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ABSTRACT 
Okraplantparticularlyitsfruitishighlymucilagewhich

composedofpectinandhighcontentofcarbohydrate.B

yproductsofokraplantsuchasleavesandmaturedfruits

willbediscardedwhenevertheyoungfruitsareharveste

dwhicheventuallyleadstoenvironmentalpollution.Th

osebyproductshavepotentialtobecomeplant-

basedalternativeforbovineandporkrelatedgelatin.Thi

sstudyaimedtodeterminethegelformationofpectinext

ractedfromokraplantbyproductsparticularlytheleave

s,pulp(skinwithoutseeds)andseeds.Pectinwasextract

edusingasequentialextractionwiththeapplicationsof

hotbuffer(HB)andhotbufferwithchelatingagents(CH

).CHextractiongavethehighestpectinyield(>40%)co

mparedtoHBandDA.TheHBfractionharboredhighly

purifiedpectinduetohighanhydrouronicacidcontenta

nddegreeofesterification.Thehighestpectinyieldwas

extractedfromseedswithanoverallfractionyieldof86

%,followedbytheleaves(75%)andpulp(71%).Thepe

ctinwasblendedwithkonjacglucomannan(KG)in5.0:

1.6ratiotoformgelandstoredfor16-

18hrat4°C±1.0.ThegelformedusingHBextractionwa

sfoundtohavesignificantlylower(p<0.05)gelstrength

thanHBwithCHextraction. 

 

I. INTRODUCTION 
Okra(Abelmoschusesculentus(L.)Moench)

isknownasthelady‟sfingers,„bhindi‟(India),„gumbo‟

(Africa),and„bendiorkacangbendi‟(Malaysia).Theo

kraleavesareslightlybiggerthantealeaveswithlongers

tem;theyalternateatwidespaceintervalsuptothetopoft

hestemandtheyaredeeplydividedwithtoothedmargin

s.Okraiswidelyknownasaviscousmucilaginousplant .  

Pectinisamethylatedesterofpolygalacturoni

cacidthatcontains1,4-linkedα-

Dgalacturonicacidresiduesandcanbefoundinmanyty

pesofplants.Forexample,heteropolysaccharidesderi

vedfromthecellwallofhigherterrestrialplantsandthep

eelsofcitrusfruit,guavasandapples(Sengkhamparnet

al.,2009).Itcanformgelinthepresenceofsugarandanac

idsolutionundersuitableconditions.Itistypicallyadde

dtojamsandjelliesasagellingagent. 

Severalstudieshaveconductedsequentialext

ractionofpectinfromokraleaves,pulp,andseedsandid

entifieditsfunctionalgroups.Besides,therewasastudy

involvedoptimizationextractionandrheologicalprop

ertiesofpectinfromokra. 

However,limitedstudieshavebeendoneupo

ncomparingthegellingformationofanimalbased(gela

tin)andplant-based(pectin). 

Thisstudyappliedtheconceptof“wasteintog

old”whichinvolvedutilizationofokraby-

productthateventuallyreducethewastefrompost-

harvestcultivatedintovaluableplant-

basedhydrocolloid. 
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BOTANICALDESCRIPTION 

 
 

ScientificName ABELMOSCHUSESCULENTUS(HIBISCUSESCULENTUS) 

PlantFamily MALVACEAE(MALLOWS) 

HindiName BHINDI 

SanskritName TINDISHA,PITALI,GANDHAMULA 

EnglishName OKRA,LADIES‟FINGER,EDIBLEHIBISCUS,OCKRO 

OtherNames BENDI,RAMTURAI,DUK 

 

DISCRIPTIONOFOKRAPLANTS 
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BotanicalClassification(Taxonomy) 

Kingdom PLANTAE 

Sub-Kingdom VIRIDIPLANTAE 

InfraKingdom STREPTOPHYTA (landplants) 

SuperDivision EMBRYOPHYTA 

Division TRACHEOPHYTA(TRACHEOPHYTESorVascularPlants) 

SubDivision SPERMATOPHYTINA(SPERMATOPHYTESorSeedPlants) 

Class MAGNOLIOPSIDA 

SuperOrder ROSANAE 

Order MALVALES 

Family MALVACEAE(MALLOWS) 

Genus ABELMOSCHUS(OKRA) 

Species ABELMOSCHUSESCULENTUS(OKRA) 

 

PlantDescription 

TypeofPlant Perennialfloweringplants 

NativeRange 
(GeographicDistribution) 

India,NorthAfrica,SouthAfrica 

Height (growsupto) 1to2meter 

Habitat 

(typeofenvironment) 
Warmtemperateandtropicalregions 

Leaves 10–20cmlonghaving5to7palmatelobesandbroadinshape 

Flowers 4–8cmindiameterwith5lightyellowpetals 

Fruits/Pods 
5to10cmlongFibrousfruits(seedpods)containingmucila

gesubstanceandwhiteseeds 

Seeds Roundandwhiteseeds 

 

THERAPEUTICINDICATIONS 

Okra(Bhindi)ishelpfulinfollowinghealthconditions. 

