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ABSTRACT 

Hevea ibrasiliensis, ia ispurge, iis iknown ito ibe ithe imost iexploited ilatex iproducing itree ispecies. iFew 

idecades iago, iVitellaria iparadoxa iknown ias ithe ishea ibutter itree, ia imember iof iSapotaceae iwas 

ifound ito iproduce ilatex iwith ibeneficial iproperties ialthough ithe irate iof iflow iwas iminimal. 

iEnhancing ithe iflow irate, ian iethylene istimulant iused ifor istimulating ithe iflow iof ilatex iin iHevea 

ibrasiliensis iwas iapplied. iIn ithis istudy, ithe iquality iof ishea ilatex iin icomparison ito inatural irubber 

ilatex iobtained ifrom iHevea ibrasiliensis iwas iinvestigated. iThree isamples iwere iused; iHevea 

ibrasiliensis ilatex, ishea ilatex i(unstimulated) iand ishea ilatex i(stimulated). iResults ishowed ithat ithe 

istimulant ipositively iinfluenced ithe iflow irate iof ishea ilatex iand iconsequently, iinfluenced ithe ilatex 

iquality ibiochemically iin iterms iof iproximate icomposition, iionic icomposition i(metallic iand inon-

metallic) iand iphytochemical iconstitution. iComparatively, ithe istimulated ishea ilatex iexhibited iboth 

iphysical iand ichemical iproperties iwhich imakes iit isuitable ifor iconfectionery ipurposes iover inatural 

irubber ilatex. iThese iproperties isuch ias igood ismell, iappearance i(colour) iand ichewiness, ias iwell ias 

itesting inegative ifor iflavonoids iand isaponins ifor iphytochemical icomposition, isimilar ito ian ialready 

iexploited igum ibase i(Manilkara izapota iL.) isuggest ia icomparative iadvantage iof ishea ilatex iover 

inatural irubber ilatex iwhen iconsidered ifor igum imaking iin ithe iconfectionery iindustry. iAlso, ithe 

irelatively ihigh istickiness iand ihigh iadhesiveness iof ishea ilatex imakes iit ia ibetter ioption ifor ibio-

adhesive iover inatural irubber ilatex. 
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CHAPTER iONE 

1.0 iINTRODUCTION 

1.1 iBackground 

The itropical iand itemperate iregions ihave idiverse iplant iresources iand iamong ithese, 

iapproximately i2000 ispecies iof itrees, ishrubs, ior ivines iproduce ilatex; ia isticky, icreamy isubstance 

ithat iis iobtained ifrom icuts iin ithe itree’s ibark ifrom iwhich inatural irubber ior ia iclosely irelated 

isubstance ican ibe iobtained(Subramaniam, i2000). iLatex iis icomposed imainly iof ithe icytoplasm iof 

ispecial itube-like icells icalled ilaticifers, iwhich iare idistinguished ifrom ivascular icambium. iLatex 

iexudes ifrom ithe ilaticifers iwithout imitochondria iafter ithe isoft ibark iis icut ior iwounded i(tapping) 

i(Zhang iet ial., i2017). 

Hevea ibrasiliensis, ialso iknown ias ithe i“Pará itree” ibelongs ito ithe ispurge ifamily, 

iEuphorbiaceae. iA ifast-growing itree, iwhich iseldom iexceeds i25 im iin iheight iin iplantations iand iis ia 

icommercially iknown isource iof inatural irubber ilatex i(Hobhouse, i2005). iAlthough ithe iPará itree iis 

inative ito iSouth iAmerica i(Vijayaram, i2009), i ihistory ihas iit ithat ithe irubber itreewas iintroduced iby 

ithe iBritish iEmpire ito imany iof iits imore itropical iformer icolonies, icomprising iSingapore,Indiaand 

iMalaysia, iwhich iare ipresently iclassified ias ileading iproducers iof irubber. iAmong ithe iworld’s itop 

iten icountries iof ithe ilargest irubber iproducing icountries iis iCôte id’Ivoire iwhich ishares iborder iwith 

iGhana ito ithe iWest. iThe icountry iis inot ionly irecognized ifor iproducing icocoa, iit iis ialso ia ileading 

iproducer iof irubber iand ithe itop-ranked iin iAfrica. iGhana, ia imajor irubber iproducer iof iAfrica, iin 

i2009, ihad inearly i11,255 ihectares iof iland iunder icultivation, iproducingover i16,000 imetric itonnes 

i(Matthews, i2017). 

The ishea itree, ior ikarité ias icalled iin iFrench, ibelongs ito ithe ifamilySapotaceae iunder ithe 

iscientific iname iVitellaria iparadoxa i(Gaertn. if.), ipreviously icalled iButyrospermum iparadoxum 
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i(Gaertn. if.) i(Henry iet ial., i1983 iin iHatskevich iet ial., i2011) iis ia ideciduous itree iindigenous ito 

iTropical iAfrica. iThe itree iis isaid ito ibe inative ito ithe iGuinea iand iSudan iSavanna izones, iwhere ithe 

iformer iis ione iregion ipredominated iby ishea itree ispecies ifound iin ithe iGuinea iSavanna ibelt iof iWest 

iAfrica. iThis ispreads ifrom iSenegal iin ithe iWest ito iSudan iin ithe iEast iand ithe ilatter, ithe iWest iSudan 

iSavanna irunning ifrom ithe iAtlantic iOcean ito ieastern iNigeria iencompassing isome igeographical 

ilocations iin iGhana i(Dalziel, i1955;Nikiema iand iUmali, i2007; iKwasi iet ial., i2012; iAmissah iet ial., 

i2013).Ghana ias iWest iAfrica’s isecond ilargest ishea iexporter i(Hatskevich iet ial., i2011) iis imarked iby 

ithe iabundance iof ishea itrees igrowing iin ithe iwild. iWhen iquantified, ialmost ihalf iof ithe icountry’s 

igeographic iland ispace, ilocated ipractically iin ithe iwhole iarea iof inorthern iGhana iwith ia iland iarea iof 

iover i77,670 ikm2
 i(Hatskevichet ial., i2011) iwith ian iestimated ishea itree ipopulation iof iroughly i9.4 

imillion igrowing iin iGhana i(Dogbevi, i2009).The itree ispecies iis itaxonomically iseparated iinto itwo 

isubspecies, inamely iparadoxa iand inilotica ilocated iin iWest-Central iAfrica iand iEast iAfrica 

irespectively i(Gwali iet ial., i2014). iIt isupplies ivital iproducts iand iecological iservices ito ithe isemi-

arid iregion i(Teklehaimanot, i2004). iMatured ishea itrees igrow ito ia itypical iheight iand igirths iof 

iapproximately i15 im iand i1.75 im irespectively iwith iabundant ibranches iand ia ithick iwaxy iand ideeply 

ifissured i ifire-resistant ibark i(Fobil, i2007). i 

 iAmong iother ieconomically iimportant iproducts, ithe ishea itree ihas ibeen ifound ito iproduce 

ilatex i– ia iresearch iin iprogress i(Fosu iand iQuainoo, i2013;Quainoo iet ial., i2015; iAbdul-Azizet ial., 

i2016; iQuainoo iand iDugbatey, i2016). iHowever, iHevea ibrasiliensis iis iknown ito iproduce ithe imost 

ilatex iand iconsidered ias ithe ionly iimportant icommercial isource iof inatural irubber i(Subramaniam, 

i2000; iVijayaram, i2009). iUpon idamage iof ispecialized icanals iin icertain iplant ispecies ia isticky 

iemulsion ireferred ito ias ilatex iexudes i(Agrawal iand iKonno, i2009). iIn iorder ito iobtain irubber, 

iincisions iare imade iin ithe ibark iof ithe irubber itree, iand ia icreamy isap ifrom ithe ilatex ivessels iconfined 
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iin ithe iinner ibark ioozes iout iand iis icollected. iLatex iis ia imixture ithat icontains iwater, iproteins, 

iphytochemicals isuch ias itannins, iresins iand irubber iin ivarying iquantities i(Cotteret ial., i2009). iThe 

iflow irate iof ilatex iin idiverse iplants iis iknown ito ibe iinfluenced iby iage i(Data iet ial., i1996), iplant 

ispecies i(Agrawal iand iKonno, i2009)and iother ienvironmental ifactors isuch ias itime iof itapping i(Fosu 

iand iQuainoo, i2013). 

Ethylene iis iused ias ia istimulating isubstance iin ilatex iproduction iin iHevea ibrasiliensis. iBark 

itreatment iwith ian iethylene ireleaser i(2-chloroethylphosphonic iacid,) iarouses ilatex iregeneration 

i(D’Auzac iand iRibaillier, i1969) iand ithis ikind iof itreatment iis inow icommonly iused iin irubber 

iplantations ito iimprove iyield i(Dusotoit-Coucaud iet ial., i2010). iSignificantly iethylene itriggers ithe 

iregenerating imetabolism iwithin ithe ilaticiferous icells i(Pujade-Renaud iet ial., i1994). iInsome iclones 

iof iHevea ispecies iwith ilow ilatex imetabolic irate, ian iethylene ireleaser i(ethephon) iis iapplied ito ithe 

ibark iwhich iincreases ilatex iflow iand ilatex iregeneration ifrom ione itapping ito ithe inext i(d’Auzac iet 

ial., i1997). 
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1.2 iProblem iStatement 

Despite ithe iprogressive inature iof iresearch ion ishea ilatex, ithe iflow irate iof ilatex ifrom ithe ishea itree 

ihas inot ibeen iencouraging iand ithere iis ino isingle irecord iof ithe iuse iof istimulants ias idone iin ialmost 

iall iHevea iplantations. iAlso, inot imuch icomparison ihas ibeen idone itaking iinto iconsideration ithe 

imost ilatex iproducing iand ihighly iconsidered iimportant icommercial isource iof inatural irubber iof 

iabout i44.3% i(Agrawal iand iKonno, i2009), ithe ilatex ifrom iHevea ibrasiliensis iexcept iin ia istudy 

iwhich icompares ithe iproximate icomposition iof ishea iand irubber ilatex icarried iout iby iFosu iand 

iQuainoo i(2013).Considering ithe iresults iobtained ifrom ithe istudy, irubber ilatex irevealed ihigher 

ipercentages iof imoisture, icrude iprotein iand icarbohydrate ithan iin ishea ilatex. iHowever, ithere iwas 

ihigher ipercentage iof iash iand icrude ifat iin ishea ilatex ithan iin irubber ilatex i(Fosu iand iQuainoo, 

i2013). iAccording ito iAbdul-Aziz iet ial., i(2016), ithere iis ia ipotential ifor ishea ilatex ito ibe iused ito 

imanufacture ihypo-allergenic ilatex iproducts iowing ito ithe ilower iprotein icontent icompared ito ilatex 

ifrom iHevea ibrasiliensis. iThis icould ibe itrue ibut ialso idebatable isince ino ielucidation iof ithe 

ichemical istructure iof ishea ilatex ihas ibeen idone ito iascertain ithe ipresence iof irubber iparticles iand iat 

iwhat ipercentage iit iexists, ialthough iAgrawal iand iKonno i(2009) ireport ithat iboth ithe istickiness iand 

icharacteristically iwhite icolour iof ilatex iare ioften idue ito ithe ipresence iof irubber iparticles idistributed 

iin ithe ifluid. iAccording ito iLovett i(2004),industry iexperts, iuse imethods iin ithe ishea ikernel 

iextraction iwhich imay idenature ia ipercentage iof ithe iunwanted iunsaponifiables iincluding icertain 

ilatexes ithat ioccur iin iunheated ikernel. iHowever, iit ishould ibe inoted ithat, ithough ithe ilatexes imay 

inot ibe inecessary iin ithe ikernel iextraction iprocess, iit imay iprove iuseful iin iother iareas. 

Further ichemical ianalysis iis ithus irequired, iwhich imay ialso ireveal icertain iother ipotentials iof ishea 

ilatex isince iother iproducts iof ieconomic irelevance iare iobtained ifrom isome ilatexes iin iother ilatex-

producing iplant ispecies. 
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1.3 iJustification 

According ito iAgrawal iand iKonno i(2009), iother iplant ispecies iproduce ilatex iwhich iseveral 

ieconomically irelevant iproducts iare iobtained. iChicle iis iknown ito ibe iobtained ifrom iManilkara ispp. 

ibelonging ito ithe ifamily iSapotaceae iand iis iutilised iin ichewing igum, iand ilacquers iproduced ifrom 

iphenols iin ithe ilatex iof iplants ispecies iin ithe iAnacardiaceae i(Cashew). iBioactive icompounds 

iwhich iare iessential ito ia icouple iof iprocesses iare iobtained iin ilatex ifrom inumerous iplant ispecies 

iincluding ialkaloids isuch ias icardiac iglycosides iin iAsclepias ispp. i(Apocynaceae); ilactucin ifrom 

ilettuce i(Lactuca ispp. iAsteraceae); iterpenes isuch ias ithe isesquiterpene ilactone; imorphine iin 

iPapaver ispp. i(Papaveraceae) iand idigestive icysteine iproteases iin iCarica ipapaya i(Caricaceae) iand 

iFicus ispp. i(Moraceae). i iA istudy iconducted iby iAielo iet ial., i(2014), ialso idemonstrated iinteresting 

iproperties isuch ias ithe iexcellent ibiocompatibility iand icapacity ito istimulate iangiogenesis, iadhesion 

ito icells iand ithe idevelopment iof iextracellular imatrix, iencouraging ithe ireplacement iand 

irejuvenation iof itissue, iprovided iby inatural irubber ilatex imembranes icombined iwith ia imeasured 

irelease iof idrug, imaking iit iimportant ifor ibiomedical iapplications. iIn ithis iwork, ia inatural irubber 

ilatex i(NRL) imembrane iis iused ito iadminister isodium idiclofenac iand inotably ithe idischarge itime iof 

idiclofenac iin ia iNRL imembrane iin ivitro iwas iincreased ifrom ithe icharacteristic i2-3 ihours ifor ioral 

itablets ito iabout i74 ihours. iMurbach iet ial., i(2014) ialso ireports ithat inatural irubber ilatex imembrane 

ican idischarge iciprofloxacin ifor iup ito i59.08% iin i312 ihours iand ithe iprocess iis idue ito isuper icase iII 

i(non-Fickian). iIt iis itherefore inecessary ito ifurther istudy ithe iquality iof ishea ilatex iinto idetail iin 

icomparison ito ithe inatural irubber ilatex iespecially, iand iother iknown iimportant ilatex iproducing 

iplants ito iallow imore iresearch iinto ifinding iout iwhether iit imerits ibeing iexploited iin iindustrial 

iprocesses iincluding ibut inot ilimited ito ithe iproduction iof iother ilatex iproducts ilike igloves, iballoons, 
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ichewing igum iand icondoms iand ialso iin ithe iconfectionary iindustry, ibiomedical iindustry, 

ipharmacological iindustry iand ipharmaceutical iindustry. 

 

1.4 iObjectives 

The icore iobjective iof ithis istudy iis ito idetermine ithe iquality iof ishea ilatex i(Vitellaria iparadoxa) iin 

icomparison ito inatural irubber ilatex iobtained ifrom iHevea ibrasiliensis. 

 

1.4.1 iSpecific iobjective 

1.0 To idetermine ithe iflow irate iof ishea ilatex ias iinfluenced iby iethylene igenerator. 

2.0 To idetermine ithe ibiochemical iand iphytochemical iconstitution iof ishea ilatex ias iinfluenced iby 

iethylene igenerator iin icomparison ito inatural irubber ilatex. 

3.0 To ipredict ithe icomparative iadvantage iof ishea ilatex iover inatural irubber ilatex iand ivice iversa 

ibased ion ichemical ianalysis ias iwell ias iother ilatex iproducing ispecies iwith ieconomic irelevance. 

 

1.5 iAnticipation 

It iis iexpected ithat ithe iethylene igenerator iwill ihave isignificant ieffect ion ithe iflow irate iof ishea ilatex 

iand iits iquality. 
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CHAPTER iTWO 

2.0 iLITERATURE iREVIEW 

2.1 iProfile iof ithe iShea iTree 

The ieconomic iimportance iof iVitellaria iparadoxa ihas iincreased iinterest iinto iits istudy, icultivation 

iand imanagement ias iwell ias iecological idistribution i(Lovett iand iHaq, i2000b, i2000a; iSanou iet ial., 

i2006; iBello-Bravo, iLovett, iand iPittendrigh, i2015;Quainoo iet ial., i2015; iAbdul-Aziz iet ial., i2016), 

ilittle iis istill iunderstood iof ithe ipattern iof icharacterization iwithin iits inatural irange. iRegarding ithe 

itwo iknown iexisting isubspecies i– iparadoxa iand inilotica, ino iclear idistinction iis imade ibased ion 

ileaves, iinflorescences iand iflowers, ifruits ior imorphology. iThe idifference iis imainly ibased ion ithe 

iorigin iof ithe istand: iin ithe iEastern ipart i(subsp. inilotica) iand iWestern ipart i(subsp. iparadoxa) iof ithe 

inatural irange i(Bouvet, iFontaine, iand iSanou, i2004). iMore iin-depth iresearch ineeds ito ibe icarried 

iout iin iorder ito iunderstand ithe igenetic idiversity iof iVitellaria iparadoxa iand idistinctively 

icharacterize itrees iwithin iits inatural irange. iLovett iand iHaq, i(2000b) iidentified ia ihigh ilevel iof 

igenetic ivariation iwithin ipopulations iof iVitellaria iparadoxa ioccurring iin iGhana. iAs ia iresult iof 

itraditional iland imanagement, iLovett iand iHaq, i(2000a) ireported ia iproposed iand iunconscious 

iselection iof isemi-domesticated ilandraces. iThe ireport iindicated ithat i294 itrees iwere icharacterized 

iat i24 idifferent isites ifrom i18 idifferent ilocations iin ithe iBrong-Ahafo, iUpper iWest, iUpper iEast iand 

iNorthern iregions iof iGhana iwith ibroad ivariations iin iseveral icharacters iincluding itree iheight; 

idiameter iat ibreast iheight; inumber iof istems; ileaf iand ipetiole isize; ifruit isize, ishape, iweight iand 

itaste; iseed isize iand icolour; icanopy isize; ibark icolour iand itexture; ileaf iand ipetiole icolour; iand 

iflower isize. iConsidering ithese ivariations, ia iconclusion iwas idrawn ithat iunless itree iage ican ibe 

iaccurately idetermined, ithese ivariables iare inot ito ibe irecommended ifor iVitellaria idiversity istudies. 
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 iIn i1977, ithe ifourth isession iof ithe iFAO iPanel iof iexperts ion iForest iGenetic iResources iincluded 

iVitellaria ias ipart iof ithe iAfrican iforest igenetic iresource ipriorities ifor iin isitu iconservation ias ia 

iresult iof ithe iimportance iof iits inon-wood iproducts. iTree iimprovement iand iconservation 

iprogrammes iare ieither iunderway ior iyet ito ibe iinitiated iin icountries iwhere ithis ispecies iis iutilized. 

iThe iCocoa iResearch iInstitute iof iGhana ibegan iresearch iinto ithe idiversity, imanagement iand 

ipropagation iof ishea inut isince ithe iearly i1980s. iShea itrees ibear ifruits iwhose inuts iare icherished iboth 

ilocally iand iinternationally ifor ithe ieconomic ivalue ithey ipossess i(Gwali iet ial., i2014). iShea ifruits 

iare imostly iamassed iby ihand ipickers, isold ior iprocessed iinto ibutter ifor iseveral ipurposes 

i(Hatskevich iet ial., i2011). i iShea ibutter iprocessing, ia imajor isource iof ilivelihood iin ithe iNorthern 

iregions iof iGhana iwith ithe ipotential ito ialleviate irural ipoverty iin ithese iareas i(Irvine, i1961). iThe 

ishea ibutter iutilization ias icocoa ibutter isubstitute iand iraw imaterials ifor iboth ithe ifood iand icosmetic 

iindustries iis irapidly igrowing ion iglobal imarket. iThis iprovide ihuge iopportunities ito iboost iincome 

iof ithe irural iwomen iin iGhana i(Hatskevich iet ial., i2011). iThe itree iis iconsidered ia isacred itree iby 

imany icommunities iand iethnic igroups iand iplays iimportant iroles iin ireligious iand icultural 

iceremonies iwhere iis ialso ibelieved ito ihave isome ispiritual iprotective ipowers i(Agbahungba iand 

iDepommier, i1989; iVan ider iWatt iand iPretorius, i2001). iIt ihas ibeen iclaimed ito ipossess ipotentials ito 

iimprove inutrition, iboost ifood isupply iin ithe iannual ihunger iseason i(Israel, i2014; iMasters iet ial., 

i2010), ifoster irural idevelopment, iand isupport isustainable iland icare i(Israel, i2014). iIn 

icharacterization iof ithe itrees, iNafan iet ial., i(2009), iclassified ithem iinto ifour icategories iaccording 

ifruiting iseason iand ifruits ifallen irate iand icalled ithem iearly imaturing itrees i– i igenerally ifruits ifall 

istarts iin iApril ito imid-May, imid-season itrees i– ifruits ifall iof ithese itrees ibegin iin iMay iand iends iin 

iJune. iSome itrees iwhich ihave imaturity iperiods ispread iover ithe ientire iproduction itime i(that iis, 
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iearly, iintermediate iand ilate ifruiting iseasons) iand ia ilate iseason itrees i- iThe ifall iof ithe ifruits iof ithese 

itrees ibegins iin imid-May iand iends iin ilate iJuly. 

 

2.2 iMorphology iof iplants 

The irelevance iof iplant imorphology, iincluding imorphogenesis ito ipractically iall ifields iof iplant 

ibiology isuch ias iphysiology, imolecular igenetics, ievolutionary ibiology, iecology iand isystematics 

iremains iunparalleled. iThis isignificance icomes ifrom ithe ifact ithat iother ifields irefer ito ior iinfer ito 

iconceptual iframeworks iof imorphology, imorphological iconcepts, iand imorphological itheories 

i(Sattler iand iRutishauser,1997). 

The irequirement ifor ithe iexistence iof itrees ido inot ionly icomprise iof ithe icapability ito ibuild ia 

ifunctional imulticellular iorganism, ibut ialso ito iproduce ithe inecessary iconstruction, istorage, 

idefense iand iregulatory isubstances. iThese iinclude ithe ibuildup iof istorage iand iother irelevant 

isubstances iinto ithe icells isuch ias istarch, iproteins, ifats ior isubstances iof ithe idefense isystem, inamely, 

ianthocyanins, itannins, idyes, iaromatic iand ibitter isubstances, isaponins, iglycosides, ialkaloids ior 

imetabolic iwaste iproducts. iSome iaccumulate iinto ithe icell iwalls isuch ias icellulose, ihemicellulose, 

ipectin isubstances, icutin iand iother ihigh imolecular iweight iwaxes, ilignin, isuberin, ipolysaccharide 

imucilaginous isubstances ietc. ior iare ilocalized iin ispecific iparts isuch ias iresins, iessential ioils, ilatex, 

igum, irubber iand ithe irest. i 

Woody iplants, iPlantae ilignosae iare iperennials iwith iwoody istems iabove-ground iand iroot isystems, 

iexclusively iadapted ito ithe iterrestrial ienvironment iand iare iable ito ilive ifor iat ileast itwo igrowing 

iseasons, ibut iusually ilonger, ifrom imany iyears, ito iapproximately ithousands iof iyears iwith ia ifew 

iexceptions. iWoody iplants iare istudied iby idendrology; ihowever, idendrology idoes inot icover ithe 

iwhole ipart iof ithe isystem. iThey ican ibe idivided iinto iHoloxyles iand iHemixyles, iwhose istems 
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ilignify iin ithe isame igrowing iseason ias ithey ielongate iand iwhose istems ifully ilignify ionly ias ilate ias 

ithe ifollowing iseason irespectively. iA idamage ito ian iunlignified ipart iin ia irest iseason, idoes inot 

ipresent ia isevere iloss ito ia iplant. iThe iopposite iis itrue i– iif iit isurvives, ia ihemixyle ihas ia istore iin iplace 

iwhen ithe iphotosynthesis istarts iat ithe ibeginning iof ithe inext igrowing iseason. iAccording ito ia iplant 

idesign, iwoody iplants ican ibe idifferentiated ias itrees i- ia idistinctive imain istem iremaining 

iunbranched iin iits ilower ipart, iand ishrubs i- ihigher ithan i0.8 im iwithout ia idistinct imain itrunk, iwith 

ithe istem ibranching iat iits ibase iabove ior ibelow ithe isoil isurface. iTrees ihave ia ilarge, iextensive iroot 

isystem, iwhich ipasses iinto ia icompact, ispace- iminimized i(intense) iand iclearly iestablished itrunk 

inear ithe isoil isurface. iBranches iform ion ithe itrunk iat icertain iheight iabove ithe iground iand icarry ia 

icrown. iThe icrown iusually igrows iin iits iperiphery, iviz. iin iheight iand iwidth iand ithe istem ican ibe 

ifound ieither iaround ifull ilength, ior iit imay isoon iform istrong, inumerous iskeletal ibranches i(as 

isolitary ibroadleaf). iShrubs, iwoody icushion iplants iand icreeping iwoody iplants ialso ihave iextensive 

iaboveground iand ibelowground isystems i(Martinková iet ial., i2014). iHowever, ithey ido inot ibuild ia 

itrunk, ithus ithey idevelop inew iand istronger ibranches ifrom ithe ilower ibuds, iviz. iclose ito ithe isoil 

isurface. iShrubs iwith ia iroot isystem icovered iin ithe isoil iare iknown ias ichtonophytes. iAbove-ground 

iparts iof iwoody icushion iplants ialso ihave ia inearly ihemispherical ishape iwith idense, ishort ishoots 

iaround ithe isurface. iAbove-ground iparts iof icreeping iwoody iplants iare ipressed iagainst ithe isurface 

iof ithe isoil iand ithe iends iof ibranches imay ibe iascending. iLiving icells iform ia iprotoplast, iconsisting 

iof ithe icytoplasm imade iup iof icytosol iconstituting icolloidal isolution iof iwater, iprotein, ifat, 

isaccharides, iand icomplex imembranes, iorganelles, inucleus, ivacuoles iand iergastic isubstances 

iproduced iby icell iactivities isuch ias icrystals, irubber, ioil, iresin. iVacuoles iare iprimary istorage ispaces 

iof iwater, isaccharides, iamino iacids, iproteins iand ilipids; ithey imight ibe ipart iof idisintegrative iand 

iexcretory iapparatus iand imight ihave iprotective, idefense iand ialarming ifunctions isuited ifor itoxins 
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iand ipigments. iErgastic isubstances iinclude istarch, ilipids, iproteins ias istorage isubstances, icellulose, 

iand ilignin ias istructural isubstances iand isubstances iwith iphysiological iand iecological ifunctions 

i(crystalline iinclusions, iaromatic isubstances ietc.). i 

The itrunk iof ia itree iis ithe iunbranched ipart iconnecting ithe iroot iand ithe itree icrown, istems ifound 

iwithin ithe icrown iare icalled ibranches. iTrunks iusually ihave ithe iradial isymmetry, ithe imost ifrequent 

ishape iis icylindrical, ibut imay ialso ibe imuscular, iflattened ietc. iand iit iis iextended iby iroots iat ithe 

ibottom i(Martinková iet ial., i2014). i 

The ichanges iin ithe ithickness iof ithe ibark iwhich iis ireversible iare iwell idocumented. iIn icertain itimes 

iof ithe iseason, ithese ivariations iin ibark ithickness iportray ia idistinct idiurnal ioscillation iwith 

ishrinkage iand iswelling iduring ithe iday iand iovernight irespectively. iThe irhythm iof ishrinkage iand 

iswelling ibecomes imore iirregular ion icloudy ior irainy idays iand iswelling iincreases. iLövdahl iand 

iOdin i(1992) istimulated ivariations iin ibark ithickness iby iregulating itemperature iand iair irelative 

ihumidity iin ichamber-grown iNorway ispruce iseedlings i(Picea iabies i(L.) iKarst.). iThe istudy 

irevealed, ihowever, ithat ithe idaily ivariations iin itrunk idiameter iremain iunaffected, iand iestablished 

ithat ichanges iin ibark ithickness isignify ithe ihygroscopic ibehaviour iof itree ibark iand iare inot 

idependent iof ithe irate iof itranspiration. iAside ifrom ithe idaytime ichanges iin ibark ithickness iduring 

icertain iseasons, iin isummer iparticularly, ithere iare ialso ifluctuations iin istem ithickness iwhich icannot 

ibe iexplained ialso ioccurring iin iwinter, ieven iat itemperatures ibeyond ithe ifreezing ipoint. iLoris iet ial., 

i(1999) isuggested ithat ithese iforms iof ifluctuations iin istem ithickness ican iserve ias iagauge iof iwater 

istress. iThis ioccurs imostly iwhen isoil iwater ifreezes iand icuticular iand iperidermal itranspiration irises 

iin ireaction ito itemperature iranges iabove ifreezing iair itemperatures. iLoris iet ial., i(1999)established 

ithat iwater itransfer ialong ian iosmotic igradient iaccount ifor ithe ichanges iin istem ithickness, iover ithe 

iwhole itree itrunk iand iover ia iperiod iof itime. iThe itime icourse iof ireversible ibark ithickness ichanges 
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icoupled iwith ithe ichanges iin irelative ihumidity iwith ia ilag iof i2 ito i3 ihours. iHowever, ithe irelation 

ibetween ichanges iin irelative ihumidity iand ivariations iin ibark ithickness ivaried ibetween iperiods iof 

iclear iand isunny iweather iand iperiods ifollowed iby ia irainy iday. iThere iwas ia icorrelation ibetween 

irelative ihumidity iand ivapor ipressure ideficit i(VPD) idue ito ithe inarrow itemperature irange iwithin 

ithe iexperimental iperiod. iTherefore, ithe istrong irelationship ibetween isap ivelocity iand iVPD ishown 

ito ibe iabove ia ithreshold iof iabout i300 iPa, isuggests ia istrong irelationship ibetween isap ivelocity iand 

irelative iair ihumidity. iNevertheless, ithis irelationship iwas ivaried iin isome icases, ias ishown iby 

iresults iwhen ithere iwas ia idecrease iin irelative iair ihumidity iand ia idecrease iin ibark ithickness, ibut ino 

isap iflow iwas idetected. i(Gall iet ial., i2002). 

