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Abstract
Propolisisacomplexresinoussubstancecollectedbybeesfrom plantsandusedas
aconstructionmaterialandprotectivesubstanceinthehive.Itconsistsofvolatile
andnon-volatileconstituents;thelatterisknowntoattributetothevariousbiological
activities of propolis. The volatile chemistry of Indian propolis has
not been studied extensively which prompted the presentinvestigation on the
volatile compounds of propolis samples obtained from five different
phytogeographicalregionsofIndiabyGCMSanalysis.Thefindingsofthestudy
indicatedthepresenceof40bioactivecompoundsinthepropolissampleswith
variousbiologicalactivities.Amongthevariouschemicalcompoundsidentifiedin
thepropolisextracts,twonovelcompoundsnamelydeoxy-podocarpolandp-1-
indanylphenolwerereportedforthefirsttime.Theseresultssuggestedthatthe
propolissamplesarerichinbioactivecompoundswithmanybiologicalactivities.It
wasconcludedfrom thestudythatthenovelcompoundsidentifiedinIndianpropolis
havethepotentialtobedevelopedintopharmaceuticaldrugs.
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Introduction
Thetraditionalmedicineofdifferentculturesaroundtheworldhasrecognizedthe
importanceofbeeproducts,mostnotablypropolis(Gemiartoetal.,2015).Propolis
is a resinous substance thathoneybees collectfrom buds,leaves,barks,and
exudatesofmanytreesandplants(Lottietal.,2010).Propolisisusedbythehoney
beesforvariousfunctionssuchasblockingtheentranceofintruderstothenest,
maintaining theinnertemperatureatapproximately35°C and asa sealantfor
unwantedopenspacesinthehive.Italsoaidsinhardeningthecellwallsandachieve
sterile conditions within the beehive (Salatino etal2005).A broad range of
pharmacologicalactivitiesofpropolishavebeendocumentedinseveralstudies
such as anticancer, antimicrobial, anti-inflammatory, antiviral, as antibiotic,
antifungal,antineoplastic,anti-oxidativeactivities(Belfaretal.,2015)

Thefunctionalpharmacologicalactivitiesofpropolisand itseffectivetherapeutic
applicationshavegeneratedgrowingcuriosityaboutitschemistry(Bankovaetal.,
1987).Propolis composition is extremely complex and variable,showing the
presenceofbeeswax,resin,essentialoils,andpollen.(Galeottietal.,2018)Propolis
generallyconsistsofresinandbalsam (50%),whichiscomposedofflavonoidsand
relatedphenolicacids,generallycalledasthepolyphenolicfraction,waxes(30%),
essentialandaromaticoils(10%),pollen(5%),andotherorganiccompounds(5%).
(Thomson,1990).Thewaxesaresecretedbythehoneybees,whileresinandoilsare
obtainedfrom plants,generallyderivedfrom secretionsorbycuttingfragmentsof
vegetativetissues.(Galeottietal.,2018)

Thebeewaxesandhydrocarbonspredominantlymakeupthenon-polarfractionof



propolis.Thepropoliswaxesaresecreted byhoneybees,and thedifferences
betweenpropoliswaxesandwaxespresentinhexagonalcombsarisefrom the
geneticfactorsofthebeesandareindependentofthebotanicalsources.These
includevariousalkanes,alkenes,alkadienes,monoesters,diesters,aromaticesters,
fattyacids,theiresters,andglycerol,andsteroids.Thesenon-volatilecomponents
donotcontributeanysignificantpharmacologicalactivitytopropolis.(Ristivojevićet
al,2015)

Thepolarfractionconsistsofmainlyvolatileconstituentswhichoriginatefrom the
plant exudates, bee metabolism (amino acids, glycerol phosphates) and
contaminationwithhoney(varioussugars)(Groot,2013)Variousclassesofvolatile
compounds presentin the chemicalprofile ofpropolis are responsible forits
complexchemicalcomposition(Silici&Kutluca,2005).Propoliscontainsdifferent
monoterpenesandsesquiterpenesasitsvolatilecomponents(Bankova,1994)Other
components ofvolatile oils consistofalcohols,especially aromatic alcohols,
phenols,aldehydes,ketones,acids(from AceticacidtoStearicacid),esters,alkanes,
benzylatedbenzene,andnaphthalene.(Ferracini,1995)