DigestiveHealth 

Constipation 

Chronicdysentery 

Skin&Hairs 

Usedassoothingandsofteningpoultice 

Kidney&Bladder 

Dysuria(painfulurination) 

Gonorrhealcystitis 

Cystitis 

MEDICINALPROPERTIES 
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Okra(Bhindi)hasfollowinghealingproperties. 

Emollient(softeningandsoothingeffectonskin)–

blandviscidmucilage 

Demulcent(soothestheinflamedskin)–

blandviscidmucilage 

Diuretic 

Aphrodisiac(mucilagesubstanceinunripepods) 

Nutritious 

 

Nutritionalcompositionofokra 
Okraismoreadietfoodthanstaple. 

Okraseedshavebeenusedonasmallscaleforoilproduct

ion.Lipidcomponentsgreatlycontributetothenutritio

nalandsensoryvalueofalmostalltypesoffoods. 

Natureprovidesalargenumberoffatsthatdifferintheirc

hemicalandfunctionalproperties. 

Fourclassesoflipidsarehabituallyfoundinvegetableoi

ls:triacylglycerols,diacylglycerols,polarlipids,andfr

eefattyacids. 

Thefattyacidcompositiondeterminesthephysicalpro

perties,stability,andnutritionalvalueoflipids. 

 

Monoenoicfattyacidsandpolyunsaturatedfattyacidsa

restructurallydistinguishedbythepresenceofrepeatin

gmethyleneunits. 

Theseunitsproduceanextremelyflexiblechainthatrapi

dlyreorientsthroughconformationalstatesandconstit

utesaninfluentialgroupofmoleculesthatpromotehealt

h. 

 

Theoilmainlyconsistsoflinoleicacid(upto47.4%).Ok

raseedoilisarichsourceoflinoleicacid,apolyunsaturat

edfattyacidessentialforhumannutrition. 

Proteinsplayaparticularlyimportantroleinhumannutr

ition. 

Theaminoacidcontents,proportions,andtheirdigestib

ilitybyhumanscharacterizeaprotein‟sbiologicalvalue. 

Okrahasbeencalled“aperfectvillager‟svegetable”bec

auseofitsrobustnature,dietaryfiber,anddistinctseedpr

oteinbalanceofbothlysineandtryptophanaminoacids(

unliketheproteinsofcerealsandpulses). 

Okraseedisknowntoberichinhighqualityproteinespe

ciallywithregardstoitscontentofessentialaminoacids

relativetootherplantproteinsources. 

Hence,itplaysavitalroleinthehumandiet.Okraalsoco

ntainscarbohydratesandvitamins,andplaysavitalrolei

nhumandiet. 

 

Consumptionofyoungimmatureokrapodsisimportan

tasfreshfruits,anditcanbeconsumedindifferentform. 

 

Themaincomponentsaregalactose(25%),rhamnose(

22%),galacturonicacid(27%)andaminoacids(11%).

Themucilageishighlysolubleinwater.Itssolutioninwa

terhasanintrinsicviscosityvalueofabout30%. 

 

Driedokrasauce(podsmixedwithotheringredientsand

regularlyconsumedinWestAfrica)doesnotprovidean

ybetacarotene(vitaminA)orretinol. 

 

Okraseedaspotentialedibleoilandfloursource 

 

Okraseedscontainabout20to40%oil 

 

Okraseedoilyieldiscomparabletomostoilseedcropse

xceptoilpalmandsoybean.Moreover,okraseedoilhas

potentialhypocholesterolemiceffect. 

Thepotentialforwidecultivationofokraforedibleoilas

wellasforcakeisveryhigh. 

Forexample,supplementingmaizeogiwithokrameali

ncreasesprotein,ash,oilandfibercontent. 

 

Okraseedflourhasbeenusedtosupplementcornflourfo

raverylongtimeincountrieslikeEgypttomakebetterqu

alitydough. 

 

Theenormousnutritionalandotherbiologicalactivitie

sinthepodsandseeds. 

