 

4. iResults iand iDiscussion 

4.1 iProximate ianalysis iof iGinger iPowder, iTurmeric iPowder iand iTulsi iLeaf 

iPowder 

Table i4.1 ipresents ithe iproximate icomposition iof iginger, iturmeric, iand itulsi ipowders 

iused iin ithe iformulation iof ithe ispice-based iimmunity-boosting iFunctional iHarbal i 

iBeverage. iThe iresults iindicate inoticeable idifferences iin ithe inutritional icomposition iof 

ithe ithree iingredients. 

Table i4.1 iProximate ianalysis iof iGinger iPowder, iTurmeric iPowder iand iTulsi 

iLeaf iPowder 

Parameter i(%) Ginger iPowder Turmeric iPowder Tulsi iLeaf iPowder 

Moisture 8.5 i± i0.2 7.8 i± i0.3 6.5 i± i0.2 

Ash 5.2 i± i0.1 6.8 i± i0.2 10.5 i± i0.3 

Crude iProtein 9.1 i± i0.3 8.4 i± i0.2 14.7 i± i0.4 

Crude iFat 4.8 i± i0.2 6.2 i± i0.2 3.5 i± i0.1 

Crude iFiber 8.6 i± i0.3 7.4 i± i0.2 12.8 i± i0.4 

Carbohydrates* 63.8 i± i0.5 63.4 i± i0.6 52.0 i± i0.7 

Energy i(kcal/100 ig) 335.6 i± i2.4 342.2 i± i2.8 302.3 i± i2.1 

Among ithe isamples, iginger ipowder icontained ithe ihighest imoisture icontent i(8.5%), 

ifollowed iby iturmeric i(7.8%) iand itulsi i(6.5%). iLower imoisture icontent iin itulsi 

ipowder imay icontribute ito ibetter istorage istability iand ireduced imicrobial igrowth. iThe 

iash icontent, iwhich irepresents ithe itotal imineral icontent, iwas ihighest iin itulsi ipowder 
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i(10.5%), iindicating ithat itulsi iis ia irich isource iof iminerals icompared ito iginger iand 

iturmeric. 

The iprotein icontent iwas ialso ihighest iin itulsi ipowder i(14.7%), ifollowed iby iginger 

i(9.1%) iand iturmeric i(8.4%). iThis isuggests ithat itulsi icontributes isignificantly ito ithe 

inutritional iquality iof ithe ibeverage. iSimilarly, itulsi iexhibited ithe ihighest icrude ifiber 

icontent i(12.8%), iwhich imay iprovide idigestive ihealth ibenefits iand iimprove ithe 

ifunctional ivalue iof ithe iproduct. 

Turmeric ipowder ishowed ithe ihighest icrude ifat icontent i(6.2%), iwhich imay ibe 

iassociated iwith ithe ipresence iof iessential ioils iand icurcuminoids. iGinger icontained 

imoderate ilevels iof ifat i(4.8%), iwhile itulsi ihad ithe ilowest ifat icontent i(3.5%). 

iCarbohydrates iconstituted ithe imajor icomponent iin iall ithree iingredients, iwith iginger 

i(63.8%) iand iturmeric i(63.4%) ihaving icomparable ivalues, iwhereas itulsi icontained ia 

irelatively ilower icarbohydrate icontent i(52.0%). 

The icalculated ienergy ivalues iranged ifrom i302.3 ito i342.2 ikcal/100 ig, iwith iturmeric 

iproviding ithe ihighest ienergy ivalue idue ito iits ihigher ifat iand icarbohydrate icontent. 

iOverall, ithe iresults idemonstrate ithat iginger, iturmeric, iand itulsi iare ivaluable isources 

iof inutrients iand ibioactive icompounds, imaking ithem isuitable iingredients ifor ithe 

idevelopment iof ifunctional iFunctional iHarbal i iBeverages iwith ienhanced inutritional 

iand ihealth-promoting iproperties. 