Thevolatilefractionofpropolishasnotbeenstudiedextensivelybecausethevolatile
compoundsconstituteonly10% ofthetotalcompositioncomparedto50% ofthe
resinoussubstancesinpropolis.(MiguelandAntunes,2011)Theseessentialoils
which arepresentin minutequantitiesconferaroma and biologicalactivityto
propolis(Bankovaetal.,2000)Although,thevolatileconstituentscompriseasmall
portionofthepropoliscomposition,theirchemicalinformationishelpfulinthe
chemicalcharacterizationofpropolisandcanalsoleadtothediscoveryofnovel
bioactivecompounds.(Bankovaetal.,2014)Thevolatileconstituentspossess
differentbiologicalactivities,whichinturnattributetothebiologicalactivityof
propolis.Identificationofvolatilecompoundsinpropolisalsoprovidesvaluable
informationaboutthegeographicaloriginofpropolis(MiguelandFigueiredo,2017)

Propolis from various geographicalregions exhibitvariability in theirvolatile
compositionduetothecollectionofresinsandplantexudatesbythebeesfrom
localfloravaryingaccordingtotheirrespectiveclimaticconditions,terrain,water
availabilityandotherenvironmentalfactors(Moţetal.,2011).Significantdifferences
arethusobservedinthevolatilechemistryofpropolisbetweendifferentcountries
(Bankovaetal.,2014).Thevolatileconstituentsofpropolisfrom thetemperateand
tropicalzonesdisplaytremendousvariationintheirchemicalcomposition(Torreset
al.,2008). Propolisfrom temperatezones,isknowntocontainmainlyflavonoid
aglycones(flavonesandflavanones),phenolicacids,andtheiresters.(Bankova,
2005b;Bankova,Castro,&Marcucci,2000;Bankova,Popova,Bogdanov,&Sabatini,
2002)Ontheotherhand,propolisintropicalregionsalsoshowsvolatilityinits
chemicalcomposition(Torresetal.,2008).Tropicalpropolisisrichinphenolics,
flavonoids,prenylated derivatives ofp-coumaric acids,terpenes,lignans,and
benzophenones.(Bankova,Popova,&Trusheva,2018;Marcucci,1994;Salatinoetal.,
2011)However,propolisfrom tropicalcountriesisstillnotwellunderstood,although
ithasdemonstratedpromisingbiologicalactivitiesanduniquechemicalcomposition
inthesecountries(Katekhayeetal.,2019)Infact,theessentialoilsofpropolis
samples within the same countryhave also shown unpredictable composition
(Bankovaetal.,2014).



Indiahasavast diversity of floraandshowsregionalvariationsin climaticconditions,
thereforeitispredictedthatpropoliscollectedfrom differentpartsofthecountrywill
differintheirchemicalcomposition.(Kasote,2017)Worldwide,therehasbeen
extensiveresearchonpropolis,buttheresearchonIndianpropolisisstillinits
infancy.(Kapareetal.,2019)Propolishasbeenthesubjectofsubstantialresearchin
America,Australia,theUnitedKingdom andespeciallyEasternEuropeoverrecent
decades(Rathodetal2011).But,thereisscantinformationonthechemistryand
applicationsofIndianpropolis.(Naiketal.,2013)Onlyahandfulofstudieshave
documentedthechemicalcompositionofIndianpropolis.(Thirugnanasampandanet
al.,2012)

Owingtoitsextremelycomplexchemicalcomposition,GCMSbecamethemost
preferredtechniqueinthe1980sforfasterchemicalcharacterizationofpropolis
samplesfrom variousgeographicalandbotanicalorigins(Greenawayetal.,1990).
Theisolationandidentificationofseveralcompoundsofpropolishasbeenpossible
becauseofthedevelopmentofmodernchromatographictechniquescombinedwith
massspectroscopy(MS).(Shahetal.,2014)GC–MShelpstopreventthelossand
degradation ofvolatile components and is therefore very often used forthe
characterizationofpropolisvolatiles.(Pavlovicetal.,2020)GCMStechniquehas
longbeenusedforthein-depthanalysisofthemajorvolatileandsemi-volatile
chemicalcompoundsofpropolis(HaileandDekebo,2013)RapidGC-MSprofilingof
thevariouspropolistypesinvolvestheidentificationofdifferentcompoundsbytheir
chromatographicandmassspectralcharacteristicstorevealtheirplantsources
(Shahetal.,2014)Itisalsohelpfulinestablishingthegeographicaloriginsofthe
propolissamples(Melliouetal.,2007).