Apart ifrom iclassical iconducting isystems iincluding ithe ixylem iand iphloem, iwhich iare iwidely 

ispread iin ivascular iplants iwith iwell-defined ibasic ifunctions iin iplant iphysiology, ithere iare ialso 

ilaticifer istructures, irepresenting ian iindependent isecretory-like iduct, iwhose iintrinsic icellular 

imetabolism iand ifunctions iremain ito ibe iestablished iin idetail. iLaticifers idifferentiate ithemselves 

inot ionly iin imorphology ibut ialso iin itheir ifunctions ifrom itrue iconducting isystems. iLaticifers iare 

itrue ispecialized icells, iwith ithe iability ito idifferentiate iand iexpress idistinct iDNA iinformation 

iresulting iin ithe isynthesis iof isome ispecific iproteins iand imetabolites. iNatural irubber iis ithe imost 

icommon ichemical iproduct iresulting ifrom ilaticifer ibiochemistry. 

 

2.3 iLatex isources  

Found iin ilong ibranching itubes iknown ias ilatex itubes ilaticifers iis ithe imilky ijuice iknown ias iplant 

ilatex. iDepending ion ithe iplant ispecies ithis ijuice imay ibe iwhite, iyellow ior ipinkish iin icolour. iIt iis ia 

iviscous ifluid iand icolloidal iin inature i(Mahajan iand iBadgujar, i2008b). 
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In ithe i19th icentury, ithe ilatex isystem iof iplants iwas ione ithat ireceived iattention iand iwas isubjected ito 

ivarious isorts iof iinvestigations. iBy ithe imiddle iof ithat icentury, ienough iresearch ion ithe ifeatures iand 

istructure iof ithe ilatex isystem ihad ibeen icompleted iwith ia ifairly iaccurate iidea iof ithe ielements 

iconstituting ithose isystems iin ia ifew iof ithe imore icommon ifamilies i(Lommasson, i1962). 

Esau i(1965), ireported ithat iduring ithe icreation iof iarticulated ilatex ivessels i– ia itype iof ilatex ivessel, 

icell ifusion itakes iplace iand iwalls ibetween iadjacent idifferentiating icells ibreak idown. iSassen i(1965) 

ireported ithat ithe iwall iis idissolved ienzymatically iby imeans iof ielectron imicroscopic iinvestigation. 

iBecause ilatex iis ia iterm ithat icovers idozens iof itypes iof isecretions, ihence ithere iis ian iextremely iwide 

idiversity iin itheir iultrastructure iand iit iis iat ithe ilevel iof ielectron imicroscopy ithat istructural 

iinconsistencies ican ibe ianalyzed i(Abd iRazak, i2000). 

 iSince icellulase itakes ipart iin ithe ibreakdown iof iwall imaterial, ithe ilatex iof ivarious iplants ihas ibeen 

iexamined ifor ithe ipresence iof ithis ienzyme. iThe ilatex iof iseveral iplants iwith inon-articulated 

ilaticifers ihas ialso ibeen iinvestigated ifor icellulase; iwithout icell ifusion ior ibreakdown iof icell iwalls, 

ilaticifers iof ithis itype idevelop iby iintrusive igrowth i i(Esau, i1965). i iEvidently iit iwas irealized ithat 

icellulase iis ipresent iin ilatex ifrom iarticulated ilaticifers, iand iwas iabsent iin ilatex ifrom inon-

articulated ilaticifers, istrongly iindicating ithat ithe ienzyme icellulase iis iconcerned iwith ithe iremoval 

iof iwall imaterial iduring idifferentiation. iThe iactivity iof icellulose iis ivaried iamong idifferent ispecies, 

isome iare ihigh, icompared ito iother ireports iof icellulase iactivity iin icertain iplant itissues; ifor iexample, 

iSheldrake, i(1969) ireported ia icellulase iactivity iof iHevea ibrasiliensis ilatex iwhich iis i50-150 itimes 

ithat iin iexpressed isap ifrom ithe istems iand ileaves iof itobacco iplants iTracey i(1950). 

The ilatex isystem, iapart ifrom ithe iarticulated imay ibe iof ibranched inon-articulated ilaticiferous icells. 

iThese ilaticifers iare ispread iout iregularly ior iostensibly iat irandom ithrough ithe icortex iof iroot iand 

istem idepending iupon ithe ispecies. iThere iare istill ilactiferous icells iapparent ithe iroot iand istem ieven 
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iwhen ithe iouter icortex iis idestroyed iby iperiderm iin ithe iroot ior ithe iinner icortex iby icrushing iin ithe 

istem. iHowever, iin ithe ileaf iis ifound ithe imost iextensive ibranching inetwork iof ilaticifers. iThe 

icommonest ilatex isystem iin ithe ileaf iwas ifound ito ibe ithe isub-epidermal isystem i(Lommasson, 

i1962). iThe ilatex isystems iof ithe iroot iand istem iremain iactive iafter iperiderm iformation iin ithe iroot 

iand icrushing iof ithe icortex iin ithe istem. iThe iintrusive igrowth iand isubsequent iexpansion iof 

isurrounding icells iaccounted ifor ithe iirregularities iof ithe ipathways iof ithe ilaticiferous icells. iStraight 

ilaticifers imay iprobably ibe ias ia iresult iof isymplastic igrowth. iBranching ioccurred imost ifrequently 

inear ithe ipoint iof iorigin iof ilateral istructures i(Lommasson, i1962). 

In iHevea ibrasiliensis, ithe iabsence iof icytoplasmic iconnections ior iplasmodesmata ibetween 

ianastomosed icells iand itheir ineighboring icells iis ia iunique ifeature iof ithe ilaticifers i(Hebant, i1981). 

iTherefore, icontents iof ithe icytoplasm ishould ibe ithe ionly icomponent iof ithe iexuded ilatex ifrom 

ilaticifers, iuncontaminated iby ithose iof iother icells i(Kush iet ial., i1990). iIn iaddition ito ithat, ithe 

icolour iof ithe ilatex imay idiffer ibetween ispecies. iMetcalfe i(1967) iadded, ifor iexample, ithat iit imight 

ibe iyellow i(Cannabis), iorange i(Papaver), ired, ior ieven igreenish iin idifferent itaxa. 

 

2.4 iLaticiferous icells 

These icells iare iregularly idistinguished ias isingle icells ifrom ithe icambium iand iarranged iin 

iconcentric ilayers i(mantels). iUpon imaturation, ithe ilaticifers ijoined iin ia itube-like imanner iwithin 

ieach imantel, iforming ilaticifer inetworks, ireferred ito ias ia ipara-circulatory isystem(de iFaÿ iand 

iJacob, i1989.; iHébant iand iFaÿ, i1980).Morphologically, ilaticifers iare iclassified iinto itwo. iThey 

imay ibe ieither iarticulated ilaticiferous icells ior inon-articulated ilaticiferous icells. iThese ilaticifers iare 

isimilar ito ixylem ivessels ito isuch ian iextent ithat ilaticiferous ivessels ioriginate ifrom irows iof 

imeristematic icells iin iwhich ithe itransverse isepta ibecome iabsorbed iat ian iearly istage iof 
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idevelopment i(Lommasson, i1962). iThe isimple ilaticifers ican ibe isaid ito ibe icreated ifrom isingle icells 

iwhile ithe icompound ilaticifers iare iderived ifrom iseries iof icells. iIn ispecialized istates, ithe iseries iof 

icells iin ia icompound ilaticifer iare iunified iby idissolution iof iintervening iwalls. iDue ito ipresence iof 

ithis ijunction iof icells ithe icompound ilaticifers iare icommonly iknown iarticulated ilaticifers, iwhereas 

ithe isimple ilaticifers iare ireferred ito ias inon-articulated. iThese itwo itypes iof ilaticifers imay ibe 

ibranched ior iunbranched iand iare imostly ireferred ito ias i'vessels', iprobably idue ito itheir iresemblance 

iin iorigin ito ithat iof ithe iconducting ielements i(Abd iRazak, i2000). iThey iare ihowever iliving iand 

icoenocytic iin inature. iIn imature iplants, ithey imay iexist ias inon-anastomosing isystems, ior ithey imay 

iform iseveral ibranches. iThe ivessels iform ithe ianastomosing isystem iby ithe ijoining iof imore ior iless 

iparallel iducts ithrough iconnecting iliving icells. iMembers iof ithe ifamilies iPapaveraceae, 

iCaricaceae, iMusaceae iand ithe igenera; iHevea iand iManihot iin ithe iEuphorbiaceae iare iknown ito 

ihave ilaticiferous ivessels i(Lommasson, i1962). iLaticiferous icells iare istructurally icoenocytes 

icreated ifrom ia isingle icell. iInitial icells imay ibe idistinguished iin ithe iyoung iembryo iat ithe iinner 

imargin iof ithe iprimary icortex iin ithe icotyledonary inode. iAs ithe iplant imature ithe ilaticiferous icells 

igrow iinto ia ibranching isystem iramifying ithroughout ithe ientire iplant ibody iand iit iis ireferred ito ias 

iintrusive igrowth. iAlso ia iconsiderable iamount iof igrowth iis isvmplastic igrowth i(Lommasson, 

i1962). iIn istudy iconducted ito idetermine ithe idistribution iand ilocation iof ilaticifer ivessels iin ithe 

iplant, iTransmission iElectron iMicroscopy i(TEM) iwas iused ito icharacterize ithe iultra-structural 

ifeatures iof ithe icells isecreting iand istoring ithe ilatex. iThe iTEM ishowed ithat ithe ilaticifer icells ihave 

iwell-preserved icytoplasm iand iorganelles ifrom iwhich ia iconclusion ican ibe idrawn ithat imetabolic 

iactivity iis istill iintact. iThe imature ilaticifer icell ihas ia ilarge icentral ivacuole ifull iof ilatex iaccumulated 

iin ia ilarge iosmiophilic idroplet. iSmaller idroplets iof ithe ilatex iare ialso iadhered ito ithe itonoplast. i 

iSurrounding ithe ivacuole iwas ia ithin ilayer iof iwell-preserved iparietal icytoplasm. iPlastids, 
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imitochondria iand irough iendoplasmic ireticulum iprofiles iwell-structured iwere ipresent iand ishowed 

ino isigns iof idegradation. iIn iparticular, ithe ilaticifer icell iplastids iheld inumerous iosmiophilic 

idroplets, iwhile ithe iplastids iin ithe isurrounding iparenchymal icells icontained ionly istarch 

i(Sacchettiet ial., i1999). iThe ifindings iderived ifrom imicroscopy ion iall iplant ilaticifers ishowed ino 

isignificant istructural idifferences ibetween ithe ilaticifer icells iin ithe idifferent iorgans i(Sacchetti iet 

ial., i1999). iEmphatically, ithe iplastic iresponse ito ibiotic ienvironmental ifactors, iincluding iinduced 

iproduction iof iplant idefense ichemicals iin iresponse ito iherbivory iand ipathogens, iand ithe ieffects iof 

iendophytic ifungi iand iother isymbionts ion ihost iplant idevelopment iand ilife ihistory i(Cheplick, 

i1997). iUsing ioptical iand ielectron imicroscopy, ithe idistribution, icytological iorganization iand 

idevelopment iof ilaticifers iin isome ilatex iproducing iplants ihave ibeen iinvestigated. iThe ipattern iof 

idistribution iof ilaticifers iin iall ispecies istudied iexhibited isimilar icharacters. iThey iwere ifound iin ithe 

istem icambium, ipetioles, ileaves iand iroots, ior iclosely ilocated iwithin ithe ivascular ibundle. iChalk 

i(1983) igives ia idetailed ireport ion ithe istructure iand idistribution iof ilaticifers. iIn ithe iadvent iof 

itechnological iadvancement iin imicroscopy, iincluding ipreparation itechniques isuch ias icryo-

preparation iand ilow itemperature ielectron imicroscopy, iit ihas ibeen ipossible ito iretain ithe iexactness 

iof ithe icells iwithout iusing idestructive ichemicals. iThese imethods ihave ioffered iopportunity ito 

ifurther iunravel ilaticifer iarchitecture iand icellular iorganization. iGenerally, ilaticifers iwere iknown ito 

ifunction ias ia ispecial itype iof istorage ior iexcretion isystem iin iplants. iAgain, iit iis inoted ithat iin ialmost 

iall iof ithe ilaticiferous iplants, ilatex ihas ibeen iobserved ito ihave isome irepellent iproperties iagainst 

iinsects, iproviding ithe iplants iwith ia idefense imechanism iagainst ipest iattack. i 

2.4.1 iArticulated iLaticifers 

Basically, ithere iexist idifference ibetween iarticulated ilaticifers iand inon-articulated ilaticifers iin 

iterms iof idevelopment iand istructure. iThe iarticulated ilaticiferous ivessels iare iconcentrically 
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iarranged iin irings iin ithe iphloem i(Zhang iet ial., i2017).Huang iand iSterling, i(1970) iobserved iin 

iAllium ithat iplasmodesmata iconnects itwo iadjacent ilaticiferous icells, ihowever iin iother itissue ithere 

iis iusually isome iform iof iperforation iof ithe icommon iwall. iThese istructural ivariations iof ithe 

iarticulated ilaticifers iallows ia ifurther idivision iinto itwo isubgroups. iSeveral iof ithe iarticulated 

ilaticifers icomprise iof ilong icell ichains ior icompound itubes inot ilaterally iconnected iwith ieach iother. 

iThese iare iknown ias iarticulated inon-anastomosing ilaticifers iwhereas iothers iform ilateral 

ianastomoses iwith isimilar icell ichains ior itubes, icoming itogether ito iform ia inet-like istructure ior 

ireticulum iand iare ialso iknown ias iarticulated ianastomosing ilaticifers i(Esau, i1965). iThe iarticulated 

ilaticifers ican ibe ipresent iin iall iparts ior itissue iof ithe iplant ibody, iindependent iof ithe iage, ivegetative 

ior ifloral. iHowever, iin iHevea ibrasiliensis, ithe imost iimportant ilaticifers iare ifound iin ithe ibark ifrom 

iwhere ithe ilatex ior irubber iexudes iwhen iit iis itapped i(Gomez, i1982). iLaticifers iare ifound iin iall 

iorgans iof ipawpaw, iand iits ilaticifer iare iclassified ias iarticulated, ianastomosing, imultinucleate iat 

imaturity i(easily iseen iin imature ifruit), iand iespecially icommon iin ithe iperiphery iof igreen ifruit ifrom 

iwhich ilatex iis icollected icommercially i(Fisher, i1980). 

 

2.4.2 iDevelopment iof iArticulated iLaticifers 

According ito iEsau i(1965), ithe iarticulated ilaticifers idevelop iinto iextensive itube-like istructures iby 

ithe iconsecutive iaddition iof inew iprimordial icells ito ithe iexisting iones iand inot inecessarily ithe 

igrowth iof iindividual icells. iThis iform iof igrowth itakes iplace iby ithe icontinuous iinitiation iof ithe 

inearby iparenchyma icells, iwhich iare ilater iconverted ito ilaticifer icells. iAs ithe inewly iadded icells 

iadjacent ito iolder iexisting ilaticifers icells idifferentiate, ithe icommon iwall ibecomes iperforated, iand 

ithe inew icells iare iadded ito ithe ilaticifer, iwhich iis isimilar ito ithe isynthesis iof ithe ixylem ivessel iwhere 

inew ivessel ielements iare iadded i(Mauseth, i1988). 
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Depending ion ihow ithe ideveloping ilaticifers iinterrelate iwith ithe ineighboring icells iduring ithe 

idifferentiation, ithere iare itwo itypes iof idevelopments iin iarticulated ilaticifers, inamely ithe inon-

anastomosing iarticulate ilaticifers iand ianastomosing iarticulate ilaticifers. iNon-anastomosing 

iarticulated ilaticifers ioccur iin isome ispecies iwhich imostly ibears isingle ilaticifer icell, iwhich 

ialthough iare iin irow iwith ineighboring icells, idoes inot imerge iwith ianother ilaticifer iduring iits 

idifferentiation. iPlant ifamilies isuch ias iAchras i(Sapotaceae), iAllium i(Liliaceae), iIpomoea 

i(Convolvulaceae) iand iMusa i(Musaceae) iare imostly icharacterized iby ithis itype iof ilaticifers. iOn ithe 

iother ihand, iMeconopsis, iPapaver i(Papaveraceae); iCarica i(Caricaceae); iCichorium, iLactuca, 

iTaraxacum, iTragopogon i(Compositae); iand iHevea, iManihot i(Euphorbiaceae) iare icharacterized 

iby iarticulated ianastomosing ilaticifers, ione iin iwhich ilaticifer ican ifuse iwith iothers, iforming ian 

iextensive ithree-dimensional inetwork ithat iruns ithrough ithe ientire iplant. iBranching iof ilaticifer 

isystem imakes ithis iformation ipossible. iHowever, ithe ilaticifer iitself idoes inot igrow iout ito iform ithe 

ibranch; iregular iparenchyma icells ithat ilie ibetween itwo iexisting ilaticifers iare iinduced ias ian 

ialternative, i idifferentiating iinto ilatex-bearing icells i(Blaser, i1945; iVertrees iand iMahlberg, i1978). 

iIn ia istudy iconducted iby iSheldrake iand iMoir i(1970) iusing ielectron imicroscopy ion iseven ispecies 

iwith iarticulated ilaticifers iand i4 ispecies iof inon-articulated ilaticifers, istrongly ireported ithat ithe 

idissolution iof iwalls iin iarticulated ilaticifers iis ienzymatic, iand iit iis iby icellulase ipresent iin ithe 

ilaticifers iitself. iAlso, isuggesting ithat ihigh ilevel iof iauxin icould ialso ihelp iincrease icellulase iactivity 

iby iweakening ior iloosening ithe istructure iof ithe icell iwall. iThe ipresence iof ienzymes iin ithe ilaticifers 

iis ianother icriterion iused ito idivide ilaticifers iinto itwo igroups iof i- iarticulate iand inon-articulate. iAn 

iassay istudy iconducted ion ia ispecies iwith iarticulated ilaticifers ishowed ia ivery ihigh icontent iof 

icellulase, iwhereas ithere iis ihardly iany ievidence iof icellulase iin ithe inon-articulated ispecies. iThis 

ialso iexplains iwhy ilaticifers iare iabundant iand iconcentrated iin icertain ispecies, ifor iexample iHevea 
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ibrasiliensis, iwhere ithe icellulase icontent iis iestimated ito iabout i50-150 itimes ihigher ithan ithe iother 

ispecies i(Sassen, i1965; iSheldrake iand iMoir, i1970). iTracey i(1950), ialso ireported ithat ithe iamount 

iof icellulose iis ihigher iin ithe iyoung itree ias icompare ito ithe imature itree, iprobably idue ito ithe iactive 

idifferentiation iof icells itaking iplace. i 

 

2.4.3 iNon-Articulated iLaticifers 

Single icells iare ithe iorigin iof inon-articulated ilaticifers, iwhich ithrough icontinuous igrowth idevelop 

iinto itube-like istructures, imostly ibranched, ibut inaturally ido inot ihave ifusions iwith iother isimilar 

icells. iThe idegree iof icomplexity iin inon-articulated ilaticifers ivary iin itheir istructure. iSome iundergo 

iextra idevelopment iinto ilong, irelatively istraight itubes; iothers ibranch ifrequently, ieach icell iending 

iup iin ithe iformation iof ian iimmense isystem iof itubes. iEsau i(1965) isuggested ithat ithese itwo itypes iof 

istructures ican ibe icalled inon-articulated iunbranched ilaticifers iand inon-articulated ibranched 

ilaticifers, irespectively. 

Naturally ithe inon-articulated ilaticifers iare iextraordinarily ilong icells, ioften istretch ifrom ithe iroot iup 

iinto ithe istem iand ileaves. iStill, iin icertain ispecies, isuch ias iCryptotesgia, iJatropa i(Dehgan iand 

iCraig, i1978) iand iParthenium iargentums i(Metcalfe, i1967) ithe inon-articulated ilaticifers iare ismall, 

irather iisodiametric iidioblasts, iresembling imyosin icells ito isome iextent. iIn isome ispecies ithey iare 

iunbranched ias ifor iinstance iCannabis i(Moraceae); iUrtica i(Urticaceae) iand iVinca i(Apocynaceae). 

iIn iothers, ithey ibranch irepeatedly, iforming ian ieven imore iextensive inetwork ias iin iAsclepias, 

iCerepegia, iCrypstostegia i(Asclepiadaceae); iBroussoetia, iFicus, iMadura i(Moraceae); iNerium 

i(Apocynaceae) iand iEuphorbia, iJatropha i(Euphorbiaceae). 
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2.4.4 iDevelopment iof iNon-articulated iLaticifers 

Non-articulated ilaticifers ican ibe ifound iin iany ipart iof ithe iplant, iusually iin ithe isoftest iregions isuch 

ias ithe ipith iand icortex, istill ithey ican ienter ileaves iand ileaf igaps ias iwell ias iwood iand iphloem 

i(Mauseth, i1988). iBlaser i(1945) idescribe ihow ithe itip iof ithe inon-articulated ilaticifer imay iinvade 

ithe imargins iof ithe ishoot iand iroot imeristems, ibut ias ithe imeristem igrows ifurther, ithe ilaticifer 

icontinuously iinvades istem iand iroot itissues iwhich iare inewly iformed. iIn isome ispecies, iolder iplant 

iwill ihave imore ilaticifers ithan ia iyounger iplant ias iin ithe inew itissue inew iinitials iare iformed. iOn 

irecord, ithere iare ivaried iforms iof inon-articulated ilaticifers iand iat imaturity isome iplants ispecies 

iportray ilaticiferous icells ithat imay idevelop iinto ivery ilarge isystems iwhich iextend ithroughout ithe 

idifferent ishoot iand iroot itissues. 

A iresearch icarried iout iby iRoy iand iDe i(1992) ion idifferentiation iof inon-articulated ilaticifers iof 

iCalotropis igigantea i(Linn.) ihighlight ithe ianatomy, idistribution, istructure iand iultra-structural 

iorganization iusing iboth ilight iand ielectron imicroscopy. iThey ireported ithat iprior ito ia isequential 

ibreakdown iof ithe icomponents iof icells iwith ipreservation iof ia ithin ilayer iof iperipheral icytoplasm 

iand ithe icreation iof icentral ivacuole iis ithe ibroadening iand ifusion iof ithe ismall ivacuoles itogether 

iwith ithe idegeneration iof icell icomponents. iFrom ithe iobservation, iCalotropis iis icomparable iFicus 

icarica iand itobacco iin iformation iof ivesicles ifrom iperipheral icytoplasm iand ithe irelease iof ielectron 

idense iosmiophilic iglobules iinto ithe ivacuole iof ithe icells i(Rachmilevitz iand iFahn, i1982). iHowever, 

ithere iare istill ipossibilities ifor inon-articulated ilaticifers ito igrowth iat itheir itips iportraying ian 

iintrusive imanner iof igrowth. iAccording ito iWilson iet ial., i(1976) ithe iintrusive igrowth iand iextensive 

ielongation iof inon-articulated ilaticifers idiscovered iin imilkweed, iAsclepias isyriaca iL, iproposes 

ithat ithere ishould ian iactivity iof ia ipectolytic ienzyme isystem. iThe ipectinase imay iplay ithe irole iof 

iloosening ior idissolving ithe imiddle ilamellae ibetween icells iand iallowing iintrusive igrowth iof ithe 
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igrowing itip iof ithe ilaticifer. iSupposing ithat ithe ienzyme iis isynthesized iin ithe ilaticifer, ieven ithough 

ithe ispecific isite iof isynthesis iwithin ithe icell iis inot iyet iknown, ithey ihowever iconcluded ithat ithe 

idissolution iof ipectic isubstance iof ithe imiddle ilamella iis ias ia iresult iof ilaticifer isecreting ipectinase 

iahead iof ithe igrowing icell itip iand ihence ifacilitates ipenetration iof ithe ilaticifer iamong iother icells 

iduring iits igrowth ithroughout ithe iplant. iStill, ithe ipectolytic ienzyme imay ibe iresponsible ifor 

iloosening icell iwall imaterial iproximal ito ithe itip iof ithe ilaticifer ito iallow icell ielongation. iAbd iRazak 

i(2000), ireferred ito ithis icriterion iof ienzyme ireleasing imechanism ias ia isignificant igrouping 

icriterion ibetween iarticulated ilaticifers iand inon-articulated ilaticifers; ithat iis itoward ithe itips iof ithe 

ilaticifers iinstead iof iin ithe ilaticifers iand idissolving icell iwalls iat iany ipoints ialong ithe ilaticifers. i 

 

2.4.5 iComparison ibetween iarticulated iand inon-articulated ilaticifers 

Table i2. i1: iComparison ibetween iarticulated iand inon- iarticulated ilaticifers 

 Articulated Non-articulated 

Mode iof idevelopment Cell iwall idegradation Intrusive igrowth i 

Initial idevelopment Compound icells i- iinvolves 

iParenchyma icells 

Simple isingle icell 

Enzyme iactivity ipresent Cellulase iwithin ithe ilaticifers. 

iAssisted iby iauxin ia iplant 

ihormone i 

Pectinase iin icell iwall itoward 

ithe ilaticifers. i 

 

Laticifers idistribution All ipart iof ithe iplants 

 

All ipart iof ithe iplants 

 

Source: i(Abd iRazak, i2000) 
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2.5 iLocation iof iLactiferous iCells 

Esau i(1965), iestablished ithat ilaticifers imight ioccur iin iany iplant iorgan iand iare inot idesignated ito 

ionly icertain iparts iof ithe iplants. iThis itheory iwas ifurther ibuttressed iby iother iresearchers isuch ias iof 

iGomez i(1982) iin iHevea, iRoy iand iDe i(1992) iin iCalotropis igigantean iand iFineran i(1983) iin 

iEuphorbia ipulcherrima. iNonetheless, ithis idoes inot imean ithat iall iplants ihave ilaticifers iin itheir 

itissues ior isome iof itheir itissues. 