Okraseedsweredeterminedtohaveappreciableprotein

content.Thevariationsinpolysaccharidesfoundinthe

mucilagearehigherinokrapods. 

 

Healthbenefitsofokra 

 

Inrecentyears,increasingattentionhasbeenpaidtother

oleofdietinhumanhealth.Thehighintakeofplantprodu

ctsisassociatedwithareducedriskofanumberofchroni

cdiseases,suchasatherosclerosisandcancer. 

 

ThemajorantioxidantsofvegetablesarevitaminsCand

E,carotenoids,andphenoliccompounds,especiallyfla

vonoids. 

 

Theseantioxidantsscavengeradicalsandinhibitthecha

ininitiationorbreakthechainpropagation(thesecondd

efenseline).VitaminEandcarotenoidsalsocontributet

othefirstdefenselineagainstoxidativestress,becauset

heyquenchsingletoxygen. 

 

FlavonoidsaswellasvitaminCshowedaprotectiveacti

vitytoα-

atocopherolinhumanLDL,andtheycanalsoregenerate

vitaminE,fromtheα-chromanoxyradical. 

 

Nutrientantioxidantsmayacttogethertoreducereactiv

eoxygenspieceslevelmoreeffectivelythansingledieta

ryantioxidants,becausetheycanfunctionassynergists. 
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Inaddition,amixturecontainingbothwater-

solubleandlipid-

solubleantioxidantsiscapableofquenchingfreeradical

sinbothaqueousandlipidphases. 

 

 

.Combinationsofα-

tocopherolorvitaminCplusphenoliccompoundsalsop

rovidedsynergisticeffectsinhumanerythrocytememb

raneghostsandphosphatidylcholineliposomesystems. 

 

.Okraseedisrichinproteinandunsaturatedfattyacidssu

chaslinoleicacid.Insomecountries,okraalsoisusedinf

olkmedicineasantiulcerogenic,gastroprotective,diur

eticagents. 

 

.However,littleinformationonantioxidantcapabilitie

sofmajorphenoliccompoundsfromokraseedisavailab

le.Okraisalsoapopularhealthfoodduetoitshighfiber,v

itaminC,andfolatecontent. 

Okraisalsoagoodsourceofcalciumandpotassium. 

 

Okrapodcontainsthickslimypolysaccharides,whicha

reusedtothickensoupsandstews,asaneggwhitesubstit

ute,andasafatsubstituteinchocolatebarcookiesandinc

hocolatefrozendairydessert. 

 

Okraisalsoknownforbeinghighinantioxidantsactivit

ywithdifferentpartsoftheplant.Atawodihasreportedi

nvitroantioxidantassayofmethanolextractofokrafruit

s. 

 

PHYTOCONSTITUENTS 

VitaminsCandE,carotenoids,andphenoliccompound

s,especiallyflavonoids. 

 

VitaminEandcarotenoidsalsocontributetothefirstd

efenselineagainstoxidativestress,becausetheyquenc

hsingletoxygen. 

 

Phenoliccompoundsonantioxidantcapabilitiesofma

jorfromokraseedisavailable. 

 

FlavonoidsaswellasvitaminCshowedaprotectiveacti

vitytoα-

atocopherolinhumanLDL,andtheycanalsoregenerate

vitaminE,fromtheα-chromanoxyradical. 

 

 

Chemicalconstituents 

 

Petalsyieldflavanoidglycosides;gossypetinandhibis

cetinglucosides. 

 

Freshfruitsarerichinpectinandmucilage;itcontainsox

alicacid,protein,fat,minerals(potassium,sodium,mag

nesium,sulphur,copper,manganeseandiodine),carbo

hydrate,calciumandphosphorus. 

 

FreshfruitsalsocontainvitaminA,thiamine,riboflavin

,ascorbicacidandniacin.d-

Galactose,lrhamnoseandd-

dalacturonicacidalsoisolatedfromthemucilageofthef

ruit. 

 

Flavonoidcompoundhasbeenreportedfromfruits. 

 

Essentialoilisolatedfrompodsandseedscontainalipha

ticalchohols,cyclohexanol,ptolualdehyde(infruits),a

-

terpenylacetate(inseeds)andcitral;nonvolatileneutral

partcontainsβ-sitosterol&its3β-galactoside(inseeds). 

 

Leaveshavegotmoreorlesssameconstituents.Ripesee

dscontain10-22%edibleoil. 

 

EdibleUses: 

Immaturefruit-

cookedontheirownoraddedtosoupsetc. 