SincethevolatilechemistryofIndianpropolishasnotbeenextensivelystudies
whichpromptedthepresentinvestigationonthevolatilecompoundsofpropolis
usingGCMStechnique.Thecurrentstudyaimstoestablishthedegreeofvariationin
thevolatilecompositionofpropolissamplescollectedwithinIndiabyGCMSanalysis
andidentifynovelphenoliccompoundsfrom Indianpropoliswhichhavefurther
potentialtobedevelopedintonovelpharmaceuticaldrugs.

Materialsandmethod

Collectionofpropolissamples
In the presentstudy,raw propolis samples were collected from five different
geographicalregionsofIndianamelyRohtasfrom Bihar,Laturfrom Maharashtra,
SawaiMadhopurfrom Rajasthan,Rewarifrom HaryanaandKotafrom Rajasthan.
Thesampleswerecollected byscraping theframesofbeehivesfrom apiaries
housingApismelliferacolonies.Thesampleswerephysicallycleanedandpulverized
into smallparticles.The samples were stored in a coolplace forfurther
investigations.

Preparationofethanolicextractofpropolis(EEP)
Raw propolissampleswerephysicallycleanedandpulverizedintosmallparticles.
Thecrudepropolisextractswerepreparedbycrushing20gofpropolisintosmall
piecesandextractedwith100mlof70%ethanolandplacedonamagneticstirrerfor
twodayswithintermittentshakingatroom temperature.Theextractwasfilteredby
theWhatmanfilterpapertoremoveinsolublematterandwaxes.Afterfiltration,the



obtainedethanolicextractsofpropoliswereevaporatedtodrynessunderreduced
pressureat50°Cbyrotaryevaporator.Thedriedextractswerestoredinair-tightvials
at−20°CforfurtherGC-MSanalysis.

GaschromatographyandMassspectrum analysis
ThepropolissampleswereinvestigatedbyGCMSanalysistoanalyzethepossible
differencesinthechemicalcompositionofthepropolissamplesandtosuggest
similaritiesanddifferencesbetweensamples.Thedriedpropolisextracts(0.5mg)
weredissolvedin1mLofHPLCgrademethanoltoappropriateconcentrationsand
analyzedinaGC-MSdevice.AGCsystem ThermoScientific-Trace1310coupledtoa
triplequadruplemassSpectrometer(TSQ8000,ThermoScientific)wasusedforthe
analysisofextractedpropolissamples.TheGCwasequippedwithaDB-5MScolumn
(30m inlength×0.25mm ininternaldiameter×0.25μm infilm thickness).Helium
(99.999%)wasused ascarriergasata constantflow rateof1 ml/min.The
temperatureoftheGCinjectionportwas250°C.Aninjectionvolumeof1µLofthe
samplewasemployed(Splitratio1:30).TheGCoventemperaturewasprogrammed
initiallyat40°Cfor2minutesandthenincreasedto240°Catarateof5°C/minute.
Finally,thetemperaturewasincreasedto300°Catarateof20°C/minfor2minutes.
Themassspectraofcompoundsinsampleswereobtainedbyelectronionization(EI)
at70eVandthemassanalyzeroperatedinfullscanmodefrom 50to1000atomic
mass units in a fullscan mode.The MS transferline was maintained ata
temperatureof300°CandtheMSionsourcetemperaturewasmaintainedat230°C.
Therelativequantityofthechemicalcompoundspresentineachofthepropolis
extractswasexpressedasapercentagebasedonthepeakareaproducedinthe
chromatogram.

IdentificationofComponents
Theinterpretationofthemassspectrum ofGC-MSwasconductedusingthemass
spectraldatabaseoftheNationalInstituteStandard and Technology(NIST Lib
version2.2).Thespectrum oftheunknowncomponentwascomparedwiththe
spectrum oftheknowncomponentsstoredinthedatabase.Thenumberofhitsused
to identifythe compound and the name,molecularweight,molecularformula,
molecularstructureofthecompoundswasrecordedfrom theNISTlibrary.The
identification ofchemicalcompounds in the crude extractwas based on the
similarityofGCretentiontimeandmassspectra(%)withthestandards.

Resultsanddiscussion

GCMSanalysisofvariousextractsofIndianpropolis
In the presentstudy,GCMS analysis was used forthe profiling ofvolatile
componentsinthepropolissamplesfrom fivedifferentphytogeographicalregions
ofIndianamelyRohtasfrom Bihar,Laturfrom Maharashtra,SawaiMadhopurfrom
Rajasthan,Rewarifrom HaryanaandKotafrom Rajasthan. Thesampleswere
exploredfortheirphytochemicalcompositionbyGC-MSanalysis.Detailsofplaceof
collection ofpropolis samples collected in India and the coordinates ofthe
geographicalregionsareshowninTable1.