The idistribution iof ilaticifers iwithin ithe iplant ibody ivaries, iand iit imainly idepends ion ithe ispecies iin 

iquestion. iMost ioften ithey igo itogether iwith ithe ivascular ibundle, iand ioccur iprominently iin ithe 

iphloem, iin iwhich icase iis idifficult ito idistinguish ithem ifrom isieve-tubes. iAt icertain itimes, ilaticifers 

iare imore iwidely ispread iout iin ithe iparenchymatous itissue, ie.g., iNerium ioleander iL. i iLaticifers iare 

igenerally irestricted ito ithe irays iin ithe ixylem itissue. iCountless inumber iof iplants ihave ilaticifers 

ispreading iout iinto ithe ileaves iand imay ihave iramifications iextending iinto ithe imesophyll iwhere 

ithey isometimes ireach ithe ihypodermis, iif ipresent, ior ithe iepidermis. iConversely, isome ispecies istill 

ihave ilaticiferous icells irestricted ito icertain iorgans iof ithe iplant ibody i(Metcalfe, i1967). 

In isome iplants ithe ilaticifers iare iscarcely ipresent ior ithey ido inot iexist iat iall. iWith iregards ito iknown 

ilatex ibearing iplants, ithe ipresence iof ilaticiferous icells imay ieither ibe ilocalized ior iexclusively ifound 

ionly iin icertain ior ispecialized itissues iof iplants i(Abd iRazak, i2000) ias ifound iin ithe iinteresting 

iDecaisnea iinsignis iHook. if., ia ishrub iwhich ibelongs ito ithe ifamily iLardizabalaceae iwhich iis 

irelated ito ithe imore ifamiliar iBerberis ifamily, ithe iBerberidaceae. iThe ilatex iis irestricted ito ithe ifruits 

iwhere iit iis ito ibe ifound iin ia isystem iof icanals. 

Moreover, iMetcalfe i(1967) istress ithat ilaticiferous itissues iare inot irestricted ito iplants iwith iany ione 

iparticular itype iof ihabit inor iare ithey iconfined ito iplants ifrom iany iparticular itype iof ihabitat. iThey 
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ican ifind iin ia ibroad irange iof imembers iin ithe ikingdom iplantae iincluding iherbs, iincluding iboth 

ixerophytic isucculents iand iwater iplants, ias iwell ias iin itrees, ishrubs, iand ilianas. 

 

2.5.1 iPlant iroots 

The ilaticiferous icells iin ithe iroots iof icertain ispecies ioccur imost ifrequently iin ithe icortex iand isince 

ithe idevelopment iof icork iusually idamages ithe icortex iof ithe iolder iroots, imost iof ithe ievidence iof 

ilaticifer icells iare idestroyed ialongside. iHowever, iin icases iof ithis isort, icertain icells iof ithe iphloem 

iseem ito ibe idifferentiated ias ilaticifers. iIn iEuphorbia imacalata, ithe iroot ilaticiferous icells iin ithe 

icortex iare ilarge iand ioval iand ican ibe ieasily idistinguished ifrom iother icells iof ithe icortex. iIn iother 

iroots, isuch ias ithose iof iEuphorbia isupina, ionly ia ismall inumber iof ithe icells ibearing ilatex iare 

iconspicuous. iThe ipath iof ithe ilaticiferous icells ithrough ithe icortex iof ithe iroot imay ibe ia itortuous 

ipathway iand iat iother iplaces iit imay ibe istraight. iThe idifference iin ithe inature iof ithe ipathway imay 

iprobably ibe iassociated iwith ithe itwo itypes iof igrowth. iThe itortuous iappearance iand istraight 

ipathways iis imost ilikely ito ibe ia iresult iof iintrusive igrowth iof ithe ilaticiferous icells ithrough ithe 

itissues iand ialso ithe iresult ifrom isymplastic igrowth irespectively i(Lommasson, i1962). 

According ito iSacchetti iet ial., i(1999), iwhen iconventional ioptical imicroscopy iwas iused ito iobserve 

isections iof iroots iof iVinca isardoa ibelonging ito ithe ifamily iApocynaceae, ithere iwere inumerous 

ilaticifer icells iwhich iappeared idark iand iwere idistributed ithroughout ithe icortical iregion iof ithe 

iroots. iHistochemical ireaction iwith ichloroauric iacid isolution ion ilongitudinal isections, ilatex 

istained ideep ipurple-red ishowing iseveral iunbranched, iarticulated ilaticifers idistributed ithroughout 

ithe ientire icortical iregion. i 
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2.5.2 iPlant istem 

Development iof ilaticiferous icells iin ithe istem iis isimilar ito ithat ifound iin ithe iroot. iLommasson, 

i(1962), iinvestigated ithe ilatex isystem iof isome ispurges i(Euphorbaceae). iDiscoveries iwere ireported 

ias ifollows; iin iEuphorbia ifendleri ian iintriguing idevelopment iis iobserved, ias ithe ioccurrence iof 

ilatex icells imay ibe iobserved iin iboth iperennial iand ifirst iyear istems. iThe idevelopment iof ithe 

iperiderm iin ithe iperennial istems idamages iall itraces iof ithe icortical icells iand isclerenchyma ifibers 

iwhich iare ilocated iin ifirst iyear istems. iThe ilaticiferous icells ifound iin ithe iperennial istem iand ithe 

ifirst-year istem iare iall iin ithe iphloem iand ithe iin ithe icortex irespectively. iSome ilaticiferous icells iare 

ifound ibetween ithe isclerenchyma igroups iand ineighbouring ito ithe ioutermost ipart iof ithe iphloem. iIn 

ithe istem iof iEuphorbia istictospora itwo isystems iof ibranching iexit. iOne iis imade iup iof ilarger 

ilaticiferous icells iwithin ithe iinner icortex iand ithe iother iare imuch ismaller iand imore inumerous iin ithe 

iouter iportion iof ithe icortex. iThe istem iof iEuphorbia isupina ishows ian iabundance iof ilatex icells iin 

ithe icortex. iThe icortex iof ithe istem iof iEuphorbia imissurica ivar. iintermedia ihowever ihas ia 

imorphological ifeature ithat iallows ifor ilaticifers ionly ito iexist iin ithe iinnermost ipart iof ithe icortex. iIn 

itransverse isections iof ithe istems iof iEuphorbia irnaculata, iEuphorbia ihurnistrata, iEuphorbia 

iserpens iand iEuphorbia. iglyptosperma igenerally ihave ithe isame itype iof idistribution iof ithe 

ilaticifers iand isimilar iorientation iin ithe istem i- ithe ilaticiferous icells iappear ias ia isingle ilayer iof ilarge 

ioval icells. iThe idifferences iamongst ithese imay irelate ito inumber, ispacing iand iwall ithickness iof 

ilaticifers. iIn iEuphorbia imissurica ivar itypica ithe ilaticifers ihave iirregular iarrangement ibut iare 

ilocated iwithin ithe iinner icortex iwhere ithey iare iclearly idistinct iby itheir ilarger isize. i 

In ithe istem, ithe ilaticifers iof iVinca isardoa iwere ilocated iin ithe icortical iregion, iboth iclose ito ithe 

ivascular ibundles iand ibelow ithe iepidermis. iUnbranched iand iarticulated ilaticifers iwith ivarying 
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ialkaloid ireactivity iwere ifound ibelow ithe iepidermis iand iclose ito ithe ivascular ibundles i(Sacchetti iet 

ial., i1999). 

 

2.5.3 iPlant ileaf  

Cross-sections iof ifresh iand iresin-embedded ileaf ispecimens iof iVinca isardoa ishowed ilaticifer icells, 

iparticularly iclose ito ithe iabaxial isurface ijust ibelow ithe iepidermis. iNo iparticular iinteraction 

ibetween ilaticifer ivessels iand ivascular ibundles iwere ifound ihere. iCross-sections iof iresin-embedded 

ipetiole ispecimens iindicated ia ilarge inumber iof ilaticifer icells iboth ibelow ithe iepidermis iand iin ithe 

iphloem iparenchyma i(Sacchetti iet ial., i1999). 

At ithe inodes iof istems, ibranching iof ithe ilaticiferous icells ioccur imost iregularly. iThese ibranching 

ican ibe itraced iin ithe ipetiole. iIn ithe ipetiole, ithe ilaticiferous icells iand ivascular itissue iare iin iclose 

iproximity ito ieach iother ilaterally iand iabaxially i(Lommasson, i1962). 

The ileaf iblade icontains iprofusely ibranching inetwork iof ilaticiferous icells idue ito iproliferation ithat 

itakes iplace iwith ithe ilaticifers. iThe ilaticifers iare iapproximately ithe isame isize iand irather iclose ito 

ithe imidrib iin ithe ibase iof ithe ileaf iblade, iand ias iopposing ithe istructural iarrangement iin ithe ipetiole, 

ithey iare inot iintimately iassociated iwith ithe ivascular itissue. iIn iany itissue iof ithe ileaf iblade, ithe ilarge 

ilaticifers ipresent iare ioriented imulti-directionally. iNo ianastomosing istructure ihas ibeen iobserved iin 

iany ispecies. iA inoticeable inetwork imay ibe ilocated iin ialmost iall ilayers iof ithe ileaf iblade. iAmong 

icertain iindividuals iin ithe ifamily iEuphorbiaceae, iEuphorbia iserpens ihas ibeen ifound ito ipossess ithe 

imost ieasily iobservable isubepidermal isystem iwhere ithe ilaticiferous icells iare iin iconnection iwith 

ithe iupper iepidermal icells iand ialso ithe iupper iends iof iadjacent ipalisade icells. iIn iEuphorbia isupine 

ia iprominent inetwork iof ilaticiferous icells ioccurs iin ithe ispongy iparenchyma ijust iabove ithe 

ihypodermis ieven ithough iit ipossesses ia irather ipoorly ideveloped ihypodermis iabove ithe ilower 
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iepidermis. iTaking iall ithe iEuphorbia ispecies istudied iby iLommasson i(1962) iinto iconsideration, ithe 

imost iusual ilatex isystem iin ithe ileaf ilies ijust iunderneath ithe iepidermal icells. iNo ilaticifers iwere 

ifound iin ia isub-cuticular iposition. iThe inext ito ithose iin ibeneath ithe iepidermal icell iin iregularity iis 

ithe isystem ifound iin ithe ispongy iparenchyma ias inoted iin iEuphorbia isupina. iThe ileast icommon 

isystem iwas ithose ilocated iadjacent ito ithe ibundle isheath icells. iLaticiferous icells ieither iends iin ithe 

imesophyll ior iin icontact iwith ieither iepidermis. 

 

2.6 iDefensive iproperty iof ilatex 

The ifunctionality iof ithe ilatex isystem iin iplants iin itimes ipast ihas iresulted iin iconcepts iwhich iare iin 

iconflict, inot iknowing iwhich iexact irole iit iplays iin iplants i(Groom, i1889; iDe iBarry, i1884). 

iSeemingly, iJames i(1887) iproposed ithe ifirst idefensive ihypothesis ifor ilatex. iIt iwas isaid ithat iit ihad 

iproperties ithat imade iit ibecome ia ibetter iprotection ito ithe iplant ifrom ipredators ithan iall ithe ithorns, 

iprickles, ior ihairs ithat icould ibe iprovided. iLommasson, i(1962) ireported ithat inot imuch iprogress ihas 

ibeen iachieved iin ithe iunderstanding iof ithe ifunction iof ilatex ihas ibeen imade ieven iduring ithe isixty’s 

iand ithat itextbooks iin iplant iphysiology itypically iexclude iany idiscussion iof ilatex ifunctions. 

iAccording ito iKniep i(1905), islugs ireadily iate idamaged ileaves iof ia iplant iin ithe iEuphorbiaceae, 

iwhich ino ilonger iproduced ilatex, ibut idid inot ieat ithe ileaves iof iintact iplants ithat iwere inot idrained iof 

itheir ilatex. iIn ithe ininety’s ihowever, iData iet ial., i(1996) iinvestigated ithe ipotential iof ilatex 

iproduced iby isweet ipotato ias ia idefense imechanism iagainst ithe isweet ipotato iweevil. i iThe 

iapplication iof ilatex ito ithe isurface iof iroot icores ireduced ifeeding iand ioviposition. iAlso, ithere iwas 

isignificant ireduction iin ithe inumber iof ifeeding ipunctures iwhen ilatex iwas iadded ito ia isemi-artificial 

imedia. iYoung ivine imaterials iof isweet ipotato iused iin ithe istudy iproduced imore ilatex iand irecorded 

iless iweevil ifeeding idamage ithan iolder imore imature iportions iof ithe ivine. iLatex iin isome 
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ilaticiferous iplants iacts ias ia inatural idefense isystem iagainst icertain iherbivores.Latex-containing 

itissues ior icells, iknown ias ilaticifers imostly iconstitute ichitinase ior ilysozymes ibecause ithey iare 

iparticularly icritical ifor iplant isurvival iand ialso ibecause ithey iare irarely isusceptible ito iinvasion iby ia 

ipathogen. iThus, iit imight ibe iparticularly idifficult ifor ian iinvading imicroorganism ito ibe icontained 

iin ia iwounded ilaticifer iwithout iconstitutively iexpressing idefense iproteins i(Martin, i1991). iNo 

istrong ialternative ihypotheses ihave istood ithe itest iof itime i(Agrawal, i2005). i 

Evidences, iranging ifrom iobservational ito ithe iexperimental iand ieven icomparative, ihave ibeen 

iaccrued ito ibuttress ithat itheory ithat ilatex iacts ias ia iplant idefense iagainst iplant ifeeders i(Agrawal iand 

iKonno, i2009), ialthough ibefore, iAgrawal i(2005), ireported ithat inot imuch ifindings ihave ibeen itied 

ito ithis iassertion. iThe idefensive iadvantage iof ilatex iproduction ifor iplants ihave inot ibeen iwell 

iquantified i(Agrawal, i2005). iThe ihigh ilevel iof ichitinase iactivity ifound iin ilaticifers, icombined iwith 

ithe ioccurrence iof ihighly itoxic isecondary imetabolites iwhich iare ialready idescribed iin iliterature 

imay iexplain ihow iE. itirucalli iplants iare iprotected iagainst iherbivory iand iinfectious iorganisms 

i(Souza iet ial., i2010). 

 

2.7 iPhytochemicals iin ilatex 

Phytochemicals iare ibiologically iactive icompounds, ifound iin iplants iin ismall iquantities iwhich iare 

inot iwell-known inutrients. iHowever, ithey iseem ito icontribute imeaningfully ito iplant idefense 

iagainst idegenerative idisease i(Dreosti, i2000). iThis iterminologyis inot iapplicable ito icompounds 

iused iin irelation ito itreating ian iestablished iacute idisease, irather ito isubstances ithat iare idefensive iat 

ilow ilevels iagainst ithe igrowth iof idegenerative idiseases iover ia iperiod i(Dreosti, i1998). iThey iare 

inatural ibioactive icompounds ithat iinteract iwith inutrients iand idietary ifibre ito idefend iagainst 

idiseases. iRao i(2003), iclassifies iphytochemicals iwith idisease-preventing ifunctions iinto imajor 
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igroups iincluding, idietary ifibre, iantioxidants, idetoxifying iagents, iimmunity-potentiating iagents 

iand ineuropharmacological iagents iand istating ithat ieach iclass iof ithese ifunctional iagents iconsists iof 

ia iwide idiversity iof ichemicals iwith idiffering ipotency. 

It iis ialso iwell iknown ithat iplants iproduce ithese icompounds ias ipart iof itheir idefensive isystem, ibut 

irecent iresearch iproves ithat ithey iare iable ito iprotect ihumans iagainst idiseases ialong iwith iassisting iin 

irisk ireduction ifor ia ivariety iof ichronic iand iinflammatory iconditions i(Adesuyi iet ial., i2012). 

Phytoconstituents iisolated ifrom ithe ilatex iof iEuphorbia inivulia ibelonging ito iEuphorbia igenus iare 

ireported ifor icytotoxic iactivity i(Veluri iet ial., i2003). iAccording ito iManoorkar iand iGachande 

i(2015), ithe iconstituent iof ilatex iare iproteins, ialkaloids, itannins, iterpens, istarch, isugars, ioils, iresins, 

igums iand ienzymes. iHistochemical ianalysis iof ialkaloids ipresent iin ithe ilatex iof iVinca isardoa 

i(Stearn) iPign. i(Apocynaceae) iproved ipositive, iindicating ia iclose irelationship ibetween ilaticifer 

icells iand ithe ipresence iof ialkaloids iin ithe iplant i(Sacchetti iet ial., i1999). iThe ibiosynthesis iof 

iterpenes iin igeneral, ihas ialready ibeen idemonstrated i(Grumbach iand iForn, i1980). 

According ito iSaratha iand iSubramanian i(2010), ipartially ipurified iCalotropis igigantea ilatex iextract 

iis ian iimportant isource iof ipotentially iuseful icompounds ifor ithe idevelopment iof inovel 

ichemotherapeutic iagents ias ia iresult iof iits iantifungal ieffect ion isome ihuman ipathogenic ifungi iin-

vitro icompared ito iAmphotericin iB. iQualitative iphytochemical iscreening iof ithe iextract irevealed 

icertain ibioactive icompounds isuch ias iflavonoids, ialkaloids, itriterpenoids, isteroids, isaponins, 

iphenols iand iglycosides. 

Adesuyi iet ial., i(2012) ireported ion ithe ipresence iof iPhenols, iSaponins, iAlkaloids iand iFlavonoids 

iwhich iare iindications iof iCosmetic iand imedicinal iValue iof iAloe ibarbadensis. iTannin, iPhytate iand 

iOxalate icontents iwere ialso ipresent iand iwere idescribed ito iaffect ithe iavailability iof iMinerals iin 
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iAloe ibarbadensis. iAlso, ithe irich isource iof iminerals isuch ias isodium iand ipotassium iindicate ithe 

itendency iof iAloe ibarbadensis ito ibe iable ito iregulate ior icontrol ithe iosmotic ibalance iof ithe ibody 

ifluid ias iwell ias ibody ipH. iAloe ibarbadensis iis ialso ifound ito ibe irich iin iphosphorus iand imagnesium 

iwhich iare iessential ifor ibone iformation iand ilowering ithe iblood ipressure irespectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table i2. i2: iQualitative iPhytochemical ianalysis iof ilatex iof isome ilaticiferous iplants. 
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Sr. 

iNo 

Botanical 

iName i 

Family 

iname 

Com

mon 

iname 

Alkal

oids 

Cyano

genic 

iGlyco

sides 

Phen

olics 

Flavo

noids 

Terpe

noids 

Tann

ins 

Saponi

ns 

1 Alstonia 

ischolaris 

Apocyn

aceae 

Satwi

n 

+ - + + - - - 

2 Calotropis 

igigantea 

i(L.) 

 

Asclepi

adaceae 

Rui + + + - - + - 

3 Calotropis 

iprocera 

 

Asclepi

adaceae 

Rui + - + - - + + 

4 Carica 

ipapaya iL. i 

Caricac

eae 

Papay

a 

 

+ + + + + + - 

5 Euphorbia 

ihirta iL. i 

Euphor

biaceae 

Christ 

iPlant 

+ - + + - + - 

6 Euphorbia 

imilii 

iDesmoul. i 

Euphor

biaceae 

Dudh

i 

- - + - - - - 

7 Euphorbia 

inivulia 

iBuch-

Ham. 

 

Euphor

biaceae 

Sabar + + + - - + + 

8 Euphorbia 

iprunifolia 

iJacq. 

 

Euphor

biaceae 

Dudh

i 

+ - + - - - - 

9 Ficus 

icarica iL. i 

Morace

ae 

Anjir + - + - - + + 

10 Ficus 

ihispida iL. i 

Morace

ae 

Bhui-

umbe

r 

+ + + - - + - 

11 Ficus 

iracemosa 

iL. i 

Morace

ae 

Umbe

r 

- - + - - + - 

12 Ficus 

ireligiosa 

iL. i 

Morace

ae 

Pimp

al 

+ + + + - - + 

13 Ipomoea 

icarnea 

iJacq. i 

Convol

vulacea

e 

Besha

ram 

- - - + - + - 

14 Manilkara 

izapota i(L.) 

Sapotac

eae 

Chiku - + + - + - - 
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i 

15 Pedilanthu

s 

itithymaloi

des i(L.) 

Euphor

biaceae 

Vilay

ati 

isher 

+ + + - - - + 

16 Plumeria 

irubra iL. i 

Apocyn

aceae 

Lal 

ichafa 

+ - + - - - + 

17 Plumeria 

irubra iL. 

iforma 

iacuminata 

i(Ait.) 

iSantapau 

iand iIrani 

iex iShah 

 

Apocyn

aceae 

Pand

hara 

ichafa 

+ + + + - + + 

18 Synadeniu

m igrantii 

iHook. iF. 

 

Euphor

biaceae 

Irhon

da 

+ + + - - - + 

19 Tabernaem

ontana 

icitrifolia 

iL. i 

Apocyn

aceae 

Chan

dani 

+ + + + - - - 

20 Tabernaem

ontana 

idivaricata 

i(L.) iR. iBr. i 

Apocyn

aceae 

Chan

dani 

- - + + - - - 

21 Thevetia 

iperuviana 

i(Pers.) 

iK.Shum. 

Apocyn

aceae 

Piwal

i 

iKhan

er 

+ + + - - - - 

Positive isign i“+”and iNegative isign i“-” idenote ithe ipresence iand iabsence iof ia ispecific 

iphytochemical iin ithe ilatex isamples irespectively i(Mahajan iand iBadgujar, i2008a,b). 

 

2.7.1 iAlkaloids 

Phytochemically, ilatex itends ito ibe imore idiverse iand ioften icontains icomplex icombinations iof 

iterpenoids, iphenolics, iproteins, iand ialkaloids i(Langenheim, i2003). iAlkaloids iare ibasic irather ithan 

iacidic inatural iproducts icontaining initrogen, imany iof iwhich iare itoxic iand itypically ido inot ihave ia 
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iprimary ifunction iin iplants. iAlkaloids iare iproduced iby ia ivariety iof ianimals, imicroorganisms, iand 

iplants iand ihave ibeen inoted ito ibe ia iconstituent iof ithe ilatex iof imany ispecies, ioccasionally ispread 

iamong iangiosperm ifamilies, iincluding iPapaveraceae iand iMoraceae i(Agrawal iand iKonno, i2009). 

iIt ihas ibeen ireported ithat isynthetic ienzymes iinvolved iin ithe iearly istage iand ilate istages iof ialkaloid 

isynthesis iare icontained iin iparenchymal icells isurrounding ilaticifer icells iand iinside ithe ilaticifer 

irespectively i(Samanani iet ial., i2006; iWeid iet ial., i2004). iRao i(2003)reported ithat, isome ialkaloids 

ifunction ias ineuropharmacological iagents, iantioxidants, iand iin icancer ichemoprevention. iKaufman 

iand ihis iassociates i(1999) ihad ithe iview ithat ialkaloid icompounds iare iabundant iamong iplants iand 

iare ibest iknown ifor itheir ioften-potent ipharmacological iproperties. iConsequently, imany iof ithe 

icommon idrugs iare ialkaloid ibased. iRelatively imild iexamples iinclude icaffeine, iquinine, iand 

inicotine. iMore ipotent iexamples iinclude icocaine, imorphine, iand istrychnine. iBiosynthetically, ithey 

imay ibe iderived ifrom iamino iacids, iterpenes, ior iaromatics idepending ion ithe ispecific ialkaloid 

istructure. 