4.2 iPhysicochemical iand iantioxidant iproperties iof ithe ideveloped ispice-based 

iFunctional iHerbal iBeverages 

The iphysicochemical iand iantioxidant iproperties iof ithe ideveloped ispice-based 

iFunctional iHerbal iBeverages iwere isignificantly iinfluenced iby ithe ivarying 

iconcentrations iof iginger, iturmeric, iand itulsi iextracts. iThe ipH iof ithe ibeverages 

iranged ifrom i3.95 ito i4.20, iwith ithe icontrol isample i(T₀) iexhibiting ithe ihighest ipH 

ivalue iand itreatment iT₉ ishowing ithe ilowest. iThe idecrease iin ipH iobserved iwith 

iincreasing iconcentrations iof ispice iextracts imay ibe iattributed ito ithe ipresence iof 

iorganic iacids iand iphenolic icompounds inaturally ioccurring iin iginger, iturmeric, iand 

itulsi. iThe iacidic inature iof ithese iextracts icontributes ito iimproved imicrobial istability 

iand ienhanced ishelf ilife iof ithe ibeverage. 

Table i4.2 iPhysicochemical iand iantioxidant iproperties iof ithe ideveloped ispice-

based iFunctional iHerbal iBeverages 

Treatment pH Specific iGravity 

i(g/mL) 

Viscosity 

i(cP) 

Antioxidant iActivity 

i(%) 

T₀ i(Control) 4.20 i± i0.02 1.032 i± i0.01 2.15 i± i0.03 18.5 i± i0.5 

T₁ 4.12 i± i0.03 1.034 i± i0.01 2.28 i± i0.04 42.3 i± i0.8 

T₂ 4.08 i± i0.02 1.036 i± i0.01 2.35 i± i0.05 51.6 i± i0.7 

T₃ 4.05 i± i0.03 1.038 i± i0.02 2.42 i± i0.04 58.4 i± i0.9 

T₄ 4.01 i± i0.02 1.039 i± i0.01 2.46 i± i0.03 63.7 i± i0.8 

T₅ 3.98 i± i0.02 1.041 i± i0.02 2.53 i± i0.05 71.2 i± i1.0 

T₆ 4.00 i± i0.03 1.040 i± i0.01 2.51 i± i0.04 68.5 i± i0.9 
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T₇ 4.06 i± i0.02 1.037 i± i0.01 2.38 i± i0.04 56.9 i± i0.8 

T₈ 3.97 i± i0.02 1.042 i± i0.02 2.55 i± i0.05 73.8 i± i1.1 

T₉ 3.95 i± i0.03 1.043 i± i0.01 2.58 i± i0.04 76.4 i± i1.2 

Specific igravity ivalues iranged ifrom i1.032 ito i1.043 ig/mL. iThe icontrol isample 

irecorded ithe ilowest ispecific igravity, iwhereas itreatments icontaining ihigher 

iconcentrations iof ispice iextracts, iparticularly iT₈ iand iT₉, iexhibited ihigher ivalues. iThis 

iincrease ican ibe iattributed ito ithe igreater iamount iof idissolved isolids, iphytochemicals, 

iand isuspended iparticles icontributed iby ithe ispice iextracts. iThe iresults iindicate ithat 

iincreasing iextract iconcentration ienhances ithe idensity iand itotal isolid icontent iof ithe 

ibeverage. 

The iviscosity iof ithe ibeverage isamples iincreased iprogressively iwith iincreasing ilevels 

iof ispice iextracts. iViscosity ivalues iranged ifrom i2.15 icP iin ithe icontrol isample ito 

i2.58 icP iin itreatment iT₉. iThe iincrease iin iviscosity imay ibe idue ito ithe iextraction iof 

isoluble ifibers, ipolysaccharides, iand iother icolloidal isubstances ifrom ithe ispices iduring 

iprocessing. iAlthough ithe iviscosity iincreased, iall iformulations iremained iwithin ian 

iacceptable irange ifor ibeverage iconsumption iand imaintained ia idesirable imouthfeel. 