Table1:DetailsofplaceofcollectionofpropolissamplescollectedinIndia(Census
ofIndia,2011)

TheresultsofGC-MS analysisrevealedthatthereisvariabilityinthechemical
compositionofthevolatilefractionofthefivepropolissamples.Itisevidentfrom
thepresentstudythatthesamplesexhibitsignificantdifferencesintheirchemical
compositiondependingonthelocationofthecollection.

State District Block/Tehsil Village Geographical

position

Bihar Rohtas Sasaram Misripur 25.0686◦N,
84.0167◦E

Maharashtra Latur Jalkot Atnoor 18.4088◦N,
76.5604◦E

Rajasthan Sawai

Madhopur

Gangapur Phulwara 26.0378◦N,
76.3522◦E

Haryana Rewari Rewari Bhanwari 28.1928◦N,

76.6239◦E

Rajasthan Kota Sangod Narsinghpura 25.2138◦N,
75.8648◦E



Many chemicals including alcohols,aromatic compounds,flavanones,linear
hydrocarbons,alkenes,aromaticacids,aromaticesters,fattyacidesters,terpenoids,
andotherchemicalsubstanceswerefoundinthepropolissamples.Thedifferent
chemicalprofilesofthesamplesdemonstratethatthebotanicalsourcesofpropolis
varysignificantly,even in the same state and the same season.Mostofthe
identifiedcompoundsinIndianpropoliswerefoundtopossessmanybiological
activities.

Thevolatileprofilingofpropolisextractsledtotheidentificationofover40major
compoundsinthepropolisextracts.Theanalysisindicatedthepresenceoftwo
novelbioactivecompoundsviz.deoxy-podocarpolandp-1-indanylphenol,among
the various chemicalcompounds identified in the propolis extracts.The two
compoundswereidentifiedforthefirsttimeinIndianpropolisandtherestofthe
compoundswerealreadyreportedfrom variouspartsoftheworldasrevealedbythe
extensiveliteraturesurvey.

Thephytochemicalcompositionofthemethanolicextractsofpropolissamplefrom
Rohtas,Bihar,as identified by GC-MS analysis revealed the presence often
compounds.GC-MS analysis ofpropolis sample from Rohtas,Biharwith their
retentiontime(RT),molecularformula,molecularweightandpeakarea(%)are
presentedin(Table2).TheGC-MSchromatogram oftheextractfrom Rohtas,Bihar
isalsogiveninFig.1.

ThemajorcompoundswerefoundtobePinocembrin(38.42%),deoxy-podocarpol
(23.87%), Naringenin(12.42%), 1,2,4,5-tetramethyl- 3- (3-phenylpropyl)-benzene
(8.73%),Triphenylethene(4.95%),(E)-1-Phenyl-1-butene(3.97%),Cinnamylcinnamate
(3.01%),Viridiflorol(2.83%),cis-Eudesm-6-en-11-ol(0.93%),andα-Bisabolol(0.87%).
Outofallthesecompounds,deoxy-podocarpolwasidentifiedforthefirsttimeinthe
propolissamplefrom Rohtas,Bihar.

Table2:GC-MSanalysisofpropolisextractfrom Rohtas,Bihar

Sl.

No

RT Name of the

compound

Molecular

Formula

Molecular

Weight

Peak

Area

(%)

Natureofthe

Compound

1 29.16 Viridiflorol C15H26O 222.372 2.83 Sesquiterpenoid

2 29.79 α-Bisabolol C15H26O 222.372 0.87 Sesquiterpenoid

3 32.78 cis-Eudesm-6-en-11-ol C15H26O 222.372 0.93 Sesquiterpenoid

4 36.96 Podocarpol,deoxy- C17H24O 244.378 23.87 Alcohol

5 37.45 (E)-1-Phenyl-1-butene C10H12 132.206 3.97 Alkene

6 40.05 Triphenylethene C20H16 256.348 4.95 Aromatic

hydrocarbon

7 43.41 Cinnamylcinnamate C18H16O2 264.324 3.01 Ester



Figure1:GC-MSchromatogram ofpropolisfrom Rohtas,Bihar

Thechemicalcompositionofthemethanolicextractofpropolissamplefrom Latur,
MaharashtrawasanalyzedusingGC-MS.Theanalysisbygaschromatography-
mass spectrometry ofpropolis sample from Latur,Maharashtra allowed the
identificationofeightcompounds.Theactiveprincipleswiththeirretentiontime(RT),
molecularformula (MF),molecularweight(MW),and peakarea (%),natureof
compoundsinthepropolisfrom Latur,MaharashtraarepresentedinTable3.TheGC
-MSspectrum ofthechemicalcompoundsidentifiedinthepropolisfrom Latur,
MaharashtraisillustratedinFigure2.