 

Theycanbeusedfreshordried.Mucilaginous,theyarec

ommonlyusedasathickeningforsoups,stewsandsauce

s. 

 

Seed-

cookedorgroundintoamealandusedinmakingbreador

madeinto'tofu'or'tempeh'.Theroastedseedisacoffees

ubstitute. 

 

Theseedcontainsupto22%ofanedibleoil.(1) 

 

 

 

 

MedicinalUsesOfOkara 

 

Antipasmodic:-

Thisqualityintheseedsisbeneficialtothegastrointestin

altract. 

 

Demulcent: 

Thisqualityoftherootsisveryactiveduetothemucilage

whichcanbeusedtoreplaceplasmid. 

Itisqqualitythatispresentintheleaves,theskinandyoun

gpods. 

 

Diuretic: 
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Theyoungpodsactasadiureticandemollient.Releases

accumulationofwaterthatleadstoswelling/waterreten

tion. 

 

Emollient: 

 

Soothesandsoftenstheskininfusionoftherootsisusedi

nthetreatmentofsyphilis. 

 

ThejuiceoftherootsisusedexternallyinNepaltotreatcu

ts,woundsandboils. 

 

Theleavesfurnishanemollientpoultice.Adecoctionof

theimmaturecapsulesisdemulcent,diureticandemolli

ent. 

 

Itisusedinthetreatmentofcatarrhalinfections,dysuria

andgonorrhoea. 

 

Theseedsareantispasmodic,cordialandstimulant. 

 

OkrainEthnomedicine: 
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METHODOFPREPRATIONOFGELPECTIN 

Plantmaterial 

Plantmaterialsusedwereokrafruitsandokraleaves. 

.Theplantmaterialswerecleanedandtheokrapulp(fruit

withoutseed)wasseparatedmanuallyfromtheseeds.T

hen,theywereimmediatelyfreeze-

driedfor96hrusingafreezedrier. 

Commercialpectin(CP)ofapplepomaceandgelatin(b

ovine)waspurchasedfromSigmaAldrichCo. 

Thesolventsandchemicalsemployedinthisstudywere

obtainedcommerciallyandwereofanalyticalgrade 

 

Preparationof6.67%concentrationofgelatinandcom

mercialpectin 

Thegelatinandcommercialpectinof6.67%concentrati

onwerepreparedbydissolving2.66gofdriedgelatinan

dcommercialpectinseparatelyin40mLdistilledwatera

t60°C. 

Thedissolvedsampleswereheldinarefrigerator(7°C)f

or16–18hrandwereusedinviscosityanalysis. 

 

Fractionationofalcohol-insolublesolids 

Leaves,pulpandseedswerehomogenizedtwicewith70

%(v/v)aqueousethanolatroomtemperaturefor1hr. 

Afterfiltration,theinsolubleresidueswerepooledtoget

herandsoakedinchloroform/methanol(1:1v/v)withag

entlestirringfor30mintoremovelowmolecularweight

(colored)compound 

 

SequentialextractionofokraAIS 

Thesequentialextractionmethodwasconductedaccor

dingtoVierhuisetal.,(2000)withseveralmodifications. 

TheokraAIS(20g)wereextractedusing600mLofthefo

llowingextractants:0.05Msodiumacetatebuffer,pH5.

2(hotbuffer,HB)at70°C,0.05Methylenediaminetetra

aceticacid(EDTA)and0.05Msodiumacetatein0.05M

sodiumoxalate,pH5.2at70°C(chelatingagent,CH)ofs

olublesolids. 

After30minofextraction,theextractwasseparatedfro

mtheinsolubleresiduebycentrifugationat18,500xgfo

r25min. 

Then,thesupernatantwascoagulatedwithisopropanol

andlyophilized 

Sugarcomposition 

Thenaturalsugarcompositionofallfractions(HBandC

Hfractionsofokraleaves,pulp,andseeds)weredetermi

nedbyhigh-performanceliquidchromatography. 

Tenmilligramsofeachfractionweredissolvedin10mL

of2MHClinmethanolandhydrolysedinitiallyat80°Cf

or16hrandsubsequentlyincreasedthetemperatureto1

21°Cfor1hr. 

Thesolventwasevaporatedusingrotaryevaporator. 

Monosaccharides(rhamnose,xylose,arabinose,mann

ose,fructose,glucose,andgalactose)weredetermined

usingaHPLCandrefractiveindex(RI)wasusedasadete

ctor. 