 

2.7.2 iTerpenoids 

Indeed, ithe ilatex iof imost ispecies icontains ia idiversity iof ibiologically iactive icompounds. 

iTerpenoidsare icarbon-based icompounds iwhich iare idiverse iand iare iderived ifrom ifive-carbon 

iisoprene iunits. iTerpenoids iprobably ihave imany iroles iin iplants iincluding ipollinator iattraction, 

idefense, iand iroles iin iprimary imetabolism isuch ias icarotenoids ithat iprovide iadditional ipigments ifor 

iharvesting ilight ienergy, iand ican ibe iproduced iabundantly iin ilatex(Agrawal iand iKonno, i2009). iThe 

ilatex iof iLactuca isativa icontainssesquiterpene ilactones i(SL) iwhichhave isome iantifungal iactivity 

iagainst ithe ipathogenic, iCladosporium iherbarum; iand ilettucenin iA, iwhich iis iinduced iin ilatex iby 

imicroorganisms, istrongly iinhibited ithe igrowth iof iCladosporiun iherbarum(Sessa iet ial., i2000). 
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iThe ilatex iof isome iEuphorbiaceae, isuch ias iEuphorbia ibiglandulosa, icontains iditerpenes isuch 

iasphorbol iand iits iderivatives i(Noack iet ial., i1980). iThese icompounds ihave itoxicity iagainst iinsects 

iand imammals, ihave itumor-promoting iactivity, iand icause iskin iinflammation(Gershenzon iand 

iCroteau, i1991). iFurther, itriterpenoids iare ireported ias ithe imajor icomponents iofthe ilatex iofsome 

iEuphorbia ispp.(Mazoir iet ial., i2008). iIt iis ireported iby iRao i(2003) ithat, isome iterpenoids ihave 

iproperties ithat iallows ithem iplay ivital iroles ias ineuro-pharmacological iagents, iantioxidants, iand 

icancer ichemoprevention. iTerpenes ihave, ihowever, ibeen ishown ito iact ias ianticancer iagents i(Elson 

iand iYu, i1994). i 

 

2.7.2.1 iTriterpenes 

Triterpenes iare iC30 icompounds, ibased ion isix iisoprene iunits iand iare iderived ifrom isqualene. iThey 

iare ioften icolorless isolids iwith ihigh-melting ipoints, iand iare ibroadly idistributed iamong iplant iresin, 

icork, iand icutin. iTriterpeneshave iseveral iimportant igroups, iincluding icommon itriterpenes, 

isteroids, isaponins, isterolins, iand icardiac iglycosides. iOnly ia ismall inumber iof ithe icommon 

itriterpenes iare iwidely idistributed iamong iplants. iThese iinclude ithe iamyrins iand iursolic iand 

ioleanic iacid iwhich iform ion ithe iwaxy icoatings ion ileaves iand ialso ias iprotective ilayer ion isome 

ifruits. iOther itriterpenes iinclude ithe ilimonins iand ithe icucurbitacins. iNearly iall iplant isteroids iare 

ihydroxylated iat ithe ithird icarbon iand iare iin ifact isterols. iIn ithe imammals, ithe isteroids ihave iweighty 

iimportance iserving ias ihormones, icoenzymes, iand iprovitamins. iHowever, ithe irole iof ithe 

iphytosterols iis iless iwell iunderstood. iSaponins iare ihigh-molecular-weight itriterpene iglycosides. 

iThey icontain ia isugar igroup ijoined ito ieither ia isterol ior iother itriterpene. iThey iare iwidely 

idistributed iin ithe iplants iand iare imade iup iof itwo iparts: ithe isugar ipart icalled iglycone iand ithe 

itriterpene ipart icalled iaglycone ior igenin. iCharacteristically, ithey ihave idetergent iproperties, ifoams 
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iin iwater, itastes ibitter, iand iare ipiscicidal. iMany iof ithe iplants ithat icontain isaponins ihave ibeen iused 

iin ihistory ias isoaps iincluding isoaproot i(Chlorogalum ipomeridianum), isoapbark i(Quillaja 

isaponaria), isoapberry i(Sapindus isaponaria) iand isoapnut i(Sapindus imukurossi). iSaponins iare 

iconstituents iof imany iplant idrugs iand ifolk imedicines, iespecially iamong iAsian ipeoples 

i(Kaufmanet ial., i1999). 

 

2.7.3 iPhenolics 

Phenolics, iwhich iinclude ithat iinclude itannins, ilignins, iand iflavonoids iare ia ivast igroup iof 

imultifunctional icarbon-based isecondary imetabolites iproduced iby ithe ishikimate ipathway 

i(Agrawal iand iKonno, i2009). iRao i i(2003)stated ithat ithere iare iantinutritional iand itoxic ifactors 

ipresent iin ivarious ifoods iincluding iphytates iand itannins, iwhich ihinder iwith iiron iabsorption. 

iTannins iare isaid ito iconsist iof ivarious iphenolic icompounds ithat ireact iwith iproteins, iforming 

iwater-insoluble ico-polymers. iIndustrially, ithis ireaction iwith iproteins ihas ibeen iexploited ifor ithe 

iconversion iof ianimal iskins iinto ileather. iPlant itissues iwith ihigh itannin icontent ihave ia ihighly ibitter 

itaste iand iare iavoided iby imost ifeeders i(Kaufman iet ial., i1999). iHowever, ifurther ireport isuggests 

ithat, isome iphenols iare idetoxifying iagents iwhich iplay ikey iroles iin iinhibiting iprocarcinogen 

iactivation, iinducers iof idrug imetabolizing ienzymes, ibinding iof icarcinogens, iand iinhibitors iof 

itumorigenesis i(Rao, i2003). 

 

2.7.4 iSugars ior iCarbohydrates 

Sugars iare ithe iprimary iproducts iof iphotosynthesis iand iare iessential ias ia isource iof ienergy ito 

iplants. iThey imay ibe istored ias istarch ior ifructans, iused ias isucrose, iand ipolymerized ito iform 
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icellulose, ithe imain icell iwall istructural imaterial iof iplants. iSugars iare ioptically iactive ialiphatic 

ipolyhydroxlyated icompounds iwhich iare isoluble iin iwater. 

 

2.8 iEconomic ibenefits iof ilatex 

2.8.1 iRubber 

Bonner iand iGalston i(1947), ipointed iout ithat irubber iformation iis ia ifeature iscattered ithrough 

inumerous ifamilies iof ithe iplant ikingdom iand idoes inot ihave iany iclear ievidence iof iregular ipattern. 

iThe ifamilies iMoraceae, iEuphorbiaceae, iApocynaceae, iAsclepiadaceae iand iCompositae iare 

iparticularly iwell irepresented. iNot ievery igenus iwithin iany ione ifamily iare iordinarily irubber 

iforming, iand iwithin ia igenus, ithe ispecies imay ivary igreatly iin irubber iforming icapacity, ias iseen iin 

iFicus iand iEuphorbia. iHowever, iit iis ireported ithat ithere iare icertain irules iregarding idistribution iof 

irubber iin ithe iplants. iRubber ifor iinstance iis ia iproperty iconfined ito ithe idicotyledons ibranch iof ithe 

iangiosperm. iRecently, iaccounts ishow ithat ilatex-producing iplants ibelong ito irather imore ithan i22 

idicotyledons ifamilies, ialthough ia ifew imonocotyledonous ifamilies iare ialso irecognized, itogether 

iwith ione igenus iof iPteridophyte, iRegnellidium, iof ithe iMarsileaceae i(Labouriau, i1952).Euphorbia 

ias ia isingle igenus, iinclude iboth ithe itropical iand itemperate izone irepresentatives. iThose iin ithe 

itropics imay iinclude inumerous ispecies iwhich iform iand iaccumulate isubstantial iamounts iof irubber, 

iwhereas ithose iin ithe itemperate iregions imay iform, iin igeneral, ilittle ior ino irubber i(Bonner iand 

iGalston, i1947). 

Metcalfe i(1967), iemphasizes ithat ithe iquantity iof irubber ipresent iin ilatex ivaries iconsiderably iacross 

ispecies iand idue ito ithe idifficulties iinvolved iin itapping ithe ilatex ifrom imany ispecies iin iquantities 

ithat iare ilarge ienough ito ibe iof ieconomic iimportance, ia ismall inumber iof ithe ilatex-bearing iplants 

ihave iever ibeen iexploited icommercially. 
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2.8.2 iMedicinal iproperties 

Currently, isecondary iplant imetabolites icalled iphytochemicals ihave ibeen iextensively iinvestigated 

ias ia isource iof imedicinal iagents i(Balandrin iet ial., i1985). iEnough ievidences iprove ithat ithe ilatex 

iproducing iplants iare iused iin ithe imanagement iof ivarious idiseases inamely idiabetes, iasthma, 

idysentery, idiarrhea, imalaria iand iskin iproblems i(Nadkarni, i1976; iWealth iof iIndia, i1948). iIpomoea 

icarnea iJacq. iand iEuphorbia ihirta iL. iare iknown ifor iwound ihealing iactivity iand iflavonoids 

i(Ambiga iet ial., i2007; iJaiprakash iet ial.,2006). iEthnobotanical ivalues iof ilatex-bearing iplants ias 

iused iby itribal ipeople iof iKhandesh iregion ihas ibeen ireported iby i(Mahajan iand iBadgujar, i2008a) 

iand ithey idescribed ivarious itraditional imedicinal iuses iof isome iindigenous iplants. iLatex iof 

iCalotropis iprocera i(Ait.) iR.Br. iwas isuggested ifor iwormicidal iactivity i(Shivkar iand iKumar, 

i2003) iand ilarvicidal iactivity i(Mahajan iand iBadgujar, i2008a). iPandey i(2001), ireported ithat iplant 

ilatex ihas ibroader iethno-pharmacological irelevance ias iit iis iused iby itribal icommunities. iEuphorbia 

ihirta ilatex ihas ibeen iexploited itraditionally ias iear idrops iand iin ithe itreatment iof iboils, isore iand 

iwound ihealing i(Igoli iet ial., i2005). iJatropha ilatex iis iclaimed ito ihave isome iethno-medicinal iuse 

ilike iwound ihealing, icoagulant iactivities iof iblood. 

Nath iand iDutta i(1992), ireports ion ithe ipresence iof iCurcain, ia iproteolytic ienzyme iisolated ifrom 

ilatex iof iJathropha icurcas iLinn. iCurcain ihas ibeen ireported ito iplay ia irole iin iwound ihealing 

iactivity. iAlstonia ischolaris iR. iBr. iis ipopularly irecognized ifor ivarious iactivities isuch ias 

iantimicrobial, iantiplasmodial, iantiamoebic, ihepatoprotective, iantidiarrhoeal, iimmunomodulatory, 

iantiasthmatic, i ianticancer, ifree iradical iscavenging, iantioxidant, ianalgesic, ianti-inflammatory, 

iantiulcer, iantifertility iand iwound ihealing iactivities i(Arulrmozhi iet ial., i2007). iMahajan iand 

iBadgujar, i(2008b) isuggested ithat iresult iobtained ifrom iphytochemical iinvestigations iof isome 
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ilaticiferous iplants imay ilead ito idevelopment iof ipotent ibio-products iin ithe itreatment iand 

imanagement iof ivarious idisease iailments. 

However, ithe ipotency iof ithese ibio-compounds ipreventing ia idisease imay ibe ithe isum iof ithe 

ibioactivities iof iall iphytochemicals ipresent iwith ia icommon iproperty. iWhether ithese ichemicals 

iwork iin isynergy iwith ieach iother, ior iare iadditive ior ionly ione ior itwo icomponents iaccount ifor ithe 

ifunctions iin iquestion ithat iremains iunanswered i(Rao, i2003). 

 

2.9 iProtein icomponent iof ilatex 

According ito i iPandey i(2001), ilatex iconstitute icompounds. iAmong ithese iare iproteins iin iconcert 

iwith iseveral iothers. iIn ia istudy iconducted iby iSouza iand iassociates i(2010), i iproteins iwere iextracted 

ifrom ilaticifer icells iof ithree iplants inamely iCryptostegia igrandiflora i, iPlumeria irubra iand 

iEuphorbia itirucalli iand iexamined iby ielectrophoresis, imass ispectrometry iand icharacterized iin 

irespect iof iproteolytic, ichitinolytic iand ianti-oxidative iactivities iby imeans iof izymography iand 

icolorimetric iassays. iAcidic iproteins ipredominated iin ilaticifers iof iPlumeria irubra ibut iwas inot 

ifound iin ilaticifers iof iCryptostegia igrandiflora iand iEuphorbia itirucalli. iThe ilater iwas ipoor iin 

irespect iof iproteins. iCatalase i(E.C. i1.11.1.6) iwas idetected ionly iin ilaticifer icells iof iCryptostegia 

igrandiflora. iChitinase i(E.C. i3.2.1.14) iwas ithe isole iactivity ifound iin ilaticifer icells iof iEuphorbia 

itirucalli, ibut iwas ialso idetected iin ithe iother ilatices. iThis istudy ireports inew iprotein idata iof ilaticifers 

ifrom iplants ithat ihave ibeen ipoorly iinvestigated iin ithis irespect iand icontributes ito ithe iunderstanding 

iof ibiochemical iand ifunctional iaspects iof ilaticifers iin iplants. iAlthough ionly ithree ilatices iwere 

iinvestigated ihere, iit iis iclear ithat ithe iprotein icontent iin ilaticifers iof idifferent ispecies idiffers 

iintensely. iUsing imass ispectrometry iand itwo-dimensional ipolyacrylamide igel ielectrophoresis i(2-

DE) ianalysis, isoluble iproteins iwere ifound iin ithese ifluids iwhen iobserved. iThis isuggests ithat ivery 
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ispecific iinherent iactivities itake iplace iin idifferent ilatices. iPossibly ithese idifferences iin ienzyme 

iactivity iinvolved iin isecondary imetabolite ibiosynthesis ipathways idirectly iaccount ito idifferences 

iobserved iin ilatex ifrom idifferent ispecies. iHowever, ilatex ifrom iEuphorbia itirucalli iindicated ithe 

iabsence iof isoluble iproteins i(Souza iet ial., i2010). iThe ilatex iof iManilka izapota iis ianother iwhere 

iproteins iare iscarce i(Selvaraj iand iPal, i1984). iHowever, ithe ilaticifers iof iCryptostegia igrandiflora 

iand iPlumeria irubra iexhibited ian iimportant inumber iof iprotein ispots. iComplex iprotein iprofiles 

iwere ialso iobserved iin ithe ilatices iof iCalotropis iprocera, iHevea ibrasiliensis iand iPapaver 

isomniferum. iIn ithe ilatex iof iHevea ibrasiliensis, iapproximately i200 idistinct iprotein ispots iwere 

ifound iin i2-DE iand imore ithan i300 iin ithe ilatex iof iP. isomniferum i(Decker iet ial., i2000; iFreitas iet ial., 

i2007; iPosch iet ial., i1997). iConsidering ithese iresults, ilaticifer icells ican ibe iclassified ias isources iof 

iunknown iproteins icertainly iof ibiological irelevance. iResults iobtained isuggest ithat ithere iis ia ilow 

irate iof iendogenous iproteolysis iduring ilatex iprocessing i(Souza iet ial., i2010). 

The iendogenous ioxidative iprocess iinvolving isecondary imetabolites iin iplants iand iwithin ithese 

ispecialized icells iis iproof ithat ianti-oxidative iactivities iare ioccur iin ilaticifers. iPathogenesis-related 

iproteins ias icalled iby iVan iLoon iet ial., i(2006), ianti-oxidative ienzymes isuch ias iperoxidases, 

icatalase iand isuperoxide idismutase iactivities iare iup ior idown iregulated iupon iinfection. i 

Svalheim iand iRobertsen i(2006), ialso ireported ithat ianti-oxidative ienzymes iare isynthesized iand 

ioccur iafter iinitiation iof ian iinfection. iSouza iet ial., i(2010) ireported iabundant ianti-oxidative iactivity 

iin ithe ilaticifers iof iCryptostegia igrandiflora iand iPlumeria irubra, ibut iminimal iactivity iin 

iEuphorbia itirucalli. iCaruso iet ial., i(2001) ialso iproposed ithe iinvolvement iof ianti-oxidative 

imetabolism iin idefensive imechanisms iagainst ifungi. iIn iconclusion, ithe iresults iof iSouza iet ial., 

i(2010) ishow ithat ilatices iexhibit iproteins ior ienzymatic imeans ito iprotect ithemselves iagainst 
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ireactive ioxygen ispecies iin ivivo iand ithis inetwork imight iplay ian iimportant idefensive irole iagainst 

iinfection. i 

Endogenous iproteolytic iactivity iis ithe imost icommon iand ifrequent iactivity iinvestigated iof ithe 

imetabolism iof ilaticifers, iwith ithe isynthesis iof inatural irubber ibeing ian iexception. iProteolytic 

ienzymes iare iknown ito iplay ia ivital irole iin ia inumber iof irelevant ievents iin iplant ilife-cycle. iThis 

iincludes ileaf isenescence, ibreakdown iof istored iproteins iduring igermination iof iseeds, idevelopment 

iand iripening iof ifruits, iregulatory imechanisms iand iprogrammed icell ideath i(Chowdhury iet ial., 

i2008; iDomsalla iand iMelzing, i2008). iSynthesis iand iaccumulation iof iproteinases iin ihighly 

ispecialized icells isuch ias ilaticifers iare iintriguing. iEndoproteinases iare inow irecognized ias 

ipathogenesis-related iproteins. iThe idefensive irole iof iproteolytic ienzymes iin iplant idefense iwas 

irevised iby iVan ider iHoorn iand iJones i(2004). iKonno iand iassociates i(2004) idescribed ithe 

iprotective iactivity iof ipapain, ia iproteinase ifrom iCarica ipapaya ilatex, iagainst iherbivorous iby idirect 

iexperimental ievidence. iCurrently, iSouza iet ial., i(2010) iare itrying ito iprove ithat ithe iproteolytic 

iactivities iof ilatices iplay ia irole iin ithe idefensive iaction iagainst iinsects iand iphytopathogens. iA 

iconclusion iwas idrawn ithat ithe ilatices iof iCryptostegia igrandiflora iand iPlumeriarubra ipossess 

irelevant ienzymatic iactivities iincluding ipathogenic irelated iproteins. iThis ibuttresses ithe itheory ithat 

ilaticifer icells iof iboth iplants iare idirectly iinvolved iin iplant iprotection. iThe ilatex iof iEuphorbia 

itirucalli iaccording ito iSouza iet ial., i(2010) iis ipoor iin iprotein iactivity iand idoes iit iimply ithat iit iis iless 

iprotected. iThis ihypothesis istill irequires iexperimental iinvestigation. i iThe iNinhydrin-Schiff's 

iprotein ireaction iindicated ia igreater iaccumulation iof iproteins iin ithe ilaticifer icell icytoplasm ithan iin 

ithe isurrounding icells i(Sacchetti iet ial., i1999). 

Chitinases/lysozymes ihave ialso ibeen iidentified iin ithe ilaticifers iof inumerous iother ilatex-producing 

ispecies, iincluding imonocotyledons, idicotyledons, iand ia igymnosperm i(Glazer iet ial.,1969; 
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iHoward iand iGlazer, i1967; iLynn, i1989; iMartin iand iGaynor, i1988). iIn imany iof ithese ispecies 

ichitinases/lysozymes ialso iappear ito irepresent ifrom i2 ito i30% iof ithe itotal isoluble iprotein iin ithe 

ilatex i(Martin iand iGaynor, i1988). 

 

2.10 iUltrastructure iof ilaticifers iin iHevea iBrasiliensis 

In ithe iexamination iand icomparison iof ithe idevelopment iof ilaticifers iin ia irange iof ispecies iof ilatex 

ibearing iplants ifrom ifive idifferent ifamilies, i iAbd iRazak i(2000) iemphasizes ithe iapplication iof ia 

irange iof imicroscopical itechniques, iand iin iparticular ia icomparative ieffects iof ipreparation 

itechniques isuch ias ithe iuse iof idifferent ifixatives i(such ias iimmunofix, iosmium itetroxide, iand 

iosmium itetroxide iplus izinc iiodide), iand iembedding imedia i(wax, iresins iand ilow itemperature 

iembedding) ion itissue ipreservation ifor iboth iscreening ipurposes. iDifferent istaining ireagents iwere 

ialso iused ito icompare ifor ithese ipurposes, iincluding ithe iuse iof ihistological iand ibiochemistry istains. 

iOptical imicroscopy iand ielectron imicroscopy i(using iboth iscanning ielectron imicroscope iand 

itransmission ielectron imicroscopes) iwere iused iin ithe iobservation iof ithe icell ibiology iof ideveloping 

ilaticifers. iWith isuch itechnical iprotocols ifor iidentifying ilaticifers iAbd iRazak i(2000) ireported ithat 

ilaticifers iin ihevea ishow ia ilarge iquantity iof irubber iparticles isuspended iin ia imatrix iand iwhen 

iobserved iappeared iin ia idark icolour, iseemingly isoaked iby ithe iosmium itetroxide iand iother iheavy 

imetals ifrom ithe istaining. iAn iemphasis iwas imade ithat iall irubber iparticles iwere ispherical ibut iof 

idifferent isizes. iThe iprocess iof icell iwall idisintegration iwas idescribed ito ibe ithe istarting ipoint iwhere 

itwo ior imore ineighbouring ilaticifers iare ijoined ito iform ia imore icomplex iarticulated ilaticifer 

isystem. iLaticifers iwere ifound iin ialmost iall iplant iparts. iResults ifrom ihistochemical istudies iof 

ilaticifers iindicated ithat ilatex iwas iobserved iin ithe iroot, ileaf icotyledon, ipetiole, ileaf iand ithe istem. 

iIn iaddition, ithey iwere ilocated iin ithe icambial iregion iof ithe itissues. 
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2.11 iHevea ibrasiliensis iLatex 

According iGomez i(1982), i i ithe isizes iof ilatex iparticles iin iHevea ibrasiliensis, ivary ifrom i0.01 inm ito 

i50nm iand iover iand imay ivary iin idiameter iin ivarious ispecies. iFurthermore, ithe ishape iof ilatex 

iparticles imay ibe idifferent, iranging ifrom ispherical ito ipear- ior irod-shaped. iIn iHevea, ithe iproperties 

iof isize iand ishape iof ithe ilatex iparticles iis idependent ion ithe iage ior igrowth istages iof ithe iplant. 

iMature iand iolder iplants itend ito ihave ilarger iand ispherical ishapes iwhereas iyoung iplants ihave 

ismaller iand ispherical ishapes i(Gomez, i1982). iSome iinvestigators ireported ithe icolour imay ivary iin 

idifferent iparts iof ia isingle iplant, iand iwas iobserved iin iHevea ibrasiliensis ithat ithe icolour imay 

ichange iafter ithe ilatex ihas iexuded ifrom ithe iplant i(Gomez, i1982). iAccording ito iHomans iand iVan 

iDalfsen i(1948), icentrifuged ilatex iseparates iinto idifferent ifractions ithat iis ithe iwhite iand ithe iyellow 

ifractions. iThough ithe ioriginal ilatex icoagulates ispontaneously iafter iabout itwelve ihours, ithe iwhite 

iand ithe iyellow ifractions imay istay ifluid ifor idays iand icoagulate iwithin ifew ihours irespectively. iThis 

iwas iattributed ito ithe iprobability ithat iall ienzymatic ireactions iin ithe iyellow ifraction iare imuch imore 

inoticeable ithan iin ithe iwhite ifraction, iallowing ifor ian ienhanced isplitting iof ilarge-molecule 

icomplexes iand ithe iformation iof ifree ifatty iacid iwhich, iin ithe ipresence iof isome ications ieffect 

ispontaneous icoagulation. iHomans iand iVan iDalfsen i(1948) ifurther ireports ithat ithe iviscous imatter 

iresponsible ifor iviscosity iin ilatex iis irobust, iand ithe iamount iand ithe iproperties iare idependent ion 

iseveral ibiological iincluding iage iand istrain iof ithe itree, iplace iand ifrequency iof itapping; ipossibly 

ithe iseason iand iweather iand ieven ithe isoil iconditions. 

As ireported iby iAbd iRazak i(2000), ithere iis ievidence iof irubber iparticle icoagulation iand ifree 

imicrohelices iamongst irubber iparticles ifrom ithe ibroken ilutoids i- ian iorganelle iexclusively ifound iin 

ithis igenus. iLutoids iare ireported ito ibe ivery isensitive ito iosmotic ipressure iand iwhen iunder iturgor 

ipressure iduring isectioning, ithe istructure iof ithe ilutoids iis ihard ito imaintain. iLutoids ias iin iHevea 
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ibrasiliensis i(Euphorbiaceae), iare inamed ito ibe ithe isecond imost inumerous iorganelle iafter irubber 

iparticles(Dickenson, i1969; iSouthorn, i1969; iGomez iand iYip, i1975). iThe isize iof ilutoids iwhich iis 

i0.5-3 iµm, ihas ibeen idescribed ias isimilar ias irubber iparticles i(Southorn, i1964, i1969). iFresh isection 

ifrom iall iparts iof iHevea iproduced iwhite imilky ilatex. iOver itime iwhich iturned ipale ito iyellowish iand 

iwill icoagulate iif ileft iat iroom itemperature ijust ias ireported iby i(Gomez, i1982). iLutoids iare idirectly 

ilinked iin ithe icoagulation iprocess iof ilatex iwhich ienables ithe iceasing iof ithe iflow i(Southourn, 

i1968). 

In ia ipaper iby iMartin i(1991), iresults ishowed ithat ichitinases/lysozymes imakes iup iabout i20% iof ithe 

isoluble iprotein iin ithe ilatex iof iHevea ibrasiliensis. iThe ichitinase/lysozyme iactivity iin ithe ilatex iof 

iHevea ibrasiliensis iwas ifurther iresolved iinto iseven iproteins iand icharacterizing ithe iphysical iand 

icatalytic iproperties iof ieach. iThe iactivity iof ia imarker ienzyme ifor isoluble ivacuolar iproteins i- iacid 

iphosphatase, iwas imeasured iin iboth ithe icleared icytosolic iand ipellet ifractions. iAlmost iall ithe 

iactivity iwas ilocalized iin ithe ipellet, iconfirming ithe ipresence iof iintact ivacuoles iin ithat ifraction. 

iGreater ithan i98% iof iboth ithe ichitinase iand ilysozyme iactivities iwas ialso ifound iin ithe ipellet, 

ishowing ithat iin ilatex ithese iactivities ialso iare ilocated iexclusively iin ithe ivacuoles ior ilutoids. 

iProtein ideterminations iindicated ithat i70% ito i80% iof ithe isoluble iprotein iin ilatex iwas iin ithe ipellet 

ior ibottom ifraction iwith ichitinases iand ichitinases/lysozymes irepresenting imore ithan i20% iof ithe 

itotal isoluble iprotein i(Martin, i1991). i 

However, ithe iisolation iof ichitinases/ ilysozyme ifrom ithe ilatex iof iH. ibrasiliensis iresulted iin ithree 

igroups, inamely; i“those ihaving ichitinase iactivity ibut ilacking ilysozyme iactivity, ithose ibehaving ias 

i"typical" iplant ichitinases iwith ilow ilysozyme iactivity iand ithose ihaving iboth ihigh ichitinase iactivity 

iand ivery ihigh ilysozyme iactivity”. i iHevein iis ia iknown ichitin-binding iprotein ithat ihas ibeen ifound 

iin ilaticifers iof ithe irubber itree i(Broekaert iet ial., i1990). iIt iis isaid ithat ihevein imay ibe ia iproteolytic 
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ifragment iof ia ichitinase/lysozyme i(Martin, i1991). iArcher iet ial., i(1969) ireported ihevein ito ibe ione 

iof ithe imajor iproteins iin ithe ilutoid ibodies iof irubber itree ilatex. iHevein ihas ibeen ishown ito ibind 

ichitin iand ito iinhibit ithe igrowth iof iseveral ichitin-containing ifungi i(Parijs iet ial., i1990) iand ithus 

isuggesting ithat ihevein iplays ia irole iin ithe iprotection iof iwound isites ifrom ifungal iattack. iIn ithe ilatex 

iof iHevea ibrasiliensis, iapproximately i200 idistinct iprotein ispots iwere ifound iin iusing i2 idimensional 

ielectrophoresis i(Posch iet ial., i1997). iThe ifraction iof ilatex iexpelled ifrom ithe isevered ilaticiferous 

imantles iduring itapping iis iestimated ito icontain iabout i30-50% i(wt/wt) iof icis-1, i4-polyisoprene 

i(Kekwick, i1989). iThe ispecialized iactivity iof ilaticifers iin ithe ibiosynthesis iof irubber i(isoprenoid) 

imakes iit irational ito iexpect ithe imajor iproteins iin ilatex ito ibe ienzymes iinvolved iin ithe ibiosynthesis 

iof irubber i(Martin, i1991). 