TheprevailingcompoundswerePinocembrinorDihydrochrysin,(41.67%),Ethylester
hexadecanoicacid(17.66%)andEthylOleate(14.71%)werealsofoundtoconstitute
amajoramount.Isopropyllinoleate(7.12%)andEthylesterundecanoicacid(6.07%)
alsoshowedagoodpresence.ThecompoundsEthylesterdecanoicacid(4.88%),
Ethylesteroctadecanoicacid(4.2%)andUndecane(3.7%)werepresentinlesser
amounts.

Table3:GC-MSanalysisofpropolisfrom Latur,Maharashtra

8 44.1 Dihydrochrysin C15H12O4 256.257 38.42 Flavanone

9 45.4 Naringenin C15H12O5 272.256 12.42 Flavanone

10 46.41 Benzene, 1,2,4,5-

tetramethyl-3-(3-

phenylpropyl)-

C19H24 252.401 8.73 AromaticCompound



Figure2:GC-MSchromatogram ofpropolisofLatur,Maharashtra

TheGC-MSanalysisofthepropolisfrom SawaiMadhopur,Rajasthanwasperformed
andtenmajorpeaksweredetected.Thesamplefrom SawaiMadhopur,Rajasthan
wascharacterizedbythepresenceof10individualcompounds.Theactiveprinciples
with theirretention time (RT),Molecularformula,Molecularweight(MW)and

Sl.

No

RT Nameofthecompound Molecular

Formula

Molecular

Weight

Peak

Area

(%)

Natureofthe

Compound

1 14.3 Undecane C11H24 156.313 3.7 Alkane

2 22.72 Decanoicacid,ethylester C12H24O2 200.322 4.88 Fattyacidethylester

3 32.03 Undecanoic acid, ethyl

ester

C13H26O2 214.349 6.07 Fattyacidethylester

4 36.07 Hexadecanoicacid,ethyl

ester

C18H36O2 284.484 17.66 Fattyacidethylester

5 39.17 Isopropyllinoleate C21H38O2 322.533 7.12 Fattyacidethylester

6 39.29 EthylOleate C20H38O2 310.522 14.71 Fattyacidethylester

7 39.78 Octadecanoic acid,ethyl

ester

C20H40O2 312.538 4.2 Fattyacidethylester

8 44.1 Dihydrochrysin C15H12O4 256.257  41.67 Flavanone



concentration(%),compoundnatureofthecompoundsinthepropolisfrom Sawai
MadhopurarepresentedinTable4.Themassspectraofthechemicalcompounds
identifiedinSawaiMadhopur,RajasthanarepresentedinFigure3.

Themajorcompoundspresentinthesampleare:Dihydrochrysin(63.09%)wasthe
most prevalent. p -1- indanyl phenol (9.63%), Betulinaldehyde (7.98%).
Spironolactone(6.64%),1-butenyl-E-benzene(4.57%)alsoshowedgoodpresence.
Thecompoundsα-Eudesmol(2.33%),Cryptomeridiol(2.31%),Undecane(1.38%),
Longiborneol(1.14%),Cavonyl(0.94%)werefoundtobepresentintraceamounts.
Outofthese,p-1-indanylphenolhasbeenidentifiedforthefirsttimeinpropolisfrom
SawaiMadhopur,Rajasthan.

Table4:GC-MSanalysisofpropolisfrom SawaiMadhopur,Rajasthan

Sl.

