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ABSTRACT

The chloroform-soluble waxes of the olive fruit(Olea europaea) of cv.
Dritta were separated by thin layer chromatography(TLC) and analyzed
by gasliquid chromatography(GL C) and gasliquid chromatography-mass
spectrometry(GC-MS). Theclasses of different compoundsinclude apolar
molecules(n-alkanes, aldehydes and benzyl esters), long chain aliphatic
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alcohols(C ,-C, ), triterpenic dialcohol (erythrodiol) and triterpenic
acids(oleanolic and madinic acid). A further study on the crude waxeswas
carried out by using high-resolution *C nuclear magnetic resonance

spectroscopy(¥*C NMR).
INTRODUCTION

Epicuticular waxesarefoundindl higher plantson
thesurface of leaves, seeds, flowersandfruits. Theterm
“waxes”, according to its chemical definition, is referred
to estersof long-chain aiphatic fatty acidswith long-
chain aliphatic acohols. However, waxesweremore
widely defined as a complex mixture of cyclic and
aiphatic moleculesof different structure, polarity, and
homol ogue distribution™?, The chemical structure of
epi cuticular waxeswas studied in agreat number of
plantswith an economical and nutritional interestt>9,
Themain physiologicd roleof epicuticular waxesisto
retain water by protecting the gas exchange surfaces
with awaterproof membrane, and providingavariable
goerturecontrol mechanism(stoma) which could regulate
thewater evaporation and carbon dioxide exchange™.
Inaddition, epicuticular waxes havethe function of
protecting plants against pathogenic organisms*2, of
shidding plant organsfrom UV light!*¥, and of actingas
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an allelochemical agent towards herbivores19,
Moreover, epicuticular waxesregulate awiderange of
plant-host interactionsin the plants® and represent a
classof moleculesof nutritiona and clinica interest for
humang9, Anincreasing demand for finding even
more miniaturized methodsfor determining quality,
adulteration and typicity of olive oils, suggested to
undertakeanew study of theepicuticular wax profiles
of theolivefruits. The study was expected to provide
further compositiona datato beused for achemotaxo
nomica characterization of different olivefruit cultivars
Furthermore, *C NM R spectroscopy was applied
to measure the *C spectrum of the epicuticular wax
sample extracted from the cv Drittaolivefruitsand
dissolved inamixture of deuterated chloroform and
methanol asdescribed under the experimental section.
By and ogy with thecharacterization of thetriacylglycerol
profilesof oliveoilsasawhol€?’, theavailability of the
13C gpectrum was checked to determine the compo
sitional profilesof the epicuticular waxesasthey were
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extracted fromtheolivefruit sampleswithout any further
chemicd treatment.

EXPERIMENTAL

Reagents

All solventsand reagentsused through thisresearch
were of analytical grade(Carlo ErbaReagenti, Milan,
Italy). Sllicagd 60 G for TLCwaspurchasad from Merck
KGaA (Darmstadt, Germany). Authentic erythrodiol,
uvaol, phytol, campesterol and 1-eicosanol sampleswere
from Sigma-Aldrich(Milan, Itay) whilst B-sitosterol,
cycloartenal, a-amyrin, 3-amyrin, oleanalic, ursolicand
betulinic acid werefrom extrasynthese(Genay, France).

Wax extraction

Intact and hedthy samples of olivefruits(500g) of
the Drittacultivar were coll ected at theend of October
2006 inthelndtituteolivegroves. Waxeswereextracted
by dipping thefruitsinto cold chloroformfor threetimes
and gently stirringthem each timefor 1min. The pooled
surfacelipidfractionsweredried over anhydroussodium
sulphate and evaporated to dryness by using arotary
evaporator. Theyidd of surfacewaxeswason average
of 320mg/100g fruit weight.

Thinlayer chromatography(TLC)

A crude sample(10mg) of epicuticular waxeswas
dissolved in 1.0ml of chloroform with a drop of
methanol and applied approximately 1.5cm abovethe
bottom of ahome made plate(20cmx20cmx0.60mm
film thickness). The plate was developed in a
benzene acetone solution(96:4) and visudized under UV
light after spraying with an ethanolic solution of 2',7'-
dichlorofluorescein. Thebandscorresponding to apolar
components, diphatic dcohals, triterpenica coholsand
triterpenic acids, were scrgped off, extracted with diethyl
ether and evaporated to drynessunder agentle stream
of nitrogen. Theidentification of molecular classeswas
medeby comparisonof R withauthentic sampleswhich
weredetected at 120°C for 2h by usingasavisudizing
reagent a 3% solution of chromium anhydridein a
water:sulphuricacid 1. 1.