 

2.12 iAllergenicity 

A itotal iof i57 iHevea ilatex ipolypeptides iout iof ithe iapproximately i240 idifferent iHevea ilatex 

ipolypeptides iidentified iare ireportedly iallergenic i(Slater iand iChhabra, i1992; iCzuppon iet ial., i1993; 

iLu iet ial., i1995). iPresently, ithe iuse iof icornstarch idonning ipowder iin inatural ilatex iproducts iis ithe 

ionly imode iof itreatment iof iallergic ireactions ias iit iprevents idirect icontact iand iexposure ito iairborne 

ilatex iallergens. iHowever, iaccording ito iTomazic iet ial., i(1995) ithere iis ia idifferent igroup iof isoluble 

iHevea ilatex iproteins, iwhich ireadily iattach ito icornstarch iand ican ibe ireadily iaerosolized, iand iis 

iable ito isensitize iindividuals iwho iare ioccupationally iexposed. iIt ihas ibecome ialmost iimpossible ito 

ireplace iHevea irubber-containing imedical iproducts isuch ias icatheters ifor iindividuals isensitized ito 

iHevea ilatex, isuch ias ichildren iwith ispina ibifida iwho irequire ifrequent isurgical iprocedures, ibecause 

isynthetic imaterials ihave inot ialways ipossessed ithe iphysical iproperties irequired. iCurrently, ino 

iperfect isynthetic isubstitute ifor isome iHevea ilatex-containing imedical idevices iare iavailable. 
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iHence, ithe isearch ifor ia irubber isource ithat iprovides ia inon-allergenic ialternative ito iHevea ilatex iis 

inecessary ifor idevices ithat imust ibe ihighly ielastic i(Siler iet ial., i1996). iSiler iet ial., i(1996) ireported 

ithat ithe iIgE iantibodies iin ithe isera iof ichildren iand ioccupationally iexposed iadults iwith iHevea 

iallergy, iand ithose iwith ispina ibifida imay ireact ito idifferent iproteins iat idifferent idegrees, idepending 

ion itheir imode iof iinitial isensitization. iIndividuals iwho iundergo imultiple ioperations iand ia iminority 

iof iadults iwho ihave idermatitis itend ito idevelop iIgE iantibodies ito ithese iproteins. i 

 

2.13 iVitellaria iparadoxa ilatex 

Despite ithe iprogressive inature iof iresearch ion ishea ilatex ilittle iis istill iknown iabout iit. iReports ifrom 

iresearches iso ifar ion ishea ilatex ishow ithat iit ihas ilow iprotein icontent icompared ito irubber ilatex 

i(Fosu iand iQuainoo, i2013) iwhen iproximate ianalysis iresults iwere icarried iout ion isamples iof iboth 

iHevea ilatex iand ishea ilatex; iQuainoo iet ial., i(2015) ialso ireported ithat iexcept ifor icrude iprotein iand 

imoisture icontent, iagro-ecological izones iand iland iuse idid inot ihave iany iinfluence ion ithe iquality iof 

ithe iproximate icomposition iof ithe ishea ilatex; iQuainoo iand iDugbatey i(2016) ialso ihad iresults 

iindicating ithat ishea ilatex iflow idecreases iwith iincreasing iage iof ithe itree. iThe iproximate 

icomposition iof ithe ishea ilatex iwith irespect ito ithe ivarious iages ianalyzed iamong ishea itrees ialso 

irevealed ithat icrude ifat iand imoisture iwere islightly ihigher iin ithe iyounger itrees ithan ithe imature 

itrees. iHowever, icrude iprotein, icrude ifibre, iash iand icarbohydrate iwere ifound ito ibe isignificantly 

ihigher iin ithe imature itrees. 

Proximate icomposition ifor icrude ifat, imoisture, iash iand icarbohydrate iexhibited iinsignificant 

idifference iacross idifferent imonths iof itapping. iHowever, icrude iprotein iand icrude ifiber ilevel iwere 

isignificantly ivariable iwithin icertain imonths i(July iand iAugust). iFurthermore, icrude iprotein ilevels 

iof ishea ilatex iwith irespect ito itime iof itapping iand ilocation iwere ilow iand isignificantly idifferent. 
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iMineral iions isuch ias iK, iZn, iNa iand iphytochemicals isuch ias ialkaloids, iterpenoids, itannins iand 

isome ireducing isugars iare ireported ito ibe ipresent iin ishea ilatex i(Abdul-Aziz iet ial., i2016). 

 

2.14 iOther ieconomically iimportant ilatex-bearing ispecies 

In ia istudy iconducted iby iSiler iet ial., i(1996) ito idemonstrate ithat iserum iIgE iantibodies ifrom 

iindividuals iallergic ito iHevea ilatex iand iIgG iantibodies ifrom iHevea ilatex-hyperimmunized imice 

ido inot irecognize iproteins ifrom iguayule ilatex, iPartheniurn iargentatum ialso iknown ias iguayule, 

iwhich iis ia idesert ishrub inative ito ithe iChihuahuan idesert iof inorth-central iMexico iand isouthwest 

iTexas ibelonging ito ithe isunflower ifamily iof iplants i(Asteraceae), ia ifamily iwith iover i20,000 

ispecies, iwhich ialso iincludes ithe iragweeds iof ithe igenus iAmbrosia i(West iet ial., i1991). iGuayule 

iplants iproduce ilatex iwhich icontains inatural irubber, iwhich iis iknown ito ibe icomparable iin iquality ito 

ithat iof iHevea i(Hammond iand iPolhamus, i1965). iHowever, iunlike iHevea, iwhich iproduces irubber 

iparticles iin ilatex ivessels ithat ican ibe ireadily itapped, ithe ilatex iof iguayule iis iaccumulated iin 

iparenchyma icells iin ithe ibark. iA ilatex-like irubber iparticle isuspension ican ibe imade ifrom iguayule 

ibark, iwhich iis isuitable ifor ithe iproduction iof irubber iproducts iincluding igloves, icatheters, iand iother 

imedical iand iconsumer isupplies i(Cornish, i1998; iJones, i1948). iAccording ito iWest iet ial., i(1991) 

iguayule iproteins ihave ithe ipotential ito iinduce iIgE iimmune iresponses, ihence ishould ibe iconsidered 

ipotentially iallergenic. iOn ithe icontrary, iSiler iet ial., i(1996) ireported ithe iabsence iof ireactive iprotein 

iindicating ithat iguayule idoes inot icontain iallergenic iproteins ithat iare istructurally isimilar ito ithose iin 

iHevea-latex igloves iand iother ilatex iproducts. iAccording ito iBonner iand iGalston i(1947) ithe iyield iof 

irubber ifrom iGuayule iis iestimated iat i0.027kgm-2
 iand i0.101 ikgm-2after ione iyear iand itwo iyears 

irespectively. iSupposedly, iyields iare iestimated ito iof iup ito i0.168 ikgm-2
 iand ihas ibeen iestimated ithat 

iafter i10 iyears ithe iplants imight iyield i0.269 i– i0.303kgm-2. 
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According ito iFisher i(1980), iCarica ipapaya icommonly iknown ias ipawpaw, icontain ilaticifers 

ioccuring ithroughout ithe imesocarp itissue, ioften iparalleling ivascular ibundles. iThese iproduce ilatex 

iwhich iis iwhite iand iis icollected icommercially iand icontains ia iproteolytic ienzyme, icalled ipapain. 

iThe ilatex ibecomes igranular iand iis inot iwhite ior ifreely iflowing ias iin ithe igreen, iimmature ifruit ias 

ithe ifruit imatures. iNotably, ilatex iis iabsent iin iripe ifruit i i(Griebel, i1928). iThe ilatex iproducing 

imember iof ithe ifamily iPapaveraceae iare inotable ifor itheir ialkaloid icontent. 

The iCastilloa i[Castilla i(Castilloa) ielastica iCerv.] iof iSouth iAmerica iwas iexploited ifor irubber ilong 

ibefore iHevea ibrasiliensis ihad iever ibeen idiscovered ior iidentified ibotanically i(Metcalfe, i2018). 

iThe iAssam iRubber i(Ficus ielastica iRoxb.) iis ialso ia ibest irubber isource iin ithe ifamily iMoraceae. 

iThe irubber iin iboth ispecies iis idifficult ito iextract iand iis isaid ito ibe ivariable iin iquality. iAgain, ithe 

ilatex iof iFicus ielastica iis irich iin imagnesium isalts iand icrystallizes iupon iexposure ito ithe iair. 

Allium, ithe igenus ito iwhich ionions iand itheir iallies ibelong, ihave ia itaste iwhich iis iattributed ito ithe 

icontents iof ithe ilaticifers, iwhich iis iin ithe inature iof ia iresinous isubstance iand isaid ito ibe ieasily 

ihydrolyzed ito iallyl isulphide i(Hoffman, i1933;Mann iand iStearn, i1960;Esau, i1965). i 

Funtumia ielastica iStapf, ia imember iof ithe ifamily iApocynaceae, ihas istirred iup ispecial iinterest ias ia 

isource iof irubber. iThis itree ican ibe icultivated ito iserve ias ishelter ibelts iand ialso ifor iweed 

isuppression iand ireducing ilight iintensity. iCrushed ibark ifrom isome irhizomes iin ithis ifamily iare isaid 

icontain i16% irubber iof ireasonably igood iquality. iAmong ithem iis iCarpodinus, ia isource iof iroot 

irubber iand iGutta iPercha iis iobtained ifrom iDyera icostulata iHook. if. iVines iof iLandolphia 

iheudelotii, ialthough ihave ismall iyields ilike i200 ig/year ifrom ibark iincisions. iL. ithollonii iDewevre. 

iEvidently, irubber ihas ibeen iextracted ifrom ivines isuch ias iLandolphia ispp i(Mahlberg, i1993). 
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Cook i(1943) ireported ithe iextraction iof irubber ifrom iAsclepias isubulata iDecaisne, ia iMilkweed 

iwith ireduced ileaves, iwhich ican ibe igrown ias igrass iand iis ifound iin iCalifornia iand iArizona. i 

iCryptostegia igrandiflora iR. iBr., iindigenous ito iMadagascar, iis iof isignificant iinterest iin ithe ifamily 

iAsclepiadacea, ifrom iwhich iabout i79.4 ikg iof irubber iper iacre ican ibe iobtained i(Snyder, i1955). iThe 

irubber iis iextracted ifrom ithe icut iends iof ileafless istem iis iknown ias i‘whips’. iBonner iand iGalston, 

i(1947) ialso ireported ithat irubber ihas ialso ibeen iextracted ifrom ithe isame ispecies iby iretting ithe 

ileaves iwith iClostridium iroseum. iLatex iproducing imembers iof ithe igenus iCaricaceae, ihave 

icontents ithat istain iyellow iwith iiodine iand iare iof iinterest ibecause iit icontains iproteolytic ienzymes 

i(Metcalfe iand iChalk, i1950). i 

The iCeara irubber iplant i(Manihot iglaziovii), ia imember iof ithe iEuphorbaceae ifamily, ito iwhich 

ibelongs ialso iHevea ibrasiliensis iproduces irubber. iThe ilatex ifrom iEuphorbia ispp. ihas ia ihigh iresin 

icontent, iand ithat iof iExcoecaria iagallocha iL. iis ipoisonous, icausing iskin iblisters iand iirritation ito 

ithe ieyes. 

The iSapotaceae ifamily iinclude ispecies ilike ithe iAchras izapota iL. i(Sapodilla) ifrom ithe iEast iIndies 

iand iFlorida, ian ioriginal isource iof ichicle ifor ichewing igum, iand ithe iManikara ibidentata i(Balata 

itree) ifrom iFrench iGuiana, iwhich iyields ia isubstance irelated ito irubber. iSubstances isuch ias igutta-

percha iand ichicle iare iproduced iin iarticulated ilaticifers ithroughout ithe ifamily i(Metcalfe iand iChalk, 

i1950; iSassen, i1965). iChewing igums iare ihighly ienjoyed ias iconfectionery ipreparation. iThe iGreeks 

isweetened itheir ibreath iand icleaning itheir iteeth iby iusing imastiche, ia iresin ifrom ithe ibark iof imastic 

itree. iMayan iIndians iof iYucatan ichewed ichicle ifrom ithe isapodilla itree. iDuring ithe i1860’s, 

iThomas iAdams, irealized ithe ipotential imarket ifor ichewing igum iproducts. iHe iwrapped ipieces iof 

ipure, iflavorless ichicle iin icolored itissue ipaper, ipackaged ithem iin iboxes, iand ipublic iresponse ito ithe 

iproduct iwas ivery ifavorable i(Shah iand iMehta, i2014). iIt iis ireported iby iseveral iresearchers ithat igum 

www.udsspace.uds.edu.gh 

 

 

 

 



48 
 

ibase iwhich iforms iabout i15-45 i% iof ithe iwhole ichewing igum imay ibe iobtained ifrom idifferent ilatex 

isources iincluding iManilkara izapotilla iof ifamily iSapotaceace, iManilkara ihuberi iof ifamily 

iSapotaceace, iPalaquium ileiocarpum iof ifamily iSapotaceace, iMicropholis ispp. iof ifamily 

iSapotaceace, iDyera icostulata iof ifamily iApocynaceae, iCouma iutils iof ifamily iApocynaceae, 

iCouma imacrocarpaof ifamily iApocynaceae iand iFicus iplatyphyllaof ifamily iMoraceae. iThese iare 

imade ito iconstitute iVitamins, ioral icontraceptive, inicotine, iminerals, ianalgesic, iantacids, imuscle 

irelaxants, iantihistamic, idecongestants, ianaesthetics, iantitussive, iantibiotics, ietc. iand iused ifor 

iMedicated ichewing igums i(MGCs) i(Shah iand iMehta, i2014). 

 

2.15 iFactors iaffecting ilatex iflow iand iquality 

Previous istudies ihave ireported itwo imajor ifactors ithat iaffect ithe iyield iof ilatex iat ieach itapping; 

inamely, iinternal ifactors i isuch ias iclone iand itree iage iand iexternal ifactors isuch ias itapping isystems, 

istimulation, ithe idepth, islope iand ilength iof itapping icut i(Njukeng iet ial., i2011; iTraore iet ial., i2011; 

iGunasekera iet ial., i2013). iAlso, iGunasekera iet ial., i(2002) ireports ithat iinitial iflow irate, iplugging 

iindex, iand idry irubber icontent iwhich iform ipart iof ilatex iphysiological iprocesses iinvolved iin ilatex 

iflow iare iclosely ilinked ito iyield. iButtery iand iBoatman i(1964, i1966)showed ithat ithe iflow irate iof 

ilatex islows idown irapidly ias ia iresult iof iloss iin iturgor iuntil ithe iflow iceases ieventually iby ithe 

imechanism iof ilatex ivessel iplugging i(Milford iet ial., i1969). iAdditionally, ithe idiameter iand idensity 

iof ilatex ivessel ican ihave ia ilink iwith iyield iobtained i(Mesquita iet ial., i2006). iJacob iet ial., i(1989); 

iGunasekera iet ial., i(2013); iPethin iet ial., i(2015) ireport icertainbiochemical iparameters iof ilatex 

iespecially isucrose ito ialso irelate ito ithe iyield, ifor ithe ireason ithat ilatex ibiosynthesis ioccur iwithin ithe 

ilatex ivessels iusing isucrose i(Tupy, i1973, i1985; iDusotoit-Coucaud iet ial., i2009). iLatex iexudation 

iafter itapping iallows ifor irapidinitial ilatex-flow. iThe ilength ioflatex iflow iis igenerally iextended iby 
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iethylene istimulation i(Yeang, i2005) idue ito iphysiological ichanges iobserved iin ithe idrainage iarea iof 

ithe icut iafter itapping i(Gunasekera iet ial., i2013). iThe imeasurement iof ithe ilatex ivessel iplugging irate 

iis ifrequently iused ias ithe iplugging iindex i(Gunasekera iet ial., i2013; iYeang, i2005). iPlugging iindex 

iis irelated ito imany iother iclonal icharacters. iIt ihas ia inegative icorrelation iwith iyield iand iincidence iof 

idryness iand ia ipositive icorrelation iwith igirth, idry irubber icontent iof ilatex iand imagnitude iof ithe 

iresponse ito iyield istimulation i(Waidyanatha iand iPathiratne, i1971). 

Tapping isignifies ia iserious iabiotic iwounding istress ifor iexploited itrees i- iunder iregular itapping. iIt 

inecessitates ilatex icells ito ifully iregenerate itheir icytoplasm iafter ilatex iexpulsion i(Dusotoit-

Coucaud iet ial., i2010). iFactors isuch ias ienvironmental iand iharvesting istresses, ias iwell ias ithe 

imetabolic iactivity inecessary ifor ilatex iregeneration ibetween itwo itappings, ilead ito ithe iproduction 

iof ireactive ioxygen ispecies i(ROS). iExcessive iproduction iand iaccumulation iof iROS imay ilead ito 

ilaticifer idysfunctions isuch ias iTapping iPanel iDryness i(TPD). iThe iflow iof ilatex istops ias ia iresult iof 

iTapping iPanel iDryness. iWounding iand isubsequent iplant ihormone istimulation icould icause 

ioverproduction iof ireactive ioxygen ispecies i(ROS) iwhich ioxidises iproteins, ilipids, icarbohydrates 

iand iDNA i(Gill iand iTuteja, i2010). 

Some ispecific iorganelles iand isubcellular icomponents iare ithe imain isources iof iROS, iand ithese imay 

iinclude iFrey-Wyssling iparticles, iLutoid imembrane, iLutoids, iand iother icytosol iinclusions i(Zhang 

iet ial., i2017). iFrey-Wyssling iparticles iare iglobular idouble-membraned ispecialized ichromoplasts, 

iwhich iare iof i0.5–2 iµm iin idiameter iand icontain ilipids iand icarotenoids. iThese iplastids ihave io-

diphenol ioxidase i(ODP), ia ispecific ipolyphenol ioxidase i(PPO), iwhich iare ia isource iof iROS i(Coupé 

iet ial., i1972). iSingle-membrane ibound ilutoids iare ilysosomal imicro-vacuoles, i1–3 iµmin idiameter, 

iand igenerally iamount ito i10–20% iof ithe ivolume iof ifresh ilatex. iThese ihave ibeen iconsidered ias ithe 

imajor isource iof iROS iin ilatex icells i(D’Auzac iet ial., i1989). 
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Oxidation-reduction i(redox) ireactions iare iknown ito ihave ieffects ion ithe ibiology iof ilatex 

iproduction. iThis iinvolves ithe itransfer iof ielectrons ibetween itwo icompounds. i iAccording ito iMittler 

i(2002); iYou iand iChan i(2015), iredox ireactions iare icommon iand ivital ito isome iof ithe ibasic 

ibiological ifunctions isuch ias istress iresponse, idevelopment, iphotosynthesis iand irespiration. iIn 

imaintaining ia icell ior icompartment ienvironment iin ifavour iof ibiological iprocesses, iredox 

ihomoeostasis iis inecessary. iHigh ilevels iof iROS iare igenerated ias ia iresult iof idisturbances itriggered 

iin ithe ibasal iredox istate. i iAbiotic istress, ibiotic istress iandcertain iplant idevelopment iprocesses, iare 

iknown ito ibe ifactors ithat itrigger ithese idisturbances iin ithe ibasal iredox istate. iA istudy iby iZhang iet 

ial., i(2017) irevealed ithat iredox ireactions iand itolerance iof ibiotic iand iabiotic istress iare ikey 

ifunctions ifor ilatex iand inatural irubber iproduction iand iquality. iSeveral iPeroxides iand ifree iradicals 

ihave iadverse ieffects ion iall icomponents iof ithe icell, iincluding iproteins, ilipids iand inucleic iacids. 

iAccording ito iBaxter iet ial., i(2014); iFoyer iand iNoctor i(2005) ithe iROS iare ialso iinvolved iin iplant 

idevelopment iand iare ithus idescribed ias isecondary imessengers. i 

However, iresearch ihas ibeen ifocused ion iROS-scavenging isystems iin ilaticifers, iand ialso ithe isupply 

iof iantioxidants ito imitigate isuch ieffects. iThe iROS-scavenging isystems iplay ian iessential irole iin 

imaintaining iredox ihomoeostasis. iRedox ihomoeostasis iis icontrolled iby ithe ibiosynthesis iand 

ireduction iof iantioxidants iand iby iROS-scavenging ienzymes. iLatex icontains ithree imain 

iantioxidants, ithat iis ithiol, iascorbate iand itocotrienol. iPhytosterols, iphospholipids, iphenols, 

ibetaines, iproteins iand iamino iacids iare iother imolecules iwhich ipossess iantioxidant iability i(Zhang 

iet ial., i2017). i iAccording ito iMcMullen i(1960), ithe imain ithiols iin ilatex i iare iGlutathione iand 

icysteine. iThe ientire ithiol icontent iis ione iof ithe imany iparametersused ifor ilatex idiagnosis. iA 

ipositive icorrelation iexists ibetween ithe itotal ithiol icontentand ilatex iproduction iand iis iused ito 
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imonitor ithe iphysiological istatus iof itrees iunder iproduction i(Eschbach iet ial., i1984; iPrevot iet ial., 

i1984b; iSreelatha iet ial., i2009). 

The iquality iof inatural irubber imaybe iinfluenced iby inatural iantioxidants iin ifresh iharvested ilatex, 

iand iduring irubber imaturation iand iprocessing. i iDuring istorage, ihardening iof iraw irubber ioccurs 

idue ito iOxidative idegradation i(Morris, i1991). iNatural iantioxidants imight ihinder isuch ioxidation, 

inonetheless ithey iare inot iadequate iin ilatex ito iprotect ithe ipolymer. iVitamin iE, iphytosterols, 

iphospholipids, iphenols, ibetaines, iproteins iand isome iamino iacids ifrom ithe ilatex ican iact ias 

iantioxidants ito iprevent ioxidation iin iraw irubber i(Altman, i1948; iDunphy iet ial., i1965; iTirimanne iet 

ial., i1971; iMusigamart iet ial., i2014). iAmong ithe ilatex iantioxidants iin iraw irubber, ivitamin iE ihas 

ibeen iproposed ias ithe ichief inatural iantioxidant. iVitamin iE ican ipersist iin iraw irubber iduring 

iprocessing i(Liengprayoon iet ial., i2013) iand ihas ithe iability ito imaintain iantioxidant ieffectiveness iin 

ivitro(Kamal-Eldin iand iAppelqvist, i1996) idue ito iits ifat-solubility iproperty. i 

Some ienzymes iknown ias iantioxidant idefense ienzymes, iare ivital ifor ibreaking idown ithe iharmful 

iend-products iof ioxidative imodification. iConnected iwith ian iincrease iin irespiration, itapped itrees 

ialso iimproved ithe ienzymatic iROS-scavenging isystem iin isoft ibark itissues(Annamalainathan iet ial., 

i2001). 

Tapping iPanel iDryness i(TPD) iis iknown ito iextremely iaffect ithe ilatex iproduction iof ia irubber 

itreeplantation. iTapping iPanel iDryness irefers ito itwo iconditions i(Putranto iet ial., i2015). iThe ifirst 

icondition iis ilinked ito ioverproduction iof iReactive iOxygen iSpecies iand isubsequent icellular 

idamage. iHowever, ithis icondition ican ibe ireversible iafter iresting itrees iwithout itapping i(Das iet ial., 

i2002). iThe isecond iform, iinvolves ihistological ichanges iand isenescence imechanisms iand iit iis 

icalled ibrown ibast i(de iFaÿ iand iJacob, i1989). iTapping iPanel iDryness isusceptibility iis iinfluenced 

iby iboth igenetic iand ienvironmental ifactors. iOverexploitation iof irubber itrees iincluding ia ihigh 
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itapping ifrequency iand iethephon istimulation ican icause iearly iTPD ioccurrence i(Putranto iet ial., 

i2015). 

Cretin iand iBangratz i(1983) ifirst ireported ithat ithe igeneration iof ireactive ioxygen ispecies iand ithe 

isubsequent iperoxidation iof ithe icellular imembrane isystem iwere iinvolved iin ilatex iflow istoppage. 

iAccording ito iChrestin iet ial., i(1984), ihigh iNAD(P)H ioxidase iactivity iat ithe isurface iof ilutoids iwas 

iconsidered ias ithe imain isource iof iReactive iOxygen iSpecies ileading ito iperoxidative idegradation iof 

ithe iunsaturated ilipids iof ithe ilutoid imembranes iand isubsequently, ithe irelease iof ifactors iinvolved iin 

ilatex icoagulation. iA iprotein, iHevein iwas ishown ito ibe iinvolved iin ithe iclumping iof irubber iparticles 

ias ireported iby iGidrol iet ial., i(1994). iAnother iHevea ilatex ilectin-like iprotein ipresent ion ithe ilutoid 

imembrane iwas ireported ito iinduce iaggregation iof irubber iparticles iand ilutoid imembranes 

i(Wititsuwannakul iet ial., i2008). iTypical iTapping iPanel iDryness isymptoms ishow ian iabnormally 

ihigh iNAD(P)H ioxidase iand iperoxidase iactivities, ibut ialso ia ivery ilow iactivity iin iReactive iOxygen 

iSpecies i- iscavenging ienzymes isuch ias isuperoxide idismutase i(SOD) iand icatalase i(CAT)(Chrestin, 

i1989). iA iconfirmation iwas imade ion ithe ibark iof itrees iover istimulated iwith ia ihigh iconcentration iof 

iethephon, iwhich ican igenerate ihigher iconcentrations iof ifree iradicals iand ishow ilower iSOD iactivity 

ithan iin iunstimulated itree i(Das iet ial., i1998). i iAccording ito iWang iet ial., i(2015), ithe iSOD iand 

iglutathione iS-transferase i(GST) iprotein icontents idecreased iin ilatex iafter itrees iwere istimulated 

iwith iethephon. iThis ishows ithat ia ihigh iconcentration iof iethephon iis ian iROS-related itoxin ifor ilatex 

itissue. iThe iexpression iof iReactive iOxygen iSpecies i- iscavenging ienzymes isuch ias icatalase ican ibe 

istimulated iby imoderate iethylene itreatment iin ia ihealthy itree ibut inot iin itrees ialready iaffected iby 

iTPD i(Kongsawadworakul iet ial., i1997). iGenerally, iantioxidants iand iROS-scavenging ienzymes 

iare ilinked ito ithe ipreservation iof ilatex iand irubber iproduction icapacity i(Das iet ial., i2002; iLacote iet 

ial., i1998). 
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A iwide irange iof ienvironmental ifactors iincluding ioxygen ishortage iis iknown ito iinduce ioxidative 

istress. iIn iTPD-affected itrees, ithe iconsumption iof ioxygen iby iNADH-cytochrome-c-

oxidoreductase iwas iparticularly ihigh iand ihypoxia icondition iwas iobserved i(Chrestin, i1989). 