No

RT Nameofthecompound Molecular

Formula

Molecular

Weight

Peak

Area

(%)

Natureofthe

Compound

1 14.29 Undecane C11H24 156.313 1.38 Alkane

2 29.15 α-Eudesmol C15H26O 222.372 2.33 Sesquiterpenoid

3 29.78 Longiborneol C15H26O 222.372 1.14 Sesquiterpenoid

4 31.57 Phenol,p-1-indanyl- C15H14O 210.276 9.63 Phenol

5 32.75 Cryptomeridiol C15H28O2 240.387 2.31 Sesquiterpenediol

6 36.92 Benzene,1-butenyl-,(E)- C10H12 132.206 4.57 Benzene

7 39.29 Cavonyl C12H16N2O3 236.271 0.94 Barbiturate derivative

8 44.09 Dihydrochrysin C15H12O4 256.257  63.09 Flavanone

9 45.57 Spironolactone C24H32O4S 416.576 6.64 Steroidal 17α-

spirolactone

10 46.54 Betulinaldehyde C30H48O2 440.712 7.98 Pentacyclic

triterpenoids



Figure3:GC-MSchromatogram ofpropolisfrom SawaiMadhopur,Rajasthan

Relativelycomplexchemicalcompositionwasexhibitedbythesamplefrom Rewari,
Haryana.TheGC-MS analysisofthepropolissamplefrom Rewarishowed the
presenceof24compoundsthatwereidentifiedusingacomputersearchonaNIST
MS data library based on mass spectralfragmentation patterns.The active
principleswiththeirretentiontime(RT),Molecularformula,Molecularweight(MW)
and concentration (%),compound nature is presented in Table 5.The GC-MS
spectrum ofRewari,Haryanaconfirmedthepresenceofvariouscomponentswith
differentretentiontimesasillustratedinFigure4.

ThesampleshowedhighcontentofPinocembrinorDihydrochrysin,(54.89%)was
themostprevalent.Naringenin(10.93%)andChrysin(8.05%)werealsofoundin
reasonablygoodamounts.Thecompounds1-Pentamethyldisilyloxy-3-phenylprop-2-
ene (3.67%)and Emodin (2.83%)were presentin lesserquantities.Allother
compounds like p-1-indanyl phenol,1.5- Diphenyl-1,5-hexadiene,Undecane,α-
Eudesmol, γ- Eudesmol, α-Bisabolol, 7-(2- Hydroxypropan-2-yl)-1,4a-
dimethyldecahydronaphthalen-1-ol,Methyl13-methylpentadecanoate,Cryptomeridiol,
Methyl 13-methylpentadecanoate, 1,5-Diphenyl-1,5-hexadiene, Ethane, 1-(o-
ethylphenyl)-1-phenyl-Hexadecanoic acid,ethylester,1-n-Hexadecylindan,Cyclic
octaatomicsulfur,Linoleicacidethylester,10-Octadecanoicacid,methylester,Ethyl
Oleate,Cinnamylcinnamatewerefoundtobepresentintraceamounts.

Table5:GC-MSanalysisofpropolisextractfrom Rewari,Haryana

Sl.

No

RT Nameofthecompound Molecular

Formula

Molecular

Weight

Peak

Area(%)

Natureofthe

Compound

1 14.29 Undecane C11H24 156.313 0.07 Alkane

2 28.6 γ-Eudesmol C15H26O 222.372 0.29 Sesquiterpenoid



3 29.14 α-Eudesmol C15H26O 222.372 0.88 Sesquiterpenoid

4 29.77 α-Bisabolol C15H26O 222.372 0.39 Sesquiterpene

alcohol

5 31.57 Phenol,p-1-indanyl- C15H14O 210.276 1.75 Phenol

6 31.88 Cryptomeridiol C15H28O2 240.387 0.13 Sesquiterpenediol

7 32.74 Cryptomeridiol C15H28O2 240.387 0.69 Sesquiterpenediol

8 34.74 Methyl 13-

methylpentadecanoate

C17H34O2 270.457 0.07 Fatty acid methyl

ester

9 35.43 1,5-Diphenyl-1,5-

hexadiene

C18H18 234.140 1.03 Alkadiene

10 36.07 Hexadecanoicacid,ethyl

ester

C18H36O2 284.484 0.32 Fatty acid ethyl

ester

11 36.23 Ethane,1-(o-ethylphenyl)