Trimethylsilyl ether derivatives
Molecules containing free polar groups were
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slylated by adding 80ul of silylating reagent(pyridine:
hexamethyldisilazane: trimethylchloroslane9:3:1) at
room temperaturefor 30minin glass stoppered tubes
and centrifugated at 3500rpm for 5Smin. The supernatant
(0.5ul) wasdirectly used for GLCand GC-MSandysss.

Gasliquid chromatography(GL C)

GLC andyssaf triterpenoidsand diphatic alcohols
was performed on aHRGC5160 gas chromatograph
(CarloErbaReagenti, Milan, Italy) usingaRTX®-5(5%
diphenyl/95% dimethylsiloxane) capillary column
(30mx0.32mmii.d., 0.25 um film thickness; Restek
Corporation, Bellefonte, PA, USA) in splitlessmode,
FID detector and injector temperatures of 290°C and
280°C, respectively. The aliphatic alcohols
chromatogram wasrun by keeping the oven at 180°C
for 8 min, and then raising thetemperatureto 265°C at
5°C mintand holding at 265°C until al the components
were eluted. Triterpenoids were determined under
isothermal conditionsat 265°C. GLC andysisof gpolar
components were performed with FID detector at
340°C and withtheoven at 70°C for 1 min, raised to
150°C at 25°C min', held at 150°C for 3 min, raised
againto 330°C at 4°C min! and held at 330°C until al
componentswere e uted.

Gas liquid chromatogr aphy-mass spectrometry
(GC-MY9)

GC-MSanalyseswere performed on aTraceGC gas-
chromatograph coupledtoaPolarisQ lon Trap mass
spectrometer(Thermo Finnigan, MA, USA) equipped
withaRTX®-5M Scapillary column 30mx0.25mmi.d.,
0.25um filmthickness(Restek Corporation, Bellefonte,
PA, USA). The chromato graphic conditionswere as
follows:. injector 280°C, transfer line 240 or 300°C, ion
source 250°C. Full spectra(50-700amu) were recorded
intheeectronimpact(El) modeat 70eV.

High-resolution **C nuclear magnetic resonance
spectroscopy(¥*C NMR)

A 40mg portion of the crude epicuticular wax
samplewasdissolvedin 1.0ml deuterated chloroform
(CDCI,; Sigma-Aldrich, Milan, Italy) and 50ul
deuterated methanol (CD,0D; Sigma-Aldrich, Milan,
Italy). The3C NMR spectrum was obtained at 25°C
withaUnity InovaNarrow Bore500 M Hz spectrometer
equipped with a Unix-based Sun Microsystems
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workgtation(Varian NMR Instruments, PaloAlto, CA).
The spectrum was acquired under proton decoupling
(Waltz-16 broadband decoupling), with 64 K data
pointsand an acquisitiontime of 1.1sat arepetition
rate determined by an interval between pulsesof 2s.
Signd averagingwascarried out for atotal time of 4h.
A resolution enhancement function wasappliedto the
freeinduction decay beforefourier transformation to
improveresolution and sensitivity of the*C resonances.

RESULTSAND DISCUSSION

Theepicuticular waxesare generadly obtained by
dipping theintact plant organ(leaves, seeds, flowers,
fruits) into chloroform or other solventsfor about 1 min.
After removingthesolvents, thecrudeextractisfractiona
ted into various classes of compounds by column
chromatography!?. Thismethod dlowslarge quantities
of pure compounds to be obtained but it is time
consuming and requireslarge amounts of obnoxious
solvents. In the first report on the composition of

—= Fyll Poper

cuticular lipids of olivefruit®, a profile made up of
alkanes, adehydes, alkyl and methyl phenyl esters,
triacylglycerols, aliphatic alcohols, triterpenoids and
fatty acidswas described. In morerecent reports*?,
thedominant classesof epicuticular waxesof olivefruit
were found to be triterpenoid substances where
triterpenic acidsrepresented the dominant compounds.
Inthe present work, we use preparative TLC to obtain
separation of thedifferent classesof compounds of the
epicuticular waxesof theolivefruit(Olea europaea) cv.
Dritta(Figurel).