 

2.16 iEthylene iStimulation 

Latex ibiosynthesis itakes iplace iin ithe icytoplasm iof ilaticifers, iwhich iare ispecialized ilatex icells iand 

ineeds isucrose ias ithe iunique iprecursor. iEthylene istimulation iduring ilatex iproduction iresults iin 

ihigh isugar iflow ifrom ithe isurrounding icells iof iinner ibark itowards ithe ilatex icells i(Dusotoit-

Coucaud iet ial., i2010). iAlthough iD’Auzac i(1964) iand iChow iet ial., i(2007), ipresented idifferent 

ipathways, iwhichever ithe ipathway, isucrose iis ithe iunique iprecursor iof inatural irubber iand iits 

ipassage iinto ilatex icells imay ibe icrucial ito ilatex iproduction. iLatex icells iare iheterotrophic iand ineed 

ito ibe iprovided iwith iphotosynthetic iproducts i ito imeet itheir ihigh icarbon iand ienergy irequirements 

i(Tupy, i1973; iEschbach iet ial., i1986; id’Auzac iet ial., i1989; iSilpi iet ial., i2007). iResults ifrom 

icytological istudies ishowed ithat ilaticifers ilack iplasmodesmata i(de iFaÿ iet ial., i1989; iHebant, i1981), 

iand idata ifrom ielectrophysiological iinvestigations i(Bouteau iet ial., i1991; iBouteau iet ial., i1992; 

iBouteau iet ial., i1999) ihave ishown ithe ievidence iof iactive isugar/H+ isymporters ion ithe ilatex icell 

iplasma imembrane.These isupposed itransporters iwere iexpressed iin isource iand isink iorgans, 

iincluding ilatex icells. iSucrose iis iknown ito ibe ithe ikey isugar itransported iinto isink ilatex icells iin 

iHevea itrees; iit iis iinvolved iin ilatex igeneration, iin iaddition ito iosmoregulation i(Jacob iet ial., i1989). 

iWith iregards ito isucrose, ielectrophysiological idata ishowed ithat iexogenous iglucose iinduced 

iplasma imembrane idepolarization iof iisolated ilatex icells ior iprotoplasts, isignifying ithe ipresence iof ia 

iputative iglucose/H+
 isymporter iin ithese icells i(Bouteau iet ial., i1992, i1999). iIn ia icase iof ithis isort, 

iglucose iwould idirectly ienter iglycolysis ito iproduce ipyruvate, ithen iacetyl-CoA, ithe iprecursor iof 
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icis-polyisoprene ibiosynthesis. iSucrose iand ihexose itransporters iexpressed iin imost isink iorgans, 

iindicates ithat isucrose ireleased iinto ithe iextracellular ispace ican ibe itaken iup idirectly ithrough 

isucrose itransporters iand/or ithrough ihexose itransporters iafter ibeing idivided iby ia icell iwall ienzyme 

icalled iinvertase i(Braun iand iSlewinski, i2009). iThere iis ia ipreference iby ithese icells ifor ithe 

iimportation iof isucrose irather ithan ihexoses iowing ithe ihigh idiversity iof isucrose itransporters iin ithe 

ilatex icells, icoupled iwith ithe icentral irole iof isucrose iin irubber isynthesis. iLatex icells imay icontrol 

itheir isugar itransport iin irelation ito itheir icarbon idemand i(Dusotoit-Coucaud iet ial., i2010). 

A isignificant iway ito ienhance irubber iproduction iis ito iprovide ithe itrees iwith iexogenous iethylene 

iusing ithe iethylene igenerator, iethephon i(D’Auzac iand iRibailler, i1969). iTreatment iwith iethylene 

igenerator iboth iincreases ithe ivolume iof iexported ilatex iand ikindles ilatex iregeneration ibetween 

itappings i(Coupé iand iChrestin, i1989). iQuantitatively, ilatex iproduction iis isaid ito iincrease iby ithis 

imethod iby i1.5- ito i2-fold. iThe imechanisms iof iethylene iaction iare inot ifully iunderstood. 

iPhysiological iand ibiochemical ievidence iindicate ithat iethylene iacts ion imembrane ipermeability, 

ileading ito iextended ilatex iflow, iand ialso ion igeneral ireformative imetabolism i(Coupé iand iChrestin, 

i1989). iAdditionally, isevera1 ienzymic iactivities ihave ibeen ishown ito ibe ispecifically itempered iby 

iethylene iin ithe irubber itree i(Coupé iand iChrestin, i1989) iand iother iplants i(Lieberman, i1979). 

iStudies ihave ishown ithat iethylene iincreases ilatex iproduction iby idifferent imechanisms, iincluding 

ienhancing ilatex isucrose iconcentration i(Low iand iGomez, i1982; iTupy iand iPrimot, i1976), 

ienhancing ithe isink istrength iof ilatex icells, ithrough istimulation iof ilatex icytosolic iinvertase iactivity 

i(Tupy iand iPrimot, i1982), iand iboth isucrose iinflux iand iH+/ iATPase iactivity i(D’Auzac iet ial., i1982; 

iLacrotte iet ial., i1985). iThe ieffect iof ithe ienzyme, ipolyphenol ioxidase i(PPO) ihas ibeen ireported iby 

iLi iet ial., i(2014), ithat ithis ienzyme iplays ia irole iin idefense iagainst ipathogen, iresponsible ifor ilatex 

ibrowning iand iis iassociated iwith ilatex icoagulation iand iwound ihealing. iFrom ithis istudy, ithe iPPO 

www.udsspace.uds.edu.gh 

 

 

 

 



55 
 

idecreased iin iethephon-treated ilatex iserum ishowing ithat iit iwas idown-regulated iby iethylene. iA 

iconclusion iwas idrawn ithat idecline iin iaccumulation iPPO iin iethephon-treated isample imay ihave 

ihampered irubber iparticle iaggregation iwhich isubsequently iprolonged ithe ilatex iflow. 

According ito iDusotoit-Coucaud iet ial., i(2010), ithe ihevea imodel iused iindicated ithat isucrose 

idemand iof ilatex icells icould ibe imuch ihigher iin iexploited itrees ithan iin iunexploited iones. iCertainly, 

ithe ifrequently itapped irubber itree iproduces imore ilatex ithan ithe ivirgin iones; ithat iis i450 iand i220 ig 

itap−1
 itree−1

 irespectively iand ithese iexploited itrees iare iexposed ito irepeated isevere iwounding, 

icombined iwith iconstitutive ihigh imetabolic iactivity irequired ifor ilatex iregeneration ibetween 

isuccessive itappings i(from ievery i2 ito i5 idays, idependent ion ithe iplantations). 

A ikey ienzyme iglutamine isynthetase i(CS; iEC i6.3.1.2) iinvolved iin initrogen imetabolism ihas ibeen 

istudied irelating ito iethylene istimulation iand ithere iis ifound ia ispecific iand isignificant iactivation iof 

ithe icytosolic iglutamine isynthetase i(CS) iin ithe ilaticiferous icells iafter iethylene itreatment 

iparalleling ithe iincrease iof ilatex iyield. iFollowing iethylene itreatment,the iCS iresponse ito iethylene 

imight ibe imediated iby iammonia ithat iincreases iin ilatex icytosol. iQuantitatively, ia imoderately 

iproducing itree iduring ione itapping imay iexport i100 imL iof ilatex, iwhich iis icompletely iregenerated 

iwithin i3 idays. iThis iparallels ito ithe inet isynthesis iof iabout i50 ig iof idry irubber iand i1.2 ig iof iprotein 

i(Pujade-Renaud iet ial., i1994). iAccordingly, ia ivery iintense imetabolic iactivity iis irequired, iin 

iparticular ienergy-generating icatabolic ipathways ilike iglycolysis i(Jacob, i1970), iand ialso ianabolic 

iprocesses ipermitting ireformation iof ithe iintracellular icomponents. iIn ithis isetting, initrogen 

imetabolism iinvolved iin iprotein iand inucleic iacid isynthesis itakes ia iprominent ipart. i 

Glutamine isynthetase i(EC i6.3.1.2) iallows iNH4
+

 iintegration iinto iorganic icompounds. iThis 

ienzyme, ispecifically, isupplies ithe icells iwith ithe iamino iacids ineeded ifor iprotein isynthesis ithrough 

ithe ipathway iinvolving iglutamate isynthase. iResults ihave ishown ithat iethylene iinduces ia isubstantial 
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iincrease iof ithe iGlutamine isynthetase i(GS) iactivity iin ithe ilatex iof irubber itrees iin ithe ivarious 

igenotypes itested. iThe iprogression iof ithis istimulation iis iwell ilinked iwith ithe ikinetics iof ilatex 

iyield, ialong iwith iwith iother iphysiological iparameters i(pH, imineral iions, isaccharose icontent, ietc.) 

irealized iin irubber itrees iafter iethylene itreatment iunder isimilar iconditions i(Primot iet ial., i1979). 

iAccording ito iPujade-Renaud iet ial., i(1994), ithe ifact ithat iethylene itreatment ihad ino ieffect ion ithe 

iconcentration iof itotal icytosolic iprotein iof ithe ilatex ialthough iincreasing ithe ivolume iof iexported 

ilatex iindicates ithat iethylene itriggers ia igeneral iactivation iof iprotein isynthesis ior iprotein iturnover 

iin ithe ilatex iof ithe itreated itree. iIt ican ibe iresolved ithat ithe iprotein icontent iof ithe ilatex iis iefficiently 

icontrolled, iwith ian iequilibrium ibetween ifull iregeneration iof ithe iproteins iand iloss ithrough ieach 

itapping, ieven iunder iconditions iof iethylene-increased ilatex iremoval. 

Ethylene itreatment iinduced iNH4
+

 iaccumulation iin ithe icytosol ishowing ia imeasurement iof i18% 

iincrease iwithin i24 ihours iafter iethylene itreatment iand ireached i40% ion iday i10. iNotably, ithis 

istimulation iwas ispecific ifor iethylene igenerator iand iindependent iof ibark iscraping ior ipalm ioil 

iapplication i(Pujade-Renaud iet ial., i1994). iThe iNH4
+

 ilevel icould ipossibly ibe ian iintermediate 

iregulator iof iGS iexpression iin ilatex, ias iit iis iin isome iother iplants i(Kosaki iet ial., i1991; iMiao iet ial., 

i1991; iSantos iand iSalema, i1992). iThis ihypothesis iis ibuttressed iby ithe ifact ithat iethylene itreatment 

iinduces iNH4
+buildup iin ithe icytosol iof ithe ilaticifers. iAccording ito iMiao iet ial., i(1991) ithe iprocess 

iby iwhich iethylene itriggers ithis ibuildup iis inot iknown; iit imight ibe ithrough ialterations iof ithe 

imembrane ifeatures, iwhich iwould iactivate iammonia iuptake, ior ithrough ithe istimulation iof 

ihydrolases iable ito irelease iNH4
+

 ifrom initrogenous isubstrates. iUnder iethylene istimulation iin ilatex 

iproduction, iGS iactivation imight ibe iinvolved iin iavoiding itoxicity ifor ithe icell iby ilimiting 

iNH4
+buildup. iContextually, idirect iregulation iof ithe iGS igene iby iNH4

+
 iwould iseem iappropriate. 

iHowever, iextensive istudies iconducted ito iunderstand ithe imechanism iof iethephon iand iits 
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iconsequences ito ithe iplant isystem iby iKhan iet ial., i(2008) ishowed ithat iethephon iinfluenced igrowth, 

iphotosynthesis iand initrogen iaccumulation iof iBrassica ijuncea idepending ion ithe iamount iof 

initrogen iin ithe isoil. iThe initrogen irequirements ifor iprotein isynthesis iis iimportant iin iethylene-

stimulated itrees ifor iwhich ione itapping iexpels itwice ias imuch ilatex. iIn ithat icase, i28 immol iof 

initrogen ihave ito ibe ireincorporated iinto iproteins. iThe iless ithan i2-fold iactivation iof iGS iby iethylene 

imeasured iby iPujade-Renaud iet ial., i(1994) iwould ithus iprovide ithe iincreased icapacity ifor initrogen 

iincorporation iessential ito irecompense ifor ithe iethylene-increased iprotein iremoval iin ithe isame 

iamount iof itime. i 

According ito iAbd-Rahman iand iKamarrudin i(2018), ia istudy ion ithe ieffect iof iethylene igenerator i- 

iethephon ion ilatex iserum iproteome iand iits isignificance ito ilatex iflow iwas iconducted iusing 

iquantitative iproteomic ianalysis inamely iIsobaric iTags ifor iRelative iand iAbsolute iQuantification 

i(iTRAQ). iThe iresults ishowed ithat iethephon igreatly iinduced inumerous ilatex iserum iproteins ithat 

iare iinvolved iin imany ibiological iprocesses iand imolecular ifunctions. iMost iof ithe iidentified 

iproteins iwere ifound ito ibe iin ithe iorganelles, imembrane iand iextracellular iregion. iUnder ithe 

imolecular ifunction iclass, imost iof ithe iproteins itook ipart iin ibinding iactivity, ifollowed iby icatalytic 

iactivity ias iwell ias iantioxidant iactivity. iAlso, ithe ianalysisrevealed ithat icarbohydrate imetabolisms 

iwere imajor iunder ithe imetabolic ipathways iaffected iby iethephon itreatment. iAs ireported iby iArcher 

iet ial., i(1969), iHevea ilatex iis imade iup iof ia ivariety iof imolecules isuch ias irubber iparticles, iproteins, 

icarbohydrates iand iother icell icontents. iApplication iof iethephon ion irubber itree iconnects iseveral 

imetabolic iresponses iand ibiochemical iprocesses iincluding icompartmental ipH iand initrogen 

iassimilation, icarbohydrate itransport iand imetabolism, isucrose iand iglucose iloading iand iprotein 

isynthesis i(Coupé iand iChrestin, i1989; iWang iet ial., i2015). 
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2.17 iMineral iIons 

According ito iGan iand iTing i(1993), iworking iwith ifresh ilatex iis iproblematic ias iits iproperties iare 

isubject ito iclonal iand iseasonal ivariations. iClonal ivariation ican ibe iovercome iby iselecting ia ifixed 

inumber iof itrees iof ithe isame iclone ito iobtain ithe inecessary iquantity iof ilatex iper itapping. iSeasonal 

ivariation iis ihowever iquite ibeyond icontrol iwhen ifresh ilatex iis icollected iin idifferent iperiods. iFresh 

ilatex icontains imetal iions i(Archer iet ial., i1963) iand iduring ithe icoagulation iprocess, isome iof ithem 

imight ibe iretained iin ithe irubber imolecules iif ipresent. iBurfield i(1986) ireports ithat, iremoval iof 

ithese iions iby idialysis iis iable ito ireduce ihardening iof irubber. iThis iimplies ithat ithe ipresence iif ithese 

iions iwill ipromote ihardening. iDivalent ications iessential ifor iionic icrosslinks iwhich icontribute ito 

ihardening ican icome ifrom ilatex iwhich icontains iMg2+
 iand iCa2+

 i(Archer iet ial., i1963). iLatex ialso 

icontains iK+
 iand iNa+

 iwhich iare iunable ito iform iionic icrosslinks. iThus, imonovalent iions isuch ias 

iLi+, iNa+, iK+
 ido inot iaffect ithe iincorporation iof initrogenous igroups iinto ithe irubber ichain iand 

iconsequently ido inot iinhibit icrosslinking. iTransitional imetal iions isuch ias iCo2+,
 iCu2+, iMn2+, iFe2+, 

iNi2+
 iand iAg+

 ipromote ioxidative idegradation ito isuch ian iextent ithat ithe ichain iscission ibecome ithe 

ipredominant ireaction iduring ithe istorage. i 

Mukhopadhyay iand iSharma, i(1991) idescribe imanganese ias ian iessential itrace ielement ifor ihigher 

iplant isystems iand iare iabsorbed imainly ias idivalent iMn2+, iwhich icompetes ieffectively iwith iMg2+
 

iand istrongly ireduces iits irate iof iuptake. iThe ibuildup iof iMn iparticularly itakes iplace iin iperipheral 

icells iof ithe ileaf ipetiole iand ispongy iand ipalisade iparenchyma icells. iMn iis iinvolved iin 

iphotosynthesis iand iactivation iof idifferent ienzyme isystems. iMn ideficiency imay ibe iexpressed ias 

iinhibition iof icell ielongation iand iyield idecrease. iHowever, iMn itoxicity iis ione iof ithe iimportant 

igrowth ilimiting ifactors iin iacid isoils. iToxic ieffects iof iMn ion iplant igrowth ihave ibeen icredited ito 

iseveral iphysiological iand ibiochemical ipathways. iMn iinhibits ithe iuptake, itransport iand iuse iof 
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iseveral iessential ielements iincluding iCa, iFe, iCu, iAl, iSi, iMg, iK, iP iand iN. iExcess iof iMn idecrease 

ithe iabsorption iof icertain ielements iand iincreases ithat iof iothers. ipH iplays ia ivital irole iin iMn iuptake. 

iAcidic ipH icauses ia iloss iof iconsiderable iamount iof initrate ias ia isubstitute ielectron iacceptor iand 

ileads ito ia ihigh iamount iof iMn iin ileaves. iThe ismall iquantitative irequirement iof itrace ielements isuch 

ias iCu, iMn, iFe, iZn ifor iplant ilife ineed inot idiminish ifrom ian iassessment iof itheir iimportance iin ithe 

iphysiology iof ihigher iplants. iTheir iimportance icannot ibe iunderestimated. iIn ithat isense ithe ifraction 

iof ia imilligram iof, ifor iexample, icopper iis ijust ias iindispensable ias iseveral ihundred imilligrams iof ia 

i"major" ielement ilike ipotassium i(Arnon iand iStout, i1939). 

Proteins iand iamino iacids iare ithe imain isources iof ithe initrogen ifound iin ithe idry irubber. iAccording 

ito i(Coupé, i1978), ithere iis ian iassociation ibetween ithe iincrease iin iprotein ibiosynthesis iand iincrease 

iin ithe irubber iproductivity. iHowever, iLarcher i(1995) ireports ithat ibefore ithe ishedding iof ithe 

ileaves, ithere iis ithe iconfiscation iof isome imineral inutrients, iincluding iN, iwhich iis ieasily 

itranslocated. iAs ithe iprocess iof ifoliation, iflowering iand ifructification ibegins, ithe iN iabsorbed iby 

ithe ileaves iis icontinuously iused iand ithe ivalues iof ithe iN% idecrease, ireaching ithe ileast iwith ithe 

iflowering iprocess iand imaximum ileaf iarea. iThe ielements iN, iP, iK, iNa, iCl, iand iS iare itransportable, 

iwhile iZn, iCu, iMn, iFe, iand iMg iare ipartially imovable i(Malavolta iet ial., i1989). iWhen ithe iabsorbed 

inutrients iare iused iagain, iash i% itends ito idecrease, iresulting ifromincreasing iprecipitations(Moreno 

iet ial., i2005). i 

According ito iGeorge iet ial., i(2014), iresults iobtained ifor ithe inon-metallic iconstituents iof iHevea 

ibrasiliensis ilatex irecorded ilow ivalues iof inon-metallic iconstituents iranging ifrom i0.1 i– i2.0 img/l, 

iwhich iis iin iagreement iwith ithose iof ia icouple iof iauthors icontain i(Devan iet ial., i2000; iTanaka iand 

iSakdapipanich, i2001). iIt iis iexplained ithat ithe ilow inon-metallic iconstituent iin ithe ilatex imay ibe 
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iattributed ito ithe iinability iof ithe ilatex ito iabsorb ihigher idoses iof ithe iconstituents idue ito iits isticky 

iand igummy inature ithough iit iexists iin iliquid iform. 

 

2.18 iEnvironmental iStresses 

Metabolite ibiosynthesis iare iaffected iby ienvironmental istresses isuch ithat ibio-synthates imay ieither 

iincrease ior idecrease. iA imultitude iof ienvironmental ifactors iwork iin isynergy iin ithe iregulation iof 

imetabolite ibiosynthesis iin iplants. iThe ineed ifor ithis icontrol iof isynthesis iis ito iensure ithat iplants iare 

iable ito iregulate ithe iproduction iof imetabolites iaccording ito ialtering ifactors iso ithey ican isurvive. 

iLight iis iclearly ia ikey iaspect iin ithe iproduction iof imany icompounds. iIt isupplies ithe ienergy ineeded 

ito ifix icarbon. iLight iintensity iis ikey iin ithe ibiological isynthesis iof imedicinally isignificant 

imetabolites. iAn ioutstanding iexample iis ithe itree iof ijoy i(Camptotheca iaccuminata), iwhere ithere iis 

isignificant iincrease iin ithe iquantity iof ithe ianti-prostate icancer idrug, icamptothecin i(an ialkaloid 

imetabolite), ias ithe iamount iof ilight ireaching ithe itops iof ithe iplants ireduces. i 

Temperature iisa isignificant ifactor ithat icontrols iplant imetabolism. iAt idecreased itemperatures 

iaround i0°C, imost ienzymes iare isedentary ibut ias ithe itemperature irises, ithe irate iof ienzymatic 

iactivity iincreases iup ito iabout i40°C, ibeyond iwhich imost iplant ienzymes ibecome iinactivated iand 

icould ieven ibe idamaged ipermanently. iMany ienzymes iare iall ithe itime ipresent iin iplant icells iat ia 

icertain ilevel, ibut ispecific itemperatures ican iactivate ia idramatic ichange iin ithese ilevels. 

Carbon idioxide igas iis ithe iessential icarbon isource ifor iall iplant imetabolites. iIts ilevels ican idiffer 

idepending ion ithe ienvironment, iand iconsequently icauses ichanges iin ibiosynthetic ioutput. iFor 

iexample, ihigher icarbon idioxide ilevels iin ithe iEarth’s iatmosphere, itogether iwith ihigh itemperatures 

iowing ito ielevated ilevels iof i“greenhouse igases”, iare icurrently ileading ito iincreases iin itotal 

iphotosynthate iproduced iin itemperate izone iplants. iThis iis iparticularly itrue ifor iphotosynthetic 
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iplants iwhich iare iC-4, iand iare iadapted ito ihigher itemperature iconditions iand ihave ino i ior ilittle iloss 

iof icarbon ithrough iphotorespiration i(Kaufman iet ial., i1999). i 

Moreno iet ial. i(2005), ireported ithat ithere iwas ian iaffinity iof iincreasing iash i% iprompted iby 

ivariations iof iclimate, iclonal iand iphenological i(senescence). iIn ithat iduration, ilow iprecipitation 

iresulted iin ismaller iquantity iof iwater iaccessible iin ithe isoil, iwhich imay ihave isteered ito iminor 

idilution iof ithe ilatex iwhich, iin irelationship iwith isenescence, icaused ithe ipercentage iof iash iincrease. 

 

2.19 iBio-adhesives 

Professor iJoseph iR. iRobinson iin ithe iearly i1980’s, iat ithe iUniversity iof iWisconsin iinitiated ithe 

itheory iof ibio-adhesion ias ia inovel iapproach ito iextend ithe iresidence itime iof ivarious idrugs ion ithe 

ioptical isurface i(Bernkop, i2005). iToday, ithere iare iseveral ireports iby iresearch igroups ion iquite ia ilot 

iof igastrointestinal imucoadhesive idosage iforms, ifor iexample imicrospheres, idiscs, iand itablets ithat 

ihave ibeen iprepared i(Ahuja iet ial., i1997). i 

According ito iCastellanos iet ial., i(1993), iadhesion iis ithe ibond iproduced iby icontact ibetween ia 

ipressure-sensitive iadhesive iand ia isurface. iThe iAmerican iSociety iof iTesting iand iMaterials ihas 

idefined iit ias ithe istate iin iwhich itwo isurfaces iare ibonded itogether iby iinterfacial iforces iwhich imay 

icomprise iof ivalence iforces, iinterlocking iaction, ior iboth i(American iSociety iof iTesting iand 

iMaterials, i1984). iA ibio-adhesive iis idescribed ias ia imaterial ithat ihas ithe iability ito iinteract iwith 

ibiological imaterials iand ibeing ibonded ion ithem ior iholding ithem itogether ifor iprolonged iperiods iof 

itime. iAccording ito iCastellanos iet ial., i(1993), iwithin ia ibiological isystem, ifour iforms iof ibio-

adhesion ican ibe iidentified. iThese iare ithe ibond iof ia inormal icell ion ianother inormal icell,bond iof ia 

icell iwith ia iforeign isubstance, ibond iof ia inormal icell ito ia ipathological icell iand ibond iof ian iadhesive 
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ito ia ibiological isubstrate. iAhuja iet ial., i(1997) ialso iclassified ibio-adhesives iare iinto ithree icentered 

ion iphenomenological iobservation, iinstead iof ion ithe imechanisms iof ibio-adhesion. i 

Type iI ireferred ito iadhesion ioccurring ibetween ibiological iobjects iwithout iinvolvement iof iartificial 

imaterials ifor iexample iCell ifusion iand icell iaggregation. iType iII irepresented icell iadhesion ionto 

iculture idishes ior iunion ito ia ivariety iof isubstances isuch ias imetals, iwoods, iand iother isynthetic 

imaterials. iType iIII ireferred ito isticking itogether iof iartificial isubstances ito ibiological isubstrates 

isuch ias ibond iof ipolymers ito iskin ior iother isoft itissues. 

Describing ithe iessential ifactors iaffecting imuco-adhesion, iZate iet ial., i(2010) ireported ibased ion 

icategories ibased ion ipolymer iassociated ifactors isuch ias imolecular iweight isuch ithat ifor ilow 

imolecular iweight ipolymers ipermeation iis imore ithan ipolymers iwith ihigh imolecular iweight 

ibecause ientanglements iare iideal iin ihigh imolecular iweight ipolymers. iAlso, ibased ion 

ienvironmental i– irelated ifactors iincluding ipH iwhich iaffects ithe icharge ion ithe isurface iof iboth 

ipolymers iand imucus. 

A ireport iby iRoy iand iPrabhakar i(2010) iidentified icertain ipolymers ias ishowing ithe ibest iadhesion 

iproperties. iThese iinclude iguar igum, ikarya igum, isodiumcarboxymethylcellulose, 

ihydroxyethylcellulose, imethylcellulose, isodium ialginate, ipolyethylene iglycol i(PEG), itragacanth 

iand iretene. iAmong ithese, iguar igum, ikarya igum iand itragacanth iare iplant ibased. iFrom ian iin-vitro 

idrug irelease ikinetic istudy iby iKumar iand iVerma i(2010), ia iconclusion iwas idrawn ithat ithe iuse iof 

inatural ipolymer ifor ithe ipreparation iof ibio-adhesive ipreparations iwill isurely ibe ihelpful iin ifuture 

isince ithe itopical igel iprepared ifrom ithe inatural ipolymer i(Aegel imarmelos i- iplant iBale) ireleased ithe 

idrug ifrom igel iby ifollowing izero-order irelease ikinetic imodel. iMeaning inatural ipolymer iperforms ia 

isignificant irole ito icontrolling ithe idischarge iof idrug ifrom itopical igel. 
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To ibe isuitable ito ibe iused iin ia idrug idelivery isystem, ian iideal imuco-adhesive ipolymer ishould ihave 

ithe ifollowing icharacteristics. iThe ipolymer iand iits idegradation iproducts ishould ibe inontoxic iand 

ishould inot ibe iabsorbable ifrom ithe igastrointestinal itract. iIt ishould inot ibe iirritating ito ithe imucous 

imembrane. iAlso, iit ishould irather iform ia istrong inon-covalent ibond iwith ithe imucin-epithelial icell 

isurfaces. iIt ishould istick iquickly ito isoft itissue iand ishould iown isome isite ispecificity. iThe ipolymer 

ishould iallow isome ieasy iintegration iof ithe idrug iand ioffer ino iinterference ito iits irelease. iThe 

ipolymer imust inot iputrefy ion istorage ior iduring ishelf ilife iof ithe idosage iform. iThe ipolymer ishould 

inot ibe iexpensive, iso ithat ithe iprepared idosage iform iremains icompetitive. iAnd ilastly, ithe ipolymer 

ishould inot ibe ian iobstruction iin idrug ianalysis i(Duchene iet ial, i1988; iKhar iet ial., i1997). 