-1-phenyl-

C16H18 210.31  0.95 Aromatic

hydrocarbon

12 36.92 1-n-Hexadecylindan C25H42 342.611 0.19 Indene

13 37.33 Cyclicoctaatomicsulfur S8 256.48 0.24 Homomonocyclic

compound

14 38.08 10-Octadecenoic acid,

methylester

C19H36O2 296.495 0.13 Fatty acid ethyl

ester

15 39.18 Linoleicacidethylester C20H36O2 308.506 0.05 Fatty acid ethyl

ester

16 39.29 EthylOleate C20H38O2 310.522 0.28 Fatty acid ethyl

ester

17 43.40 Cinnamylcinnamate C18H16O2 264.324 0.58 Ester

18 44.11 Dihydrochrysin C15H12O4 256.257  54.89 Flavanone

19 44.94 Naringenin C15H12O5 272.256 10.93 Flavanone

20 45.40 Naringenin C15H12O5 272.256 10.43 Flavanone

21 45.59 Chrysin C15H10O4 254.241 8.05 Flavone

22 45.83 2-Ethylsulfanyl-4-(4-

methoxy-phenyl)-6-

methyl-nicotinonitrile

C16H16N2OS 284.4 1.17 Pyridine



Figure4:GC-MSchromatogram ofpropolisfrom Rewari,Haryana

GC-MSchromatogram analysisofpropolissamplefrom Kota,Rajasthanshowed5
peakswhichwereidentifiedaftercomparisonofthemassspectrawiththeNIST
libraryindicatingthepresenceoffivechemicalconstituents.Themajorcompounds
havebeenidentifiedbasedonthepercentagepeakareaintheChromatogram.The
activeprincipleswiththeirretentiontime(RT),Molecularformula(MF),Molecular
weight(MW),PeakArea(%),natureofthecompoundinthepropolisfrom Kota,
RajasthanarepresentedinTable6.Themassspectrum ofthechemicalcompounds
identifiedinKota,RajasthanispresentedinFigure5.

Itwasobservedthatthemaintypesofcompoundsinthepropolisfrom Kotaare:
PinocembrinorDihydrochrysin,(73.51%)wasthemostprevalent.Asecondmajor
compound p-1-indanyl-phenol(13.86%)was also found in high amounts.The
compounds epi-γ-Eudesmol,(5.67 %),cis-Eudesm-6-en-11-ol(4.15%)and 3,5-
dimethyl-octane(2.81%)werefoundincomparativelylesseramounts.

Table6:GC-MSspectralofpropolisfrom Kota,Rajasthan

23 45.96 Emodin C15H10O5 270.24 2.83 Anthraquinone

24 46.41 1-Pentamethyldisilyloxy-

3-phenylprop-2-ene

C14H24OSi2 264.51 3.67 Phenylpropanoids

Sl.

No

RT Nameofthecompound Molecular

Formula

Molecular

Weight

Peak

Area(%)

Natureofthe

Compound

1 14.29 Octane,3,5-dimethyl C10H22 142.286 2.81 Alkane

2 29.15 epi-γ-Eudesmol C15H26O 222.372 5.67 Sesquiterpenoid

3 31.57 Phenol,p-1-indanyl- C15H14O 210.276 13.86 Phenol

4 32.75 cis-Eudesm-6-en-11-ol C15H26O 222.372 4.15 Sesquiterpenoid



Figure5:GC-MSchromatogram ofpropolisfrom Kota,Rajasthan

Thispublicationisthefirsttoreportthepresenceoftwonovelphenolicacids-deoxy
podocarpolandp-1-indanylphenolinIndianpropolis.(Kumaretal.,2009)reported
thepresenceofnovelcompoundsinIndianpropolislikep-coumaricacid,Benzyl
cinnamate,4-pentanoicacid,andFerulicacid,identifiedforthefirsttimeinthe
Propolisfrom Gujaratzone.Thepresenceof24compounds(9knownand15novel
compounds)inIndianstinglessbeepropolisfrom RaigadDistrictofMaharashtra
Statewasreportedby(Choudharietal.,2012)

(Kumaretal,2011)reportedthepresenceofthenovelcompound1,4Di-O-Acetyl-
2,3,5-tri-O-Methylribitol(C12H22O7),identifiedforthefirsttimeinpropolisfrom Apis
melliferaandTrigonasp.collectedfrom Coimbatore,TamilNadu,India.(Shahetal.,
2014)analyzedthepropolissamplesfrom Srinagar(JammuandKashmir)and
Coimbatore(TamilNadu)andidentifiedSixteendifferentcompoundsthathavenot
beenreportedpreviouslyinIndianpropolis(Ramnathetal.,2015)analyzedthe
chemicalcompositionofsixIndianpropolissamplescollectedfrom sixdifferent
IndianregionslikeKarnalfrom HaryanaState,Hamirpurfrom HimachalPradesh,
Sarangpurfrom Uttaranchal,Palladam from TamilNadu,Hublifrom Karnatakaand
Sultanbatterifrom KeralausingGCMSanalysis.Inthestudy,93compoundswere
identifiedand14beingnewforIndianpropolis.