Themobilephaseusedwasacetonitrile/water(75:25,v/

v),withaflowrateof1mL/min. 

Amonosaccharidestandardsconsistingofrhamnose,x

ylose,arabinose,mannose,fructose,glucoseandgalact

osewereusedatconcentrationsbetween1and5mg/mLi

nordertogettheequationofcalibrationcurve. 

Thequantificationofuronicacidinthefractionswasper

formedusingagalacturonicacid 

 

Gelformation 

Gelformationwascarriedoutbymixingthefractionswi

thkonjacglucomannan(KG)intheratioof5.00:1.67(w/

w). 

ThefractionsandKGwereweighedseparatelyandmixe

dtogetherinabeaker. 

Then,waterwasaddedtosolubilizethemixturesandstir

redcontinuouslyfor15mininawaterbathat60°Cuntilit

dissolvedcompletely. 

Next,themixturewasstoredintherefrigeratorfor16-

18hr. 

Thegelmixturewasanalysedtodetermineitsmeltingpo

int,gelstrengthandviscosityat25°C 

 

II. OBSERVATION 
Determinationofmeltingpoint 

Solutioncontainedatotalof6.67%(w/v)offractions(5.

00%)andKG(1.67%)waspreparedinathinwall(12mm

×75mm)screwcaptesttubes. 

 

Thetesttubeswerefilledtoleavesomeheadspaceforgas

releasedduringgelformationandclosed. 

 

Determinationofgelstrength 

Gelstrengthwasmeasuredaccordingtothemethodreco

mmendedbythemanufacturerofthetexturemeasuringi

nstrument(Gómez-GuillénandMontero,2001 

Thepreparedsamplewillalsobeusedforviscositydeter

mination. 

Thedimensionofthesampleinthecontainerwas6cmin

diameterand2cminheight. 

Thesolutionwascooldowninarefrigeratorat7°Cfor16

-18hr. 

 

Measurementsweredoneat25°CusinganInstronmode

l4501UniversalTestingMachine(InstronCo.,Canton,

Mass.,USA)witha5kNofloadcell,cross-

headspeed1mm/s,equippedwitha1.27cmdiametercyl

indricalTeflonplunger. 

 

Maximumforce(expresseding)wasdeterminedwhent

heplungerhadpenetrated4mmintothepectingels. 

Threereplicateswereperformedforeachfraction. 
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Determinationofviscosity 

Thesimilarpreparedsample(6.67%at60oC)fromprev

iousgelstrengthtestwasused. 

TheviscosityofthesamplewasdeterminedusinganAR

-

G2rheometer(TAInstruments,WestSussex,England)

equippedwithaheatingcirculator(Julabo,modelF12,

Germany). 

Aconeandplategeometry(60mmdiameter,1°angle)w

asusedforthemeasurements. 

Approximately1mLofeachsamplewastransferredtot

hePeltierplateandexcessmaterialwastrimmedoff. 

Aplatinumresistancethermometer(PRT)sensorwasp

ositionedinthemiddleofthelowersampleplatetoensur

eaccuratesamplemeasurement(25±0.1°C). 

Flowcurveswithincreasingshearrate(0.01–100s-

1)weremeasuredat25°C. 

ThedownwardcurvewasanalyzedusingTARheology

AdvantageDataAnalysisSoftware(versionV5.7.0)(S

engkhamparnetal.,2010) 

 

Statisticalanalysis 

Alldatawereexpressedasamean±standarddeviation. 

Datawereanalyzedusingone-

wayANOVAusingSPSS15.0.Duncan‟smultiple-

rangetestwasusedtoassessthedifferencebetweenthe

means. 

Pearson‟scorrelationtestwasusedtoassessthecorrelat

ionsbetweenthemeans. 

 

III. CONCLUSION 
Lady‟sfingeralsoknownasokraisaplantwithhighnatu

ralviscousmucilageparticularlyinthefruits. 

Okrawasselectedinthisstudy,duetothehighavailabilit

y,easytogetallyearroundatlowcost. 

Vegetarians,forinstance,couldnotacceptanimalbased

ingredient.Inthiscase,pectinwhichisplantbasedisthe

mostsuitablealternativeforgellingagent. 

Inthisstudy,agelcouldnotbeformedbyokrapectinitsel

f;therefore,anotherpolysaccharideknownaskonjacgl

ucomannan(KG)wasused. 

Toconclude,basedonthegelproperties,HBandCHfrac

tionderivedfromokraleaves,pulp,andseedshavegood

potentialtobecomeplant-basedgellingagent 
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