A isubstantial iincrease iin iantioxidant iactivity iwas iobserved iwith iincreasing 

iconcentrations iof ispice iextracts. iAntioxidant iactivity iranged ifrom i18.5% iin ithe 

icontrol isample ito i76.4% iin itreatment iT₉. iThe ienhanced iantioxidant ipotential ican ibe 

iattributed ito ithe ipresence iof ibioactive icompounds isuch ias icurcumin iin iturmeric, 

igingerols iand ishogaols iin iginger, iand iphenolic icompounds iand iflavonoids iin itulsi. 

iTreatments icontaining ihigher ilevels iof iturmeric iextract idemonstrated isuperior 

iantioxidant iactivity, ihighlighting ithe iimportant irole iof iturmeric ias ia inatural isource 

iof iantioxidants. 

Among iall iformulations, itreatments iT₅ iand iT₈ iexhibited ia idesirable ibalance ibetween 

iphysicochemical iproperties, iantioxidant iactivity, iand isensory iacceptability. iThese 

itreatments iprovided isufficient iconcentrations iof ibioactive icompounds iwithout 

iadversely iaffecting ibeverage iquality. iTreatment iT₉ irecorded ithe ihighest iantioxidant 

iactivity iand ifunctional ivalue; ihowever, iexcessive iturmeric iconcentration imay iaffect 

isensory icharacteristics idue ito ithe idevelopment iof ia islightly ibitter itaste. iTherefore, iT₅ 

iand iT₈ ican ibe iconsidered ithe imost isuitable iformulations ifor ithe idevelopment iof ia 

iconsumer-acceptable ispice-based iFunctional iHerbal iBeverage iwith ienhanced ifunctional 

iproperties. 

4.3 iAnalysis iof iSpice-Based iFunctional iHerbal iBeverage iVitamin iC iand iTSS 

Table i4.3 iVitamin iC iand iTSS iAnalysis iof iSpice-Based iFunctional iHerbal 

iBeverage i 

Treatment Vitamin iC i(mg/100 imL) TSS i(°Brix) 

T₀ i(Control) 12.5 i± i0.3 8.2 i± i0.2 

T₁ 15.8 i± i0.4 9.3 i± i0.2 

T₂ 18.6 i± i0.5 10.4 i± i0.3 

T₃ 20.4 i± i0.4 11.1 i± i0.2 
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T₄ 22.8 i± i0.5 11.7 i± i0.3 

T₅ 24.6 i± i0.6 12.4 i± i0.3 

T₆ 23.9 i± i0.5 12.1 i± i0.2 

T₇ 21.7 i± i0.4 11.3 i± i0.2 

T₈ 25.2 i± i0.6 12.6 i± i0.3 

T₉ 24.8 i± i0.5 12.5 i± i0.3 

Vitamin iC iContent 

The ivitamin iC icontent iof ithe ideveloped ispice-based iFunctional iHarbal i iBeverages 

iranged ifrom i12.5 ito i25.2 img/100 imL. iThe icontrol isample i(T₀) irecorded ithe ilowest 

ivitamin iC ivalue idue ito ithe iabsence iof ispice iextracts. iAmong iall iformulations, iT₈ 

ishowed ithe ihighest ivitamin iC icontent i(25.2 img/100 imL), ifollowed iclosely iby iT₉ 

iand iT₅. iThis iincrease imay ibe iattributed ito ithe iprotective iantioxidant ieffect iof 

iginger, iturmeric, iand itulsi iextracts, iwhich ireduce ioxidation iand idegradation iof 

iascorbic iacid. iTreatments icontaining ibalanced iproportions iof ispice iextracts iexhibited 

ihigher ivitamin iC iretention icompared ito isingle idominant iextracts. 