Compared with the findings ofthis research,although these constituents are
somewhatdifferentfrom thosewhichhavebeenpreviouslyreportedinpropolisfrom
othergeographicalregionsofIndiabyseveralresearchers,however,itisinteresting
tonotethattherearesomecommonconstituentsbetweenthesamples.(Naiket.al.
2013)havereportedthechemicalcompositionoftheessentialoilobtainedfrom
Indian propolis(Mahabaleshwar,Maharashtra).Theessentialoilwasshown to
contain long-chain alkanes (tricosane,hexacosane,heptacosane,heneicosane),
terpenoids(linalool,methyleugenol,geraniol)andphenols((Z)-ethylcinnamate)as
majorgroupsofcompounds

5 44.09 Dihydrochrysin C15H12O4 256.257  73.51 Flavanone



(Shashikalaetal.,2016)reportedthepresenceofthirteencompoundsinthepropolis
samplefrom Bangalore,Karnataka.ThemajorconstituentswereEthylhexanol,3
ethyl,3 methylheptane,Dodecane,1,1,dimethylethyl,Tetradecane,4,6 dimethyl,
Tetracosane,Diethylphthalate,Dibutylpbhthalate,Hexadecanoicacid,Octadecanoic
acid,1,2,benzenedicarboxylicacid,Hexatricontane.

(D’Souzaetal.,2016)identifiedflavonoids,alkaloids,phytosterols,triterpenesand
glycosidesfrom thepropolisfrom theShahapurregionofMaharashtra.(Kaliaetal.,
2015)reportedthepresenceofvariousflavonoids,esters,ketones,andacidsthat
wereidentifiedinpropolisfrom Chandigarh,Punjab.ThemajorcompoundsinEEP
were4’,5,7-Trihydroxyflavanone,4H-1-benzopyran4-one,isoquinoline,propanone
andcinnamicacid(Shashikalaetal.,2016)quantifiedflavonoidsinsixsamplesof
propolisobtainedfrom differentlocationsinKarnatakaandTamilNadubyGCMS
analysisandreportedhighconcentrationsofflavonoidsinpropolissamplesfrom
Bangalore,Coorg,andCoimbatore.(Vermaetal,2017)studiedthepropolisobtained
from Patiala(Punjab)andDelhi,propolissamplefrom Delhishowedthepresenceof
flavonoids,phenolics,terpenoids,andfattyacidswhereasthepropolisextractfrom
Punjabshowedthepresenceofpolycyclichydrocarbonderivativesinadditionto
flavonoids,phenolics,terpenoids,steroids,andfattyacids.(Thirugnanasampandan
etal.,2012)analyzedpropolisfrom TamilNadu,Indiaandidentifiedthepresenceof
fatty acids and phenolic substances.(Shubharanietal.,2014)compared the
chemicalconstituentsofIndianpropolissamplescollectedfrom differentlocations
inIndialikeKarnalfrom Haryana,Dehradunfrom Uttarakhand,Coimbatorefrom
TamilNaduandBijapurfrom KarnatakabyGCMStechnique.Theresultsofthefour
samplesshowedthepresenceof44compoundsinthesamples.

Conclusion
TheresultsofthepresentstudybyGCMSanalysisrevealedvariationinthevolatile
profilesofpropolissamplescollectedfrom differentgeographicalregionsofIndia.
Thevolatileprofilerepresentsachemicalfingerprintofpropolissinceboththe
natureandtheamountofvolatilecompoundsarecharacteristicsofthebotanical
source.Thecharacterizationofthevolatileprofilesofthepropolissampleshelpedin
identifyingmarkercompoundsthatdifferentiatepropolisfrom variousgeographical
regionsinIndia.VolatileprofilingofIndianpropolisledtotheidentificationofmany
volatileconstituentswithvariousbiologicalactivities.

The presentstudycan also guide usin furtherresearch on the isolation and
purificationofthetwonovelphenoliccompoundsdeoxy-podocarpolandp-1-indanyl
phenolidentifiedinIndianpropolis.Besides,itisalsonecessarytoinvestigatethe
variouspharmacologicalactivitiesofthetwonovelphenoliccompounds.Itisevident
from thepresentstudythattheknowledgeofvolatilecompoundsinIndianpropolis
isfarfrom beingexhaustive.Furtherresearchisneededtorevealthechemistryof
volatilecompoundsofpropolisfrom otherunexploredregionsofIndia.Also,volatile
constituentsinIndianpropolismayprovetobeapromisingdruginthenearfuture
andcanbethesubjectofpharmaceuticalresearch.
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