We obtained four bandsat R, valuesof 0.85, 0.45,
0.36 and 0 in correspondence of apolar compounds,
aliphatic a cohals, triterpenic alcoholsand triterpenic

acids, respectively.
Apolar compounds
n-Alkanes

The apolar compounds which represent 23% of
thetota epicuticular waxesof theolivefruitscv. Dritta,
comprised n-akanes, long-chain a dehydesand benzyl

TABLE 1: Composition of epicuticular waxesof theolivefruit of cv. Dritta

Components % total waxes Carbon chain lenght
18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
n-akanes -o 2 2 7 4206 3515 - 7 - - -
Apolar 23 adehydes - 3 - 8 436 3 3 10 - - - - -
ph-esters - - - - - - - - - -23 - 4 - 33
Aliphatic alcohols 23 1 1 1 82 23321411 - - - - -
Triterpenoids 54
a : Not detected
CH3-(CH»5),-CH3
n-alkanes COOH
CHz(CHZ)-CHO | Ho
Aldehydes
B-amyrin Oleanolic acid
CH3-(CH,),-CH»-OH
Aliphatic alcohols
OH COOH
HO
Ph-CH,-O-CO-(CH,),,-CH3
Benzyl-esters HO HO
Maslinic acid

Erythrodiol

Figurel: Sructural formulasof themain constituentsof the epicuticular waxesof theolivefruit of cv. Dritta
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esters(TABLE 1).

All these components were detected in asingle
chromatogram whichisreported in figure 2. All the
gpolar compoundsfollowed abel|-shaped distribution.
In particular, the composition pattern of n-alkanes
showed adistribution curveinwhichthe odd homologue
serieswas centred at the C,, homologue.

L ong-chain aliphatic aldehydes

Thelong-chain aliphatic a dehydes, which can be
also found in olive ail?!, were determined in the
epicuticular waxes of theolivefruit cv. Dritta. They
comprised theeven compoundsfromC, to C, centred
at the C,, homologue(Figure 2). The characteristic
iongM]*, [M-18]* and [M-44]* which aredetected in
themassspectraof short-chain diphatic adehydes, were
found in the mass spectra of long-chain aiphatic
adehydesbut withlower intensties. Themassspectrum
of hexacosand (Figure 3) showed themolecular ion(m/
z 380), thef M-18]* ion(m/z 362) dueto thelossof a
water moleculefrom the enolic form of the aldehydic
function and the[M-44]* ion(m/z 336) which was
obtained from a p-cleavage. Fragments of the
hydrocarbon moiety of adehydeswered so determined
at low m/z values. Thesefindingswerein agreement
withthedatareportedin literature?.

Benzyl esters

Thelast components of the apolar fraction were
thearomaticestersformed by theesterification of benzyl
alcohol with long chain fatty acids comprising even
carbon numbers from C,, to C(Figure 2). The
identification of these compoundswas confirmed by
their mass spectra®. Thefragmentation of molecular
ion of benzyl hexacosanoate(m/z 486), which wasthe
mgor homol ogue, generated twoionsat 91 and 108m/
zarisngfromthebenzyl a cohol moiety, and twoions
at 377 and 395m/z arising from the hexacosanoic acid
moiety(Figure4). Thealkyl-estersand triacylglycerols
could not be detected because of their low
concentrationlevels.

Aliphaticalcohols

Thediphetic acohol fractionwhich represents23%
of thetotal waxy materia , wasshowninfigure5. The
homologues from C ; to C, followed a bell shaped
distribution centred at the C,, homologue. Their chain
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Figure2: GC-M Schromatogram of theapolar epicuticular
componentsof theolivefruit of cv. Dritta
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Figure4: Massspectrum of benzyl hexacosanoate

length patternssuggest that they are produced from the
same pool of fatty acyl chainsand that the a dehydes
areintermediatein thereduction processto a coholg2.