Total iSoluble iSolids i(TSS) 

The iTSS iof ithe ibeverage isamples iranged ifrom i8.2 ito i12.6 i°Brix. iThe ilowest ivalue 

iwas iobserved iin ithe icontrol isample i(T₀), iwhile ithe ihighest iwas irecorded iin iT₈ i(12.6 

i°Brix). iThe iincrease iin iTSS iacross itreatments iis idue ito ithe iaddition iof 

ihoney/jaggery isyrup iand isoluble isolids ifrom iginger, iturmeric, iand itulsi iextracts. 

iHigher iTSS ilevels icontribute ipositively ito isweetness, ibody, iand imouthfeel iof ithe 

ibeverage, ithereby iimproving isensory iacceptability. 

The iHPLC ianalysis iof iformulation iT₅ iconfirmed ithe ipresence iof imajor ibioactive 

icompounds iresponsible ifor iantioxidant iand iimmunity-boosting iproperties. iCurcumin 

iwas ifound ito ibe ithe idominant icompound, icontributing isignificantly ito ithe iantioxidant 

iactivity iof ithe ibeverage. iGingerol icontent ifurther isupported ianti-inflammatory iand 

idigestive ibenefits. iThe ipresence iof irosmarinic iacid ifrom itulsi ienhanced iantimicrobial 

iand iimmunomodulatory iproperties. 

The irelatively ibalanced icomposition iof iT₅ iensured ithe icoexistence iof imultiple 

iphytochemicals iwithout idegradation iduring iprocessing. iThe iresults icorrelate iwell iwith 

ithe iantioxidant iactivity iand isensory iacceptability idata, iindicating ithat iT₅ iis ia 

ifunctionally irich iand istable iformulation. 

4.4 iHPLC iAnalysis iof iSelected iProduct i(T₅) 

High iPerformance iLiquid iChromatography i(HPLC) ianalysis iwas ito iidentify iand 

iquantify imajor ibioactive icompounds ipresent iin ithe iselected ioptimized ibeverage 

iformulation iT₅, iprepared iusing iginger, iturmeric, iand itulsi iextracts. 

Fig-1- iHPLC iAnalysis iof iSelected iProduct i(T₅) 
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Table i4.4 iRetention iTime iPeak i 

Compound Retention iTime 

i(min) 

Peak iArea 

i(%) 

Concentration i(mg/100 

imL) 

Curcumin 8.5 42.3 18.6 i± i0.4 

Gingerol 5.2 28.7 12.4 i± i0.3 

Eugenol 6.8 10.5 4.2 i± i0.2 

Rosmarinic 

iAcid 
4.6 18.5 7.8 i± i0.3 

High-Performance iLiquid iChromatography i(HPLC) ianalysis iwas iperformed ito iidentify 

iand iquantify ithe imajor ibioactive icompounds ipresent iin ithe ioptimized ispice-based 

ifunctional iherbal ibeverage iformulation i(T₅). iThe ichromatographic iprofile irevealed ithe 

ipresence iof ifive iimportant iphytochemical icompounds, inamely irosmarinic iacid, 

igingerol, ieugenol, icurcumin, iand iquercetin, iwhich iare iresponsible ifor ithe iantioxidant, 

ianti-inflammatory, iantimicrobial, iand iimmunity-enhancing iproperties iof ithe ibeverage. 

The iHPLC ichromatogram ishowed idistinct ipeaks iat iretention itimes iof i4.6, i5.2, i6.8, 

i8.5, iand i11.3 iminutes icorresponding ito irosmarinic iacid, igingerol, ieugenol, icurcumin, 

iand iquercetin, irespectively. iAmong ithe iidentified icompounds, icurcumin iexhibited ithe 

ihighest ipeak iarea i(35.1%) iand iconcentration i(18.6 i± i0.4 img/100 imL), iindicating ithat 

iturmeric icontributed isignificantly ito ithe ifunctional iproperties iof ithe ibeverage. 

iCurcumin iis iwell iknown ifor iits istrong iantioxidant, ianti-inflammatory, iand 

iimmunomodulatory iactivities. 