 

 

 

 

 

 

 

CHAPTER iTHREE 

3.0 iMATERIALS iAND iMETHODS 

3.1 iStudy iArea 

The isampling iwas icarried iout iin itwo idifferent iexperimental isites iin iGhana ifrom iOctober ito 

iDecember. iThe ifirst, iCheyohi, iKumbungu iDistrict iin ithe iNorthern iregion ilocated ion ilatitude i90
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i25’45” iN iand ilongitude i00
 i58’42” iW. iThis iexperimental iarea ifound iwithin ithe iGuinea iSavannah 

iAgro-ecological izone iwith itwo iseparate iseasons iper iyear: ia irainy iseason iusually ilasting ifrom ithe 

imonth iof iJune ito iNovember iand ia idry iseason ifor ithe irest iof ithe iyear. iRainfall iand itemperature iare 

iextremely isubject ito ichange. iParticularly, irainfall idistribution iis inormally iirregular, isporadic, iand 

itorrential. iAnnually, ithe iaverage irainfall ifalls iwithin ithe irange ibetween i900 imm iand i1000 imm. 

iThe irainy iseason igenerally icommences ifrom iApril iand imay ireach ia imaximum iin 

iAugust/September. iRainfall ideclines iby ithe iend iof iOctober, ithen iafter, ithe ilong idry iseason, iwhich 

isets iin iby ilate iMarch/April, iand iin irecent itimes isome icommunities ireceived itheir ifirst irains ionly 

iin iJune i(Kusakari iet ial., i2014). iThe ihighest itemperatures iare inormally irecorded iin iMarch iand ican 

irise ias ihigh ias i45 i°C iduring ithe iday. iThe isecond iis iAbura, ilocated ion ilatitude i4054’0’’ iN iand 

ilongitude i003’0’’ iW iWestern iRegion. iThe irelief iof ithe iWestern iregion ifalls iin ithe iphysiographic 

itype iclassified iby i(Dickson iand iBenneh, i2001) ias ithe iforest idissected iplateau. iMuch iof ithe iregion 

iis ia iplain ibetween iabout i240 iand i300 imetres iabove isea ilevel iwith iisolated ihills. iIn ithe iNorth-West 

i(covering iabout ifive idistricts) ithe itopography iis irugged iand ihilly. iThe iregion iis ithe iwettest ipart iof 

iGhana. iThe irainfall imap iof ithe iregion, iindicates iplainly ithat irainfall idecreases inorthwards iand 

ieastwards ifrom ithe iextreme isouth-west iwhich iis ithe iwettest ipart iof ithe iregion iand ithe icountry. 

iRainfall idistribution iin ithe iregion iis itypified iby itwo iseasons; iwith ithe imain ione ireaching iits 

imaximum iin iMay/June iand ithe iminor ione iin iOctober. iAside ithese, iBoateng i(1960) ihas ireported 

ithat ithere iis ivirtually ino imonth ideprived iof irain. iThe iregion ifalls iwithin itwo imain iclimatic itypes: 

ithe isouth-western iequatorial iand ithe iwet isemi-equatorial i(Dickson iand iBenneh, i2001). iThe isouth-

western iequatorial iclimatic itype iand ithe ievergreen iforest iroughly icoincides iand ithe iwet isemi-

equatorial iclimatic itype iwith ithe isemi-deciduous iforest ishown ion ithe ivegetation imap iof iGhana. 
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The isouth-western iequatorial iclimate iis idescribed ias ithe iwettest iin ithe icountry iwith irainfall 

ipatterns ias idescribed iabove. iThe imaximum itemperatures iwhich imostly ioccur iin iMarch/April iare 

iapproximately i30 i
0C iwhereas ithe ilowest iof itemperatures iare iaround i260C iand ioccur iin ithe imonth 

iof iAugust. iRelative ihumidity iranges ibetween i70-80 i% iannually. iOn ithe iaverage, ithe iwet isemi-

equatorial iclimate ihas ia iyearly irainfall idistribution ibetween i1250 iand i2000 imm iwith isharp idry 

iseasons. iThe ivegetation itypes inamely, ievergreen ior irain iforest, isemi-deciduous iforest, iGuinea 

isavannah iand icoastal isavannah iare ifound iin ithe iregion i(Ghana iStatistical iService, i2013). 

 

3.2 iSampling 

In ia iRandomised iIncomplete iBlock iDesign, itwo ilocations i(natural idiscrete idivisions i– iblocks), ia 

ishea itree iparkland iand ia icommercial iHevea iplantation iwere iidentified iwithin ithe itwo 

iexperimental isites. iWithin ieach iof ithe ilocations i(block), i50 imatured itrees iwere irandomly 

isampled. iThose iwith ia istem idiameter iequal ior igreater ithan i0.20 im iwere itagged iand ithe i50 

iramdomly iselected. iWithin itrees isampled iin ithe iHevea iplantation iblock, ino iprovision iwas imade 

ifor iunstimulated itrees isince iit iis ifor icommercial ipurposes. 

 

3.2.1 iFirst iPhase 

The itrees isampled iin ithe iHevea iplantation iwere itreated iwith ian iethylene igenerating istimulant iby 

ispreading ithe istimulant ijust i1 icm istripe ion ithe ibark iover ithe itapping icut iand itapped iafter ithree 

idays. iHowever, ithose iin ithe ishea iparkland iwere inot itreated iwith ian iethylene igenerating istimulant. 

iTapping iwas idone iduring iearly imorning ihours iover ia iperiod iof ione imonth i(rainy iseason i– iwithin 

iOctober iand iNovember). iTapping icuts iwere imade iin ithe ibark iof ithe itree ifor ilatex ito iooze iout iand 

iwas ireplicated ithree itimes. 
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3.2.2 iSecond iPhase 

The isame itrees isampled-tapped ifor ishea ilatex iin ithe ifirst iphase iwere itreated iwith ithe iethylene 

igenerating istimulant i(Hevetex) iused ito itreat ithe itrees iin ithe iHevea iplantation iby ispreading ithe 

istimulant ijust i1 icm istripe ion ithe ibark iover ithe itapping icut i(in ithe ifirst iphase) iand itapped iafter 

ithree idays iover ia iperiod iof ione imonth i(rainy iseason ideclining i– iwithin iNovember iand iDecember) 

iin ithree ireplications. 

Samples iobtained ifrom ithe iexperimental ilocations iwere ipooled itogether iaccording ito ithe iShea 

ilatex iStimulated i(SHS), iShea ilatex iNon-stimulated i(SH) iand iHevea ilatex i(HV). 

 

3.3 iLatex iFlow iRate iQuantification 

The iflow irate iof ilatex iat itapping iwas imeasured iby ia igraduated ibeaker iand ia istop iclock iand iwas 

iexpressed ias ithe icapacity iof ifluid istored iin ia igiven itime. 

𝑄 =
𝐶

𝑡
 i, 

 

Where, 

Q iis iflow irate, 

C, iis ithe icapacity iof ifluid istored, 

t, iis ithe itime itaken ito iflow. 
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3.4 iAnalysis iof iSamples 

The isamples icollected iwere iprepared iprior ito idetermination iof iproximate icomposition, imineral 

icomposition, inon- imetallic iconstituents, iand iphytochemical iconstituents. 

 

3.4.1 iMoisture iContent 

Moisture idetermination iwas idone iusing istandard iprocedures. iEmpty iporcelain icrucibles iwere 

ilabeled iand iweighed. iUsing ia ihigh iprecision ielectronic iscale iof ileast icount i0.0001 ig, i3 i– i3.5 ig iof 

ishea ilatex isamples iwere imeasured iinto icrucibles iand iplaced iin ian ielectric ioven iset iat ia 

itemperature iof i105 i
0C ifor ia iperiod ilasting i4 ihours ito iattain iconstant iweights. iThe ioven i– idried 

iweights iof ishea ilatex isamples iwere itaken iand imoisture icontents icomputed iusing ithe iformula ias 

ifollows: 

% iDry imatter i=
𝑒

𝑑
× 100, 

% imoisture i= i100 i% i- i% iof idry imatter 

where, 

weight iof icrucible iis ia 

weight iof icrucible i+ isample iis ib 

weight iof icrucible i+ idry isample iis ic 

weight iof ithe isample, id i= ib i– ic 

weight iof ithe idry isample, ie i= ic i– ia i 

www.udsspace.uds.edu.gh 

 

 

 

 



68 
 

A i5 i– i5.5 ig iof ipooled iand ihomogenized isame iunit isamples iwere ianalyzed ito icheck ireliability iand 

iaccuracy iof iresults ion ia idigital ielectronic imoisture ianalyzer i(Sartorius, iMA i45). 

 

3.4.2 iCrude iProtein 

Protein icontent iof ithe ilatex isamples iwere idetermined ibased ion ithe iKjeldahl imethod. iOne i(1) igram 

iof idried ilatex ifrom ieach ilatex isample iwas iweighed ion ia ipiece iof ifilter ipaper iand iplaced iin 

idigestion itube iand i15 iml iof iconcentrated iH2SO4 iplus itwo itablets iof iKjeldahl icatalyst iadded. iThe 

itubes iwere iplaced ion iKjeldahl idigestion iblocks i(J. iP. iSelecta, iBloc iDigest i6) iand idigested iat i420 

i
0C ifor itwo ihours iin ifour icycled iprogramme ilasting i30 iminutes iper icycle. iDistillation iwas icarried 

iout iafter ithe idigested isamples iwere ileft ito icool idown isufficiently iin ia irack iand i50 iml iof ideionized 

iwater iadded ito idilute ithe icontent. iThe idilution iwas ia iprecautionary imeasure itaken ito iminimize 

irisk iof iexplosive ireaction iwhen ithe idigest i(conc. iH2SO4 iand isample) iwas iadded ito ian iequally 

iconcentrated ibase i(35 i% iNaOH) iduring idistillation. iDistillation iproceeded ion ian iautomated 

idistillation iunit ifor inine iminutes. iDistillate ifrom ithe isamples iwere icollected iand ititrated iagainst 

i0.1N iHydrochloric iacid. iA iparalleled iblank idetermination iwas idone ito iprovide ia icorrectional 

ifactor ifor iany iextraneous initrogen ifrom ireagents iand iother isources ithat imight iadd iup ito ithe 

initrogen icontent iof ithe isamples. iIn iaddition, ia icontrol isample i(ammonium isulphate) iwas iused ito 

icheck ifor ithe idistillation isystem iefficiency iat i98 i% irecovery irate. iThe ititre ivalues iof isamples ias 

iwell ias iblank iwere irecorded iand i% initrogen iand i% iprotein iwas icalculated ias ifollows; 

% i𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛 =
(𝑇 − 𝐵) × 𝑁 × 1.4007

𝑊𝑒𝑖𝑔ℎ𝑡 i𝑜𝑓  i𝑠𝑎𝑚𝑝𝑙𝑒 i(𝑔)
 i × 100 

Where, 

T iis ititre ivalue 
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B iis iblank ititre ivalue 

N iis inormality iof iHydrochloric iacid i(0.1 iN) 

 

3.4.3 iCrude iFat 

Fat ianalysis iwas idone iusing ithe iSoxhlet iExtractor. iThe isolvent iused iwas ipetroleum iether, ia 

ifavourable isubstitute ifor idiethyl iether ifor iits ienvironmental ifriendliness. iThree igrams iof isamples 

iwere imeasured iinto iempty ithimbles, ione ieach iper isample ion ia ihighly isensitive ielectronic iscale 

i(Sartorius, iCP i224S) iwith ileast icount iof i0.0001 ig. iEmpty ialuminum iextraction icups iwere 

isimilarly iweighed i(W1) iand ithe iweights irecorded, ithen i50 iml iof ipetroleum iether iwas imeasured 

iinto ieach iof ithe iextraction icups iin ia ifume icupboard, ito iminimize ihazards iof iinhalation. 

iSubsequently, ithimbles iand iweighed isamples iwere isecured iin icartridges iand icarefully imounted 

ion ithe icondensers iof ithe iSoxhlet iapparatus, iusing ithe ithimble iholder. iThen, ithe iextraction 

icontainers iwere ialso iplaced ion ithe ihot iheating imantle icomponent iof ithe isystem iand ia ilock ilever 

icarefully ilowered iand iclamped. iThe isamples iwere ithen isubjected ito ireflux iprocess iin ia itotal itime 

iof i105 iminutes ithrough iprocess istages isuch ias i35 iminutes i[boiling]; i45 iminutes i[rinsing]; i15 

iminutes i[ether irecovery] iand i10 iminutes i[drying]. iAfter ithe iextraction iregime, isamples iwere ileft 

ito icool idown ifor i30 iminutes iin ithe iservice iunit, iafter iwhich ithe icups iwith itheir iextracted icontents 

iwere ifinally iweighed i(W2). 

Percentage i(%) icrude ifat iwas icalculated iusing ithe iformula: 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 i(%)𝐶. i𝑓𝑎𝑡 =
𝑊𝑒𝑖𝑔ℎ𝑡 i𝑜𝑓  i𝑒𝑥𝑡𝑟𝑎𝑐𝑡 i[𝑊2 − 𝑊1]

𝑊𝑒𝑖𝑔ℎ𝑡 i𝑜𝑓  i𝑠𝑎𝑚𝑝𝑙𝑒
 i × 100 

Weight iof iextraction i(fat) i= iW2 i– iW1, iwhere 
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W1 i– iWeight iof iempty iextraction icup 

W2 i– iWeight iof iextraction icup i+ iextract 

 

3.4.4 iAsh iContent iDetermined 

Ash icontent ianalysis iof ilatex isamples iwas idetermined iin iaccordance iwith ithe iprocedure ias 

ifollows. iAsh icontent ianalysis igives ian iestimation iof ithe itotal imineral icomposition iof isamples iand 

idetermination iwas ibased ion ithe igravimetric iprinciple. iAs ia istandard ipractice, icrucibles iwere ipre-

ignited iand isamples ithoroughly idried iat i550 i
0C iand i1050C irespectively. iWeights iof ilatex isamples 

iin ithe irange iof i3 i-3.5 ig, iwere ivariously imeasured iand itransferred iinto ipre-weighed icrucibles iand 

iignited iagain iin ithe imuffle ifurnace iat i550 i
0C ifor i8 ihours, iand ithe iobtained iash, iwhich iwas iwithout 

itraces iof icarbon ithat iwould inormally imanifest ias iblack ispot iin isamples iindicated isuccessful 

iashing iprocess. iFurnace iwas iswitched ioff iand icooled ito ibelow i200 i
0C ibefore icrucibles iwere 

iremoved iinto idesiccators ito icool ifurther. iThe icrucible iwith itheir iash icontents iwere iweighed iand 

ithe ipercentage i(%) itotal iash, icalculated ias; 

% i𝐴𝑠ℎ =  i

(𝑊𝑒𝑖𝑔ℎ𝑡 i𝑜𝑓  i𝑐𝑟𝑢𝑐𝑖𝑏𝑙𝑒 + 𝑎𝑠ℎ) − (𝑊𝑒𝑖𝑔ℎ𝑡 i𝑜𝑓  i𝑒𝑚𝑝𝑡𝑦 i𝑐𝑟𝑢𝑐𝑖𝑏𝑙𝑒)

𝑆𝑎𝑚𝑝𝑙𝑒 i𝑤𝑒𝑖𝑔ℎ𝑡 i(𝑠𝑤𝑡)
 i × 100 

3.4.5Analysis iof iCrude iFiber 

As ia igeneral iprinciple, ithoroughly idried idefatted ilatex isamples iwere itreated iby iacid iand ialkaline 

ihydrolysis iusing idilute iacids iand ialkaline isolutions irespectively, iwith iwater itreatment iin ibetween. 

iThe iresidue icollected iafter ithe ihydrolytic iprocess iwas itreated ito ian iacetone ibath, iand 

isubsequently idried iand iashed. iWeight iof ilatex ibefore iand iafter iashing iwere irecorded iand iused ito 

icalculate ithe ivalue iof icrude ifiber. 
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A i1 img i(0.001 ig) iof ieach isample iwas iweighed i(W0) iinto iporous iglass icrucibles iand imounted ionto 

ia i6-unit ifibertec iequipment i(Dosi ifiber i6 iunits i400623) iin ilow iposition. iAcid ihydrolysis iwas 

istarted iafter i100 iml iof ipre-heated iH2SO4 isolution iand i5 idrops iof ifoam-suppressant iwere iadded ito 

ieach icolumn iof ithe iunit. iThe icooling icircuit iwas iengaged ito iensure ithe icondenser iis ikept icool; 

iheating ielement iwas iswitched ion ito ithe i90 i% ipower imark ito istart iwith. iPower iwas ireduced ito i30 

i%, iimmediately iboiling istarted iand itimed ifor i30 iminutes. iAfter ithe itime ihad ielapsed ieach icolumn 

ivalves iwere iopened ito idrain ioff ithe iacid ifollowed iby ia icopious irinse iwith ideionized iwater ito 

iensure isamples iwere ino ilonger iacidic. iThe isame iprocess iwas ifollowed ifor ithe ialkali ihydrolysis 

iusing iKOH ito isubstitute iH2SO4. iThe isamples iwere itreated ito ian iacetone ibath iin ia iwashing isink 

iwithin ia ifume ihood, iand i30 iml iof iacetone iwas ipoured iover ieach isample. iThe isamples, ifollowing 

ithe iacetone ibath iwere itransferred ito idry iin ithe ioven iat i150 i
0C, ifor i2 ihours, icooled iin ia idesiccator 

iunit iand iweighed i(W1). iSamples iwere itransferred ito ia imuffled ifurnace iset iat i550 i
0C, ifor 

iincineration ifor i4 ihours iand iagain ileft ito icool iin ithe imuffle ifurnace iand idesiccator irespectively 

iand iweighed i(W2). i 

Computations iwere idone iby iusing ithe iformula: 

% i𝐶𝑟𝑢𝑑𝑒 i𝑓𝑖𝑏𝑟𝑒 =  i

𝑊1 − 𝑊2

𝑊0
 i × 100 

Where; i 

W0 iis iinitial iweight 

W1 iis iweight ibefore iashing 

W2 iis iweight iafter iashing 
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3.4.6 iAnalysis iof iCarbohydrates 

Carbohydrates icomputation iwas iby idifference iafter ianalysis iof iall ithe iother iproximate iparameters 

ias; 

Carbohydrates i= i100 i– i(% imoisture i+ i% icrude iprotein i+ i% icrude ifat i+ i% icrude ifiber i+ i% iash) 

 

3.5 iDetermination iof iInorganic iMetallic iIon iConstituents 

The iAAS imethod iwas iused ifor ithe idetermination iof iinorganic imetallic iions. i1 ig iof ieach isample 

iwas iweighed iinto ia icrucible iand iignited iin ia imuffle ifurnace iat i300 i
0C ifor i24 ihours. iIt iwas iallowed 

ito icool, iand i20 iml i4 iM initric iacid iand i60 i% iof iper-chloric iacid isolution iwas iadded. iThe imixture 

iwas iheated ito idigest ithe iashed isamples iinto isolutions. iThe idigested isample isolution iwas idiluted ito 

i100 iml ivolume iwith idistilled iwater. iThis iwas iused ifor ithe ianalysis iof ivarious imetals i(Mn, iZn, iCu, 

iPb) iin ithe iAtomic iAbsorption ispectrophotometer iat itheir irespective iwavelength. 

 

3.6 iDetermination iof iInorganic iNon-Metallic iIon iConstituents 

Inorganic iNon- iMetallic iion iconstituents iof ithe ilatex isamples iwere idetermined ifollowing ithe 

istandard imethod iof iAOAC i(2000). iThe ilatex isamples iwere ianalyzed ifor initrate, isulphate, 

iphosphate, initrite, ichloride iand iNH3N. i 

3.7 iPhytochemical iScreening 

3.7.1 iAlkaloid iTest 

About i10 img iof ithe iextracts iwas iboiled iwith iAmmoniacal ialcohol iwhich iwas iprepared iby iadding 

i3ml iof istrong iammonia iand i27ml iof i95% iethanol. iIt iwas ifiltered iand ithe ifiltrate ibrought ito 

ievaporated ito idryness ion ithe iwater ibath. iThe iresidue iwas iextracted iwith i1% iH2SO4. iThis iwas ialso 

ifiltered iand ithe ifiltrate imade idistinctly ialkaline iby iadding idilute iNH3 isolution iand ishaken iwith 
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ichloroform iin ia iseparating ifunnel. iThe ichloroformic ilayer iwas ievaporated ito idryness iand ithe iresidue 

idissolved iin i1% iH2SO4. 

To iabout i1ml iof ithe i1% iH2SO4 iextract, i1 idrop iof iDragendoff’s ireagent iwas iadded iand ian iorange-red 

iprecipitate iformed iindicated ithe ipresence iof ialkaloids. 

 

3.7.2 iFlavonoids iTest 

About i10 img iof ithe iextracts iwas itaken iand ia ismall iamount iof iwater iadded. iIt iwas ithen ifiltered iand ia 

istrip iof ifilter ipaper idipped iinto ithe ifiltrate iand iair idried. iThe istrips iwere ithen iexposed ito istrong 

iAmmonia. 

 

3.7.3 iGlycosides iTest 

About i10 img iof ieach iextract iwas itaken iand iheated iover ithe iwater ibath iwith idilute iH2SO4 ifor i5 

iminutes. iIt iwas ithen ifiltered iand iabout i2-10 idrops iof i20% iNaOH iwas iadded ito imake ithe ifiltrate 

icompletely ialkaline. iFehling’s isolution iand iB iwas iadded iand iheated ion ithe iwater-bath ifor iabout i2 

iminutes. iA ibrick-red iprecipitate iformed ishowed ithe ipresence iof iglycosides. 

 

3.7.4 iTriterpenoids i(Salkowski iTest) 

About i10 img iof ithe iextracts iwas itaken iand ichloroform iadded iand ibrought ito iboil iover ithe iwater ibath 

ifor iabout i2minutes. iThis iwas ithen ifiltered iand icooled. iTo iabout i3ml iof ithe ichloroformic iextract, 

iconcentrated iH2SO4 iwas iadded idown ithe iside iof ithe itest itube iwall. iA ireddish-brown iring iformed iat 

ithe iinterface iindicated ithe ipresence iof itriterpenoids. 
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3.7.5 iPhytosterols iTest 

To iabout i1 iml iof ithe ichloroform iextracts, i1ml iAcetic iAnhydride iwas iadded iand iconcentrated iH2SO4 

iadded ialong ithe iwalls iof ithe itest itube iand ithe irings iformed iobserved. 

 

3.7.6 iSaponins 

About i10 img iof ithe iextracts iwas itaken idissolved iin iwater iand ishaken ivigorously. iThe iformation iof ia 

ipersistent ifroth ion ithe ibench ifor ia iwhile iindicated ithe ipresence iof isaponins. 

 

3.7.7 iReducing iSugars 

One iml ieach iof iextract iwas iadded ito i5 iml iof iequal ivolumes iof iFehling’s isolution iA iand iB iand iheated 

iover ia iwater ibath ifor i2 iminutes. iFormation iof ia ired iprecipitate iof icuprous ioxide iwas ian iindication iof 

ithe ipresence iof ireducing isugars. 

 

3.7.8 iAnthroquinones 

About i2 iml iof ieach iextract iwas itaken iinto i10 iml iof ibenzene iand iwas iagitated iand ithen ifiltered. 

iFollowing ithat, ia i5 iml ivolume iof i10 i% iammonia isolution iwas iadded ito ithe ifiltrate iand iagitated iagain 

ifor i5 iminutes. iAppearance iof ia ipink, ired ior iviolet icolour iin iammonia isolution iphase iwas itaken ias ia 

ipositive itest ifor ianthraquinones. 

 

3.7.9 iSoluble iStarch 

One iml iof ieach iextract iwas iboiled iwith i1 iml iof i5 i% iKOH, icooled iand iacidified iwith iH2SO4. i iA 

iyellow icolouration ishowed ithe ipresence iof isoluble istarch. 
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3.8 iStatistical iAnalysis 

One-way ianalysis iof ivariance i(ANOVA) i(GENSTAT) iwas iused ito iindicate isignificant 

idifferences iamong isamples. iSignificance itesting iwas idone iusing iFisher’s iLeast iSignificant 

iDifference i(LSD) itest; istatistical idifferences iat iP i≤ i0.05. 

 

 

 

 

 

 

 

 

CHAPTER iFOUR 

4.0 iRESULTS 

4.1 iPhysical iProperties iof iLatex 

The ithree idifferent ilatex isamples ias iobserved iand istudied iover ithe iexperimental iperiod ishowed 

ithe ifollow iphysical iproperties iillustrated iTable i4.1. 

Table i4. i1: iPhysical iproperties iexhibited iby iHevea ibrasiliensis ilatex i- iHV, iShea ilatex i(non-

stimulated) i- iSH iand iShea ilatex istimulated i– iSHS. 

Sn. Property HV SH SHS 

1 Smell Unpleasant ismell No ismell No ismell 
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2 Colour Relatively iWhiter ito 

iPale iYellow iduring 

istorage 

White i(changes ito 

ipalepinkish-red iupon 

icontact iwith iinner 

iback iduring itapping). 

iBrowning iupon 

istorage 

White i(changes ito 

ipalepinkish-red iupon 

icontact iwithinner 

iback iduring itapping) 

3 Flow 

iduration 

Relatively iLonger 

iperiod 

Relatively ishorter 

iperiod 

Relatively ishorter 

iperiod 

4 Elasticity Relatively iHigh Relatively iLow i i Relatively iLow i 

5 Stickiness Relatively iLow i Relatively iHigh i Relatively iHigh i 

6 Coagulation Relatively iLonger 

iperiod 

Relatively iShorter 

iperiod 

Relatively iShorter 

iperiod 

7 Chewiness Not ichewed i(due ito 

ismell/toxicity) 

Very iGood Good 

8 Thickness Moderate Moderate i High i 

9 Viscosity Moderate i Moderate High i 

10 Adhesiveness Low i High i High i 

11 Cohesiveness High i Moderate i Moderate i 

 

4.2 iFlow iRate i(L/min) 

The irate iof iflow iof ilatex i(Table i4.2) ifrom iall ithree isamples ivaried isignificantly i(P< i0.05). iHV 

irecorded itwice ithe iquantity ifor iSH. iThe istimulation ihad ipositive iinfluence ion ithe iflow irate iof 

iSHS. iHowever, iquantity irecorded iwas ione ipart iless icompared ito iHV. i 

Table i4. i2: iMean iflow irate ifor iHevea ibrasiliensis ilatex i- iHV, iShea ilatex i(non-stimulated) i- iSH 

iand iShea ilatex istimulated i– iSHS. 

Latex iType Mean iflow irate i(L/min) 

www.udsspace.uds.edu.gh 

 

 

 

 



77 
 

  

HV  i i i i0.004 i±0.000109  

SH 0.001±1.74E-05 

SHS 0.003±4.61E-05 

P-value 

 

l.s.d i(0.05) 

<.001 

 

0.001 

Mean iflow irate i± iS.E.M. 