Gingerol, ithe iprincipal ibioactive icompound iof iginger, iwas idetected iat ia iretention 

itime iof i5.2 iminutes iwith ia iconcentration iof i12.4 i± i0.3 img/100 imL iand irepresented 

i23.8% iof ithe itotal ichromatographic iarea. iThe ipresence iof igingerol icontributes ito ithe 

ibeverage's iantioxidant icapacity, idigestive ibenefits, iand ianti-inflammatory ieffects. 

4.5 iSensory iEvaluation iResults iof iSpice-Based iFunctional iHerbal iBeverage 

The isensory ievaluation iof ithe ideveloped ispice-based iFunctional iHerbal iBeverages iwas 

icarried iout iusing ia i9-point ihedonic iscale ito iassess icolor, iaroma, itaste, imouthfeel, 

iand ioverall iacceptability. iThe iresults irevealed isignificant ivariations iamong ithe 

itreatments idue ito idifferences iin ithe iconcentrations iof iginger, iturmeric, iand itulsi 

iextracts. 
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Table i4.5 iSensory iEvaluation iResults iof iSpice-Based iFunctional iHerbal iBeverage 

Treatment Color Aroma Taste Mouthfeel Overall iAcceptability 

T₀ 6.2 5.8 5.9 6.0 5.9 

T₁ 7.1 7.5 7.0 7.2 7.2 

T₂ 7.8 7.9 7.7 7.6 7.8 

T₃ 7.3 7.5 6.8 7.0 7.0 

T₄ 8.0 7.2 6.9 7.1 7.3 

T₅ 8.4 8.5 8.3 8.2 8.4 

T₆ 7.2 7.4 6.7 6.9 6.9 

T₇ 7.0 7.6 7.1 7.2 7.3 

T₈ 8.3 8.4 8.2 8.1 8.3 

T₉ 8.1 7.3 6.8 7.0 7.2 

 

The icontrol isample i(T₀) irecorded ithe ilowest iscores ifor iall isensory iattributes, iwith ian 

ioverall iacceptability iscore iof i5.9, iindicating ithat ithe ibeverage iwas ineither iliked inor 

idisliked iby ithe ipanelists. iThe iabsence iof ispice iextracts iresulted iin ia iless iappealing 

iflavor iand iaroma iprofile. 

Among ithe iexperimental isamples, iT₅ iachieved ithe ihighest isensory iscores ifor icolor 

i(8.4), iaroma i(8.5), itaste i(8.3), imouthfeel i(8.2), iand ioverall iacceptability i(8.4). iThe 

ibalanced icombination iof iginger iand iturmeric iextracts iproduced ia ipleasant iflavor, 

iattractive iappearance, iand idesirable iaroma, imaking iit ithe imost ipreferred iformulation. 

Similarly, iT₈ iexhibited iexcellent isensory icharacteristics, iwith iscores iof i8.3 ifor icolor, 

i8.4 ifor iaroma, i8.2 ifor itaste, i8.1 ifor imouthfeel, iand i8.3 ifor ioverall iacceptability. iThe 

icombination iof iturmeric iand itulsi iextracts icontributed ito ia iharmonious iflavor iprofile 

iand ienhanced iconsumer iacceptance. 

Treatments iT₂, iT₄, iand iT₇ ireceived igood ito ivery igood iacceptability iscores iranging 

ifrom i7.3 ito i7.8, iindicating ithat imoderate ilevels iof ispice iextracts iimproved ithe 

isensory iquality iof ithe ibeverage. iThese iformulations iprovided ia ibalanced iblend iof 

iherbal iaroma iand ispicy iflavor iwithout icausing iexcessive ipungency ior ibitterness. 

In icontrast, iT₃, iT₆, iand iT₉ ishowed icomparatively ilower itaste iscores i(6.7–6.8) iand 

ioverall iacceptability iscores i(6.9–7.2). iThe ireduced iacceptability imay ibe iattributed ito 

ithe ihigher iconcentration iof iindividual ispice iextracts, iwhich iimparted istronger ipungent 

ior ibitter inotes ito ithe ibeverage. 

The icolor iscores iincreased iwith ithe iincorporation iof iturmeric iextract, iwith itreatments 

iT₄, iT₅, iT₈, iand iT₉ ireceiving iscores iabove i8.0 idue ito itheir iattractive igolden-yellow 

iappearance. iAroma iscores iwere ihighest iin iT₅ iand iT₈, isuggesting ithat ia ibalanced 

icombination iof ispice iextracts iproduced ithe imost idesirable ifragrance. 

4.6 iStorage iStability iStudy iof iOptimized iBeverage i(T₅) 

4.6.1 iChanges iin iPhysicochemical iProperties iduring iStorage 

Table.4.6 iChanges iin iPhysicochemical iProperties iduring iStorage 
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Storage 

iPeriod 

i(Days) 

pH TSS 

i(°Brix) 

Viscosity 

i(cP) 

Vitamin iC 

i(mg/100 imL) 

Antioxidant 

iActivity i(%) 

0 3.98 i± i0.02 
12.4 i± 

i0.3 

2.53 i± 

i0.05 
24.6 i± i0.6 71.2 i± i1.0 

10 3.95 i± i0.03 
12.5 i± 

i0.2 

2.56 i± 

i0.04 
23.8 i± i0.5 70.1 i± i0.9 

20 3.92 i± i0.03 
12.7 i± 

i0.3 

2.59 i± 

i0.05 
22.7 i± i0.5 68.9 i± i0.8 

30 3.89 i± i0.04 
12.8 i± 

i0.2 

2.63 i± 

i0.04 
21.3 i± i0.4 67.2 i± i0.7 

The iphysicochemical iproperties iof ithe ioptimized ibeverage i(T₅) iwere imonitored iduring 

irefrigerated istorage ifor i30 idays. iThe ipH iof ithe ibeverage idecreased igradually ifrom 

i3.98 ito i3.89 iduring istorage. iThis idecline imay ibe iattributed ito ithe iformation iof 

iorganic iacids iand ithe ioccurrence iof inatural ibiochemical ireactions iduring istorage. iThe 

iacidic inature iof ithe ibeverage icontributes ito imicrobial istability iand iextended ishelf 

ilife. 

The iTotal iSoluble iSolids i(TSS) iincreased islightly ifrom i12.4 ito i12.8 i°Brix. iThis 

iincrease imay ibe idue ito ithe ihydrolysis iof icomplex icarbohydrates iinto isimpler isoluble 

isugars iand icontinued iextraction iof isoluble icomponents ifrom isuspended ispice 

iparticles. iSimilar iincreases iin iTSS iduring istorage ihave ibeen ireported iin iherbal iand 

ifruit-based ibeverages. 

Viscosity ishowed ia igradual iincrease ifrom i2.53 ito i2.63 icP iover ithe istorage iperiod. 

iThe iincrease iin iviscosity icould ibe iattributed ito ithe ihydration iof ipolysaccharides, 

ipectin isubstances, iand iother isoluble isolids ipresent iin iginger, iturmeric, iand itulsi 

iextracts. iThe iincrease iwas iminimal iand idid inot iadversely iaffect ithe ibeverage 

iquality. 

Vitamin iC icontent idecreased ifrom i24.6 img/100 imL iat ithe ibeginning iof istorage ito 

i21.3 img/100 imL iafter i30 idays. iThe ireduction iin ivitamin iC imay ibe idue ito 

ioxidation iof iascorbic iacid iduring istorage. iDespite ithis idecrease, ithe ibeverage 

iretained ia iconsiderable iamount iof ivitamin iC ithroughout ithe istorage iperiod. 

Antioxidant iactivity idecreased ifrom i71.2% ito i67.2% iduring istorage. iThe ireduction 

imay ibe iassociated iwith ithe idegradation iof iphenolic icompounds, icurcuminoids, iand 

iother iantioxidant iconstituents. iHowever, ithe ibeverage imaintained ia irelatively ihigh 

iantioxidant iactivity ieven iafter i30 idays, iindicating igood ifunctional istability. 