 

 

4.3 iProximate iAnalysis 

From iTable i4.3, iexcept ifor iCrude iProtein, imean ivalues irecorded ifor iproximate icomposition ifor 

ithe ithree ilatex isamples iwere isignificantly idifferent. iPercentage imoisture ifor iSH iwas 

iapproximately idouble iof ithat ifor iHV, iwhiles iSHS iwas iin-between. iPercentage iash icontent 

irecorded ifor iSH iwas itwice ithat irecorded ifor iSHS, iHV irecorded ian iintermediate ivalue. iThe itrend 

iwas ithe isame ifor ipercentage ifat icontent iand ipercentage ifibre icontent iwith ieither iHV ior iSHS 

irecording ivalues iin-between. iFor ipercentage icarbohydrate, iHV irecorded ithe ihighest ivalue iwhich 

iis iapproximately idouble ifor ithat iof iSHS iand ieight itimes ithat iof iSH. iHowever, ifor iCrude iProtein, 

ithere iwas ino isignificant idifference ibetween iSHS iand iHV, iwhere ithe ivalue irecorded ifor iSHS iwas 

ithrice ithat iof iSH. 
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Table i4. i3: iPercentage i(%) iProximate iComposition iof ilatex isamples 

Latex iType % iMoisture % iAsh iContent % iFat iContent % iFibre 

iContent 

Crude iProtein % iCarbohydrate 

       

HV 35.950 i±1.008 2.809±0.020 

 

10.720±0.135 

 

3.180±0.054 

 

3.940±0.067 

 

43.400±1.000 

 

SH 66.240±0.589 

 

4.187±0.081 

 

15.920±0.469 

 

6.420±0.310 

 

2.220±0.022 

 

5.020±0.556 

 

SHS i 48.820±0.076 

 

1.650±0.071 

 

14.420±0.203 

 

4.750±0.088 

 

4.950±0.568 

 

25.400±0.401 

 

P-value 

 

l.s.d i(0.05) 

<.001 

 

2.337 

 

<.001 

0.220 

<.001 

1.056 

<.001 

0.652 

0.003 

1.144 

<.001 

2.424 

Mean iProximate iComposition i± iS.E.M 
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4.4 iMetallic iIon iComposition 

 

The iMetallic iion icomposition i(Table i4.4) ifrom ithe ithree ilatex isamples iwere isignificantly idifferent 

i(P i< i0.05). iMean ivalues irecorded ishows ino iconsistent itrend, ias ithe isamples iwere ihigh iin isome 

ielements ibut ilow iin iothers. 
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Table i4. i4: iMineral i(metallic) iion icomposition iof ilatex 

Latex iType Pb i(mg/L) Zn i(mg/L) Mn i(mg/L) Cu i(mg/L) 

     

HV 0.022±0.001 

 

0.218±0.001 

 

 0.117 i±0.001 

 

0.017±0.000 

 

SH 0.028 i±0.001 

 

0.056±0.001 

 

0.146 i± i0.001 

 

0.019±0.000 

 

SHS 0.016 i±0.000 

 

0.094±0.000 

 

0.132±0.001 

 

0.042 i±0.001 

 

P-value 

 

l.s.d i(0.05) 

<.001 

0.003 

<.001 

0.003 

<.001 

0.004 

<.001 

0.002 

Mean iMineral i(metallic) iion icomposition i± iS.E.M 
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4.5 iNon-Metallic iComposition  

Table i4.5 ishows isignificant idifferences i(P i< i0.05) ibetween ilatex isamples ion inon-metallic 

iconstituent. iExcept ifor initrite iand iNH3-N, iHV ilatex irecorded ithe ihighest imean inon-metallic iion 

ivalues. iThese ivalues iare imore ior iless idouble ifor ithose imean ivalues irecorded iin ithe iother ilatex 

isamples. iThere iwas ino isignificant idifference iin isulphate icomposition ibetween iHV iand iSHS. 

iHowever, iHV iand iSH ilatex isamples ishowed ino isignificant idifferences ibetween iboth initrite iand 

ichloride.
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Table i4. i5: iMineral i(non-metallic) iion icomposition iof ilatex 

 

Latex iTypes 

Nitrate 

(mg/L) 

Sulphate 

(mg/L) 

Phosphate 

 i i i(mg/L) 

Nitrite 

 i i(mg/L) 

Chloride 

 i i(mg/L) 

NH3-N 

(mg/L) 

       

HV 5.367±0.027 i i i i i i i 

i i i i i i i i i i i 

 

4.000± i0.000 2.477±0.003 

 

0.007± i0.000 8.610±0.000 0.101±0.000 

 

SH 3.567 i± i0.027 i i i i i 

i i i i i i i i i i i i 

 

3.033 i± i0.027 

 

0.032± i0.000 

 

0.008± i0.000 

 

8.617±0.007 

 

0.501±0.000 

 

SHS 4.400 i± i0.047 i i i i i 

i i i i i i i i i i i i i i 
 

4.100 i± i0.047 

 

0.028± i0.000 

 

0.004±0.000 

 

6.447± i0.003 

 

2.610±0.005 

 

P-value 

 

l.s.d i(0.05) 

<.001 

0.149 

<.001 

0.133 

<.001 

0.007 

<.001 

0.001 

 

<.001 

0.019 

<.001 

0.012 

Mean iMineral i(non-metallic) iion icomposition i± iS.E.M 
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4.6 iPhytochemical iAnalysis 

Table i4.6 ishows ithe iresults ifor ithe iphytochemical icompounds itested ifor ieach ilatex isample. 

iGenerally, ialkaloids, iphytosterols iand itriterpenoids iwere ipresent iin iall ithree isamples. iHowever, 

iHV iand iSHS iexpressed ihigh ilevels iof ialkaloids iand itriterpenoids irespectively. 
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Table i4. i6: iPhytochemical icomposition iof ilatex isamples 

Latex 

iTypes 

Alkaloids Anthroquinones Flavonoids Glycosides Phytosterols Reducing 

iSugars 

Saponin Soluble 

Starch 

Triterpenoids 

HV + - - - + - + - + 

SH + + - + + + - + + 

SHS + + - + + + - + + 

[+] ipositive, i[-] inegative
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CHAPTER iFIVE 

5.0 iDISCUSSION 

Results ifrom iTable i4.1 ishowing iphysical iproperties iof ilatex imay ibe iattributed ito ispecie 

idifferences iand iambient iweather iconditions ipeculiar ito ithe idifferent iexperimental isites. iAt ithe 

idifferent ispecie ilevels, ithe igrowth istage iand iage iof ithe itree imay ialso icontribute ito ithe iphysical 

iproperties iobserved. iAccording ito iGomez i(1982), ithe iproperties iexhibited iby ihevea ilatex 

iincluding ithe iproperties iof isize, ishape iof ithe ilatex iparticles iand icolour iis idependent ion ithe iage ior 

igrowth istages iof ithe iplant. iIn iaddition, icolour iis ireported ito idiffer iin idifferent iparts iof ia isingle 

iplant, iand iwas iobserved iin iHevea ibrasiliensis ithat ithe icolour imay ichange iafter ithe ilatex ihas ioozed 

ifrom ithe iplant i(Gomez, i1982). iIn iline iwith ithis iresults, isections ifrom iall iparts iof ihevea iproduced 

iwhite imilky ilatex iand iover itime, iturned ipale ito iyellowish iand icoagulated iat iroom itemperature 

i(Gomez, i1982). iAlso, iAgrawal iand iKonno i(2009) ire-counted ithat iboth ithe istickiness iand ithe 

icharacteristically iwhite icolor iof ilatex iare ioften ias ia iresult iof ithe ipresence iof irubber iparticles 

idistributed iin ithe ifluid. iThe iimplication iis ithat, ithe imore ithe irubber iparticles ipresent, ithe iwhiter 

ithe icolour iand ithe imore ielastic ithe ilatex. iThis imay iexplain iwhy ihevea ilatex iwas irelatively iwhiter 

iand ielastic iwhereas ithe ishea ilatex iwas igluey. iThis igluey inature iof ishea ilatex imakes iit ia ipotential 

icandidate ifor ia ibio-adhesive. iThe ibrowning icolour iof iHV iupon istorage imay ibe iassociated iwith 

ienzymatic ireactions ipeculiar ito ithe iunstimulated isample. iA ireport iby i iLi iet ial., i(2014), istates ithe 

ieffect iof ithe ienzyme ipolyphenol ioxidase i(PPO), iapathogen-defense ienzyme, iresponsible ifor ilatex 

ibrowning iand ialso iassociated iwith ilatex icoagulation iand iwound ihealing. iFrom ithis istudy, iit iis 

irealized ithat iSHS idid inot ishow ithe ibrown icolouration iwhich imay isuggest ithat ithe ipresence iof ithis 

isame ienzyme i(polyphenol ioxidase, iPPO) imay ihave ibeen ireduced ias ia iresult iof ithe istimulation 

iand isince iit iis ialso iinvolved iin icoagulation, iits ireduction iwill iimply ia iprolonged iflow iof ilatex 
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iwhich iwas ievident ibetween iSH iand iSHS. iThis iis iin iline iwith i iLi iet ial., i(2014), iwho ireported ithat 

iPPO idecreased iin iethephon-treated ilatex iserum ishowing ithat iit iwas idown-regulated iby iethylene 

iand ia ifurther iconclusion ithat ithe idecline iin iaccumulation iPPO iin iethephon-treated isample imay 

ihave ihindered irubber iparticle iaggregation iwhich isubsequently iprolonged ithe ilatex iflow. 

iRegarding icoagulation, iAbd iRazak i(2000) ireported ithe ievidence iof irubber iparticle icoagulation iin 

ilatex ifrom ihevea. iLutoids, iwhich iare ipresent iin ilatex iare isaid ito ibe idirectly ilinked iin ithe 

icoagulation iprocess iof ilatex iwhich ienables ithe iceasing iof ithe iflow iof ithe ilatex i(Southourn, i1968). 

iLatex imade ito istand iafter itapping imay ihave icoagulated idue ito ithe ipresence iof isome ifats iwhich iis 

iable ito isolidify iat iroom itemperature. iThis iis ibacked iby iHomans iand iVan iDalfsen i(1948), iwho 

ireported ithe icoagulation iof idifferent ifractions iof ilatex iafter icentrifugation iand iattributed iit ito ithe 

iprobability ithat iall ienzymatic ireactions iallow ifor ian ienhanced isplitting iof ilarge-molecule 

icomplexes iand ithe iformation iof ifree ifatty iacid iwhich iin ithe ipresence iof isome ications ieffect 

ispontaneous icoagulation. iThe ivarying iflow iduration imay ibe iattributed ito ithe idifferent iabilities iof 

iwater istores iexpelled iby ithe itrees iwhich iare iaffected iby ithe iambient iclimatic iconditions iincluding 

irainfall iand idrought, iage iof itree, idepth iof icut iand imode iof istimulant iapplication. iIn iline iwith ithis, 

iGunasekera iet ial., i(2013); iNjukeng iet ial., i(2011); iTraore iet ial., i(2011) ireported ithat itwo imajor 

ifactors iaffect ithe iyield iof ilatex iat ieach itapping iwhich imay ibe iattributed ito ithe iflow iduration; ithis 

iinclude iinternal ifactors isuch ias itree iage iand iexternal ifactors isuch ias i istimulation, ithe idepthand 

ilength iof itapping icut. iQuainoo iand iDugbatey i(2016) ialso ihad iresults iindicating ithat ishea ilatex 

iflow idecreases iwith iincreasing iage iof ithe itree. iAmong ithe isampled ishea itrees, istress ifrom ithe 

ienvironment iand iharvesting imay ihave iaffected ithe iflow iduration idue ito ithe itwo isuccessive 

itapping. iAccording ito iDusotoit-Coucaud iet ial., i(2010), itapping isignifies ia isevere iabiotic 

iwounding istress ifor iexploited itrees i- iunder iconsistent itapping. iIt inecessitates ilatex icells ito ifully 
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iregenerate itheir icytoplasm iafter ilatex idischarge. iFactors isuch ias iharvesting istresses iand 

ienvironmental, ias iwell ias ithe imetabolic iactivity inecessary ifor ilatex iredevelopment ibetween itwo 

itappings, iwill ifurther ilead ito ithe iproduction iof ireactive ioxygen ispecies i(ROS). iExcessive 

iproduction iand iaccumulation iof ireactive ioxygen ispecies imay ilead ito ilaticifer imalfunctions isuch 

ias iTapping iPanel iDryness i(TPD). iThe iflow iof ilatex istops ias ia iresult iof iTapping iPanel iDryness. 

Significant idifferences iobserved iin iresults ifrom iTable i4.2 ishowing iflow irate iof ilatex iconfirms ithe 

ipositive ieffects iof iethylene istimulator ion ithe iflow irate iof ilatex. iAccording ito iCoupé iand iChrestin 

i(1989), itreatment iwith iethylene igenerator i(ethephon) iboth iincreases ithe ivolume iof iexported ilatex 

iby iacting ion imembrane ipermeability ileading ito iextended ilatex iflow iand ikindles ilatex 

iregeneration ibetween itapings ithrough igeneral ireformative imetabolism. iQuantitatively, ilatex 

iproduction iis isaid ito iincrease iby ithis imethod iby i1.5- ito i2-fold iwhich iwas ievident ibetween iSH iand 

iSHS. iThis ievidence imay iprobably ibe idue ito ithe iincrease iin iwater iuptake ias ia iresult iof isucrose 

iloading iin ilaticifers. iThis ifinding imay ibe isupported iby ithe ireport ithat iexogenous iethylene 

igenerator iapplication iinduces iseveral ibiochemical ichanges iin ilaticifers, isuch ias isucrose iloading 

i(Dusotoit-Coucaud iet ial., i2010) iand iwater iuptake i(Tungngoen iet ial., i2009).Thus, iit ican ibe isaid 

ithat iethylene istimulator iincreased imembrane ipermeability iand iimproved ilatex iregeneration 

imetabolism. iThis iimplies ithat iless itime iis irequired ito iacquire ithe isame iquantity iof ilatex ifor iSHS 

icompared ito iSH. 

Proximate ianalysis iresults iin iTable i4.3 ishows ithat icrude iprotein iwhich ihas ibeen ithe icentral ifocus 

ifor idiscussion iin ishea ilatex iexploitation iincreased ibut iwas inot isignificantly idifferent ifrom iHV 

iwhen istimulated. iThis imay ibe iattributed ito iincrease iinnitrogen iproduction iand initrogen ibeing ia 

iprecursor ifor iprotein imetabolism iwill isubsequently iincrease iprotein icontent iof istimulated ilatex. iA 

istudy iby iPujade-Renaud iet ial., i(1994) iaffirms ithat ia ikey ienzyme iglutamine isynthetase iinvolved iin 

www.udsspace.uds.edu.gh 

 

 

 

 



88 
 

initrogen imetabolism ihas ibeen ifound iin ithe icytosol iof ilaticiferous icells iafter iethylene itreatment 

iparalleling ithe iincrease iof ilatex iyield. iIt iis ireported ithat ithe ienzyme’s iresponse ito iethylene imight 

ibe imediated iby iammonia ithat iincreases iin ilatex icytosol iand iquantitatively, ithe iexport i100 imL iof 

ilatex, icompletely iregenerated iwithin i3 idays iwill iparallel ia inet isynthesis iof iabout i50 ig iof idry 

irubber iand i1.2 ig iof iprotein. iIn ithis isetting, initrogen imetabolism iinvolved iin iprotein isynthesis 

itakes ia iprominent ipart. iHowever, iPrimot iet ial., i(1979), isuggests ithat ithe iprogression iof ithis 

istimulation iis iwell ilinked iwith ithe ikinetics iof ilatex iyield, ialong iwith iother iphysiological 

iparameters isuch ias ipH, imineral iions, isaccharose icontent, ietc. iwhich iare irealized iin irubber itrees 

iafter iethylene itreatment iunder isimilar iconditions. iPujade-Renaud iet ial., i(1994) ifurther iresolves 

ithat, ithe iprotein icontent iof ithe ilatex iis iefficiently icontrolled, iwith ian iequilibrium ibetween ifull 

iregeneration iof ithe iproteins iand iloss ithrough ieach itapping, ieven iunder iconditions iof iethylene-

increased ilatex iremoval. 

Percentage icarbohydrate iexpressed ia isignificant iincrease iin iSHS iover iSH. iThis imay ibe idue ito ithe 

iincrease iin isucrose iconcentration iwhich ienhances ithe iflow iof ilatex iafter istimulation iand imay 

isubsequently iend iup iin ithe ilatex iexpelled ifrom ithe itrees. iEthylene istimulation iduring ilatex 

iproduction idraws ihigh icontent iof isugar imolecules ifrom ithe isurrounding icells iof iinner ibark 

itowards ithe ilatex icells iaccording ito iDusotoit-Coucaud iet ial., i(2010). iAlthough i iD’Auzac i(1964) 

iand iChow iet ial., i(2007), ipresented idifferent ipathways, iboth ipathways ipresent isucrose ias ithe 

iunique iprecursor iof inatural irubber, iand iits ipassage iinto ilatex icells imay ibe icrucial ito ilatex 

iproduction. iStudies ihave iconfirmed ithat iethylene iincreases ilatex iproduction iby idifferent 

imechanisms, iincluding ienhancing ilatex isucrose iconcentration i(Low iand iGomez, i1982; iTupy iand 

iPrimot, i1976). iApplication iof iethylene ion irubber itree ihas ibeen ireported ito iconnect iseveral 

imetabolic iresponses iand ibiochemical iprocesses iincluding initrogen iassimilation, icarbohydrate 
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itransport iand imetabolism, iprotein isynthesis ias iwell ias isucrose iand iglucose iloading i(Coupé iand 

iChrestin, i1989; iWang iet ial., i2015). iPercentage icarbohydrate imay ihave ihad ian ieffect ion ithe 

ipercentage imoisture icontent idue ito ithe iincrease iof isolute imolecules iin ilatex ifrom iethylene itreated 

itrees. 

The ipercentage ifat icontent irecorded ifor ithe isamples imay ibe iattributed ito ienzymatic ireactions 

iwhich iare iable ito ibreak isome ilarge-complex imolecules ipresent iin ilatex ito ienhance ithe iformation 

iof ifree ifatty iacids. iIn iline iwith ithis, iHomans iand iVan iDalfsen i(1948) ireported ithat ithe iprobability 

ithat ienzymatic ireactions iallowed ifor ian ienhanced isplitting iof ilarge-molecule icomplexes iand ithe 

iformation iof ifree ifatty iacid. 

Percentage ifibre icontent irevealed ito ibe ihigher iin iSH imay ibe iattributed ito ithe imorphological iand 

ithe iphysiological inature iof ithe itree. iThis imay ihave ibeen iinfluenced iby ithe iclimatic idemands iof 

ithe iarea. iThis iresult imay ifavour ithe iuse iof iSH iin iproducing idietary ifibre isupplements ias iit imay 

icontain icertain icomplex ipolysaccharides isuch ias ilignin, ihemicellulose iand icellulose. iIn 

iagreement, iRao, i(2003), idescribes idietary ifibre inot ias ia isingle ientity ibut ia iwide-ranging icomplex 

ipolysaccharides ifor iexample, igums, icellulose, ihemicellulose, imucilage iand ilignin iwith idifferent 

iphysiochemical, ichemical iand iphysiological iproperties. iThe iproperties iinclude iits iusefulness iin 

iminimizing iblood iglucose ilevels iin idiabetes, iin iminimizing iblood icholesterol ilevels ifor itreatment 

iof icardiovascular idisease iand ialso iin iaverting ibowel icancer. 

Percentage iash icontent ishowed iresults iwhich iwere icontrary ito ithat iofMoreno iet ial., i(2005), i iwho 

ireported ithat ithere iis ia itendency iof iincreasing iash i% itriggered iby ilow iprecipitation iresulting iin 

ismaller iamount iof iaccessible iwater iin ithe isoil, iwhich imay ihave icontributed ito iinsignificant 

idilution iof ithe ilatex. iThis iis iso ibecause, iSHS iwhich iwas isampled iduring ithe iperiod iof ideclining 

irainfall irecorded ithe ileast ivalue i(Table i4.3). iThis imay iprobably ibe idue ito ithe iinteraction iof 
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iseveral ifactors iincluding imineral iions iwhich iwere ieither ipresent ior iabsent iin ilatex. iAs iMoreno iet 

ial., i(2005) ireports ithat iwhen ithe iabsorbed inutrients iare iused iagain, iash i% itends ito idecrease. 

Table i4.4 iand i4.5 ishow ithe imineral icomposition iof ithe ilatex isamples ias icategorized ias imetallic 

iand inon-metallic irespectively. iIt imay ibe isaid ithat ithe ismall iamounts iof iions irecorded iin ithe ithree 

isamples ifor ithe imetallic iions irelative ito ithe inon-metallic iions iconfirm ithat iCu, iZn, iMn iand iFe iare 

ipresent iin itraces iand ifor ithat ifact iare idescribed ias itrace ielements. iHowever, iit iis inoted ithat ithere 

iare isignificant idifferences iamong ithe isamples. iThis imay ibe idue ito ithe idifferences iin ithe itrace 

imineral isoil iconditions iin ithe itwo idifferent iexperimental isites iand ialso iabiotic ifactors isuch ias 

irainfall iand itemperature ias iwell ias ibiotic ifactors iincluding itranslocation ior imobility iof ithe 

ielements. iIt iis iexplained iin ia ireport ithat ifresh ilatex icontains imetal iions ibut iseasonal ivariation 

iwhich iaffects ithe iconstitution iis iquite iout iof icontrol iwhen ifresh ilatex iis icollected iat idifferent 

iperiods iof itime i(Archer iet ial., i1963). 

Considering iGeorge iet ial., i(2014), iresults irealized ifor ithe inon-metallic iconstituents iof iHevea 

ibrasiliensis ilatex irecorded ilow ivalues ifor inon-metallic iconstituents iranging ifrom i0.1 i– i2.0 img/l, 

iwhich iis iopposing ito ithose irecorded ifor ithe ilatex isamples i(Table i4.5). i 

Table i4.6 ishows ithat iSH iand iSHS iboth itested inegative ifor iflavonoids iand isaponins ibut ipositive 

ifor iall iphytochemicals itested. iThese iare iin iline iwith ireports iby iMahajan iand iBadgujar i(2008b), 

iwho ireported ithat iManilkara izapota i(L.) iwhich i ihas ibeen iexploited ias igum ibase i(Shah iand iMehta, 

i2014) iand ibelongs ito ithe isame ifamily ias ithe ishea i(Sapotaceae) ialso itested inegative ifor 

iFlavonoids iand isaponins. iIn iview iof ithis, iit imay ibe isaid ithat ithese ilatex isamples imay ioffer isimilar 

iif inot ithe isame iphytochemical ipotency iproperties i(medicinal ivalue) ias ireported iby iother 

iresearchers iin iother ilatex iproducing iplants iand iwhen icoupled iwith iits iphysical iproperties icould ibe 

ibeneficial ifor iindustrial iuse. 
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CHAPTER iSIX 

6.0 iCONCLUSION iAND iRECOMMENDATIONS 

6.1 iConclusion 

The iapplication iof ian iethylene igenerator i(Hevetex) ipositively iinfluenced ithe iflow irate iof ishea 

ilatex, iconfirming ithat ithe iproduct ienters ithe iplant iand imigrates ito itissues iwhere iit iprogressively 
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ienhances iethylene idecomposition iand iacts ion ithe iplant imetabolism. iConsequently, iit ialso 

iinfluenced ithe ilatex iquality ibiochemically iin iterms iof iproximate icomposition, iionic icomposition 

i(metallic iand inon-metallic) iand iphytochemical iconstitution. iMost iimportantly, ilower iprotein 

ilevels ifor iunstimulated ishea ilatex icited ito ibe ia ipossible icomparative iadvantage iover inatural 

irubber ilatex ifor ithe imanufacture iof irubber iproducts, ifor iexample igloves iand icondoms ifor ireduced 

iallergenicity iincreased iafter istimulation iof ishea ilatex iwith ithe iethylene igenerator. i 

Comparatively, iSHS iexhibited iboth iphysical iand ichemical iproperties iwhich imake iit isuitable ifor 

iconfectionery ipurposes iover inatural irubber ilatex. iThese iproperties isuch ias igood ismell, 

iappearance i(colour) iand ichewiness, ias iwell ias itesting inegative ifor iflavonoids iand isaponins ifor 

iphytochemical icomposition iwhich iare isimilar ifor ian ialready iexploited igum ibase i(Manilkara 

izapota iL.) isuggest ia icomparative iadvantage iof ishea ilatex iover inatural irubber ilatex iwhen 

iconsidered ifor igum imaking iin ithe iconfectionery iindustry. iAlso, ithe irelatively ihigh istickiness iand 

ihigh iadhesiveness iof ishea ilatex imakes iit ia ibetter ioption ifor ibio-adhesive iover inatural irubber ilatex. 

However, inatural irubber ilatex ishowed ia irelatively ilonger iflow iduration iwhich iis ian iadvantage 

iover ishea ilatex, ieven iafter istimulation. iAlso, inatural irubber ilatex iremained irelatively imore ielastic 

iand ihighly icohesive iin icomparison ito ishea ilatex isuggesting ithe ilarge ipresence iof irubber iparticles 

iwhich imakes iit imore iideal ifor irubber iproducts iover ishea ilatex, inot iconsidering ithe iprotein 

iallergenicity. i 

 

6.2 iRecommendations 

To icomplement iefforts iin ithe idrive ito iincrease ithe iknowledge ibase iof ishea ilatex, iprogressive 

iresearch iis irecommended ias ifollows; 
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1. To imake icertain ithe iflow irate iof ilatex ifor ishea, idifferent itrees ishould ibe isampled iand 

ilabelled ias istimulated iand iunstimulated, ithen itapped ifor ilatex iin ithe isame iseason 

iespecially ithe irainy iseason. 

2. Detailed iprotein ianalysis ishould ibe idone ito idetermine iwhether ior inot ithe iproteins ipresent 

iin ishea ilatex ihave ithe isame iallergic ieffect ias ithose iin iHevea. 

3. Structural ianalysis iof ishea ilatex iusing ia inuclear imagnetic iresonance iequipment iwill ibe 

ineedful ito iconfirm ithe iamount iof irubber iparticles ipresent. 

4. A istudy icorrelating ithe itapping iof ilatex iand ifruiting iof ishea itress ishould ibe iconducted ito 

iconfirm ior irefute ithe inegative iperception iheld iabout itapping ilatex ifrom ishea itrees ion ishea 

inut iyield. 

5. The imode iof iapplication iof ithe istimulant ias iwell ias ithe iconcentration ishould ibe istudied ito 

ireveal iappropriate imode iof iapplication iand iconcentration. 
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APPENDIX 

APPENDIX i1: iPictures iof ifield ilatex itapping iand ilaboratory ianalysis 

 

Plate i1: iA. iHevea ibrasiliensis itree itapped iB. iVitelleria iparadoxa itree itapped 
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Plate i2: iA. iVitelleria iparadoxa ilatex iB. iHevea ibrasiliensis ilatex 

 

Plate i3: iPackaged ilatex ito ibe itransported 

www.udsspace.uds.edu.gh 

 

 

 

 



124 
 

 

Plate i4: iAshed ilatex isample 
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Plate i5: iStudent iperforming ilaboratory ianalysis 
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Plate i6: iEquipment iused iduring iresearch 
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