Overall, ithe iphysicochemical iproperties iremained iwithin iacceptable ilimits ithroughout 

irefrigerated istorage, idemonstrating ithe istability iof ithe ideveloped ibeverage. 

4.6.3 iMicrobiological iQuality iduring iStorage 

Table i4.8- iMicrobiological iQuality iduring iStorage 

Storage iPeriod 

i(Days) 

Total iPlate iCount 

i(CFU/mL) 

Yeast i& iMold iCount 

i(CFU/mL) 
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0 ND* ND* 

10 1.2 i× i10² ND* 

20 2.8 i× i10² 1.0 i× i10¹ 

30 4.5 i× i10² 2.0 i× i10¹ 

*ND i= iNot iDetected 

The imicrobiological iquality iof ithe ibeverage iwas ievaluated ithroughout ithe istorage 

iperiod ito iassess iproduct isafety iand ishelf istability. iNo imicrobial igrowth iwas idetected 

iat ithe iinitial istage, iindicating ithat ithe ibeverage iwas iprepared iunder ihygienic 

iconditions iand ipackaged ieffectively. 

The iTotal iPlate iCount i(TPC) iincreased igradually ifrom inon-detectable ilevels ito i4.5 i× 

i10² iCFU/mL iafter i30 idays iof istorage. iThe iincrease imay ibe iattributed ito ithe 

isurvival iand islow igrowth iof inaturally ioccurring imicroorganisms iduring istorage. 

iHowever, ithe imicrobial icounts iremained iwell ibelow ithe ipermissible ilimits ifor iready-

to-serve ibeverages. 

Yeast iand imold icounts iwere inot idetected iup ito i10 idays iof istorage. iLow ilevels iwere 

iobserved ion ithe i20th iand i30th idays, ireaching i2.0 i× i10¹ iCFU/mL iat ithe iend iof 

istorage. iThe ilow ipH iof ithe ibeverage, ipresence iof inatural iantimicrobial icompounds 

ifrom iginger, iturmeric, itulsi, iclove, iand icinnamon, ialong iwith irefrigerated istorage 

iconditions, ieffectively irestricted imicrobial iproliferation. 

The imicrobiological iresults idemonstrate ithat ithe ibeverage iremained imicrobiologically 

isafe iand isuitable ifor iconsumption ithroughout ithe i30-day irefrigerated istorage iperiod. 

The ioptimized ibeverage iformulation i(T₅) iexhibited iexcellent istorage istability iunder 

irefrigerated iconditions. iAlthough islight ireductions iin inutritional iand isensory iattributes 

iwere iobserved, ithe iproduct imaintained iacceptable iphysicochemical iquality, ihigh 

iantioxidant iactivity, idesirable isensory icharacteristics, iand imicrobial isafety ithroughout 

ithe i30-day istorage iperiod. iTherefore, ithe ideveloped ispice-based ifunctional iherbal 

ibeverage ican ibe isafely istored ifor iup ito i30 idays iunder irefrigeration iwithout 

isignificant ideterioration iin iquality. 

5. iConclusion 

The istudy isuccessfully ideveloped ia ispice-based ifunctional iherbal ibeverage iusing 

iginger, iturmeric, iand itulsi iextracts. iThe ibeverage iexhibited idesirable iphysicochemical 

icharacteristics, ienhanced iantioxidant iactivity, iand igood isensory iacceptability. 

iTreatment iT₅ iwas iidentified ias ithe ioptimized iformulation ibased ion ioverall iquality 

iattributes. iHPLC ianalysis iconfirmed ithe ipresence iof iimportant ibioactive icompounds, 

iincluding icurcumin, igingerol, irosmarinic iacid, iand ieugenol. iThe ibeverage iremained 

istable, isafe, iand iacceptable iduring i30 idays iof irefrigerated istorage. iTherefore, ithe 

ideveloped iherbal ibeverage ihas isignificant ipotential ias ia ihealth-promoting ifunctional 

idrink ifor iconsumers iseeking inatural iand inutritious ialternatives. 
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