Triterpenoids

All thecompoundsof thetriterpenoidfractionwhich
represents more than half of the total epicuticular
waxes(54%)(TABLE 2), bd ongto the -amyrin series
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Figure5: GC-M Schromatogram of thealiphatic alcohols
of theepicuticular waxesof theolivefruit of cv. Dritta(1to
12:C toC,)
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Figure6: GC chromatogram of the TL C band with R =0.36
of theepicuticular waxesof theolivefruit of cv. Dritta
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Figure7: GC chromatogram of the TL C band with R =0of
the epicuticular waxes of the olive fruit of cv. Dritta(1:
Oleanolicacid; 2: Madinic acid)

a different oxidation levelg(Figure1).

The TLC band with R=0.36 contains only
erythrodiol (4%)(Figure 6) whereasthe TLC band with
R=0wasmadeup of amixtureof oleanolic(52%) and
madinic acids(44%)(Figure7).

Thestructures of these compoundswereassigned
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TABLE 2 : Composition of triterpenoid molecules of
epicuticular waxesof theolivefruit of cv Dritta

Compounds Composition(%)
Triterpenic dialcohols
Erithrodiol 4

Triterpenic acids

Oleanalic acid
Madlinic acid

52
44

TABLE 3: Diagnogticionsand rdativeintensitiesof themajor
componentswithin each epicuticular wax classof olivefruit

of cv. Dritta
Carbon Oleanolic acid Madinic acid
assignments 3, ppm 8, ppm
C-28 181.008 180.978
C-13 143.697 143.749
C-12 122.182 121.999
C-5 55.105 55.142
C-3 78.757 83.385
C-2 - 68.480
" 1 5
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>
& = gl &
4 | 1
wi ] ' | ]
l’iwl'* -wn - aza : ‘:'10 550 T:

m/z
Figure 8: Mass spectrum of the trimethylsilyl ether
derivativeof erythrodiol
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Figure 9: Mass spectrum of the trimethylsilyl ether
derivativeof oleanolicacid

by using GC-M Sspectrometry and confirmed by means  Themassspectraof erythrodiol, oleanolic and madinic

of the datareported in literature and by comparison of
their mass spectrato those of authentic samples*24,

acids, reported in figures 8,9 and 10 respectively,
evidenced the fragments corresponding to theloss of
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Figure 10: Mass spectrum of the trimethylsilyl ether
derivativeof madinicacid
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Figure 11: C NMR spectrum where the olefinic and
hydroxyl carbonsof triter penic acidsresonance

the methyl and the trimethylsilyl groups from the
molecular ions. Moreover, triterpenoid moleculeswhich
contain aA*-double bond undergo aretro-Diels-Alder
reaction tha causesacleavageinthefivering skeleton.
Thesefragmentswere 203 and 320 m/z intriterpenic
acidsand 203, 216 and 306 m/z in erythrodiol 4,

High-resolution *C nuclear magnetic resonance
spectr oscopy(B*C NMR)

The high resolution C NMR spectrum of an
epicuticular wax sampleextracted fromtheolivefruits
cv. Dritta, wasrun and the frequency rangewherethe
olefinic and the hydroxyl carbons resonated, was
examined. Theresonance assignmentswere made by
HETCOR experiment for *C-H shift correlation.
HETCOR assured all the *3C resol ution advantages of

a 1¥C-detected sequence as compared to the H-
detected **C-*H shift correlation sequences such as
HMBC and HMQC which showed undoubted
sgnificant sengtivity advantages. Thesengitivity didn’t
represent aproblemin the present work because crude
wax samplesweredirectly used for NM R spectroscopy.
The *C frequency range from 55 to 190 ppm(Figure
11) evidenced that the ol efinic and the hydroxyl carbons
of theoleanolicand madinic acidswerefully resolved.

The chemical shiftswerereportedin TABLE 3.
Theseresults, evenif they refer tothetriterpenic acids
which are quantitatively the most representative wax
components, confirmed that *C NM R spectroscopy
could be applied to characterize the compositional
profilesof olivefruit waxesand determinethe peculiarity
of thedifferent olivecultivars.

ACKNOWLEDGMENT

Wewishtothank the FA.O. for financia support
withintheproject RGV-FAO.

REFERENCES

[11 W.Barthlott, C.Neinhuis, D.Cutler, F.Ditsch, I.
Meusel, 1.Theisen, H.Wilhelmi; Bot.J.Linn.Soc.,
126, 237-260 (1998).

[2] G.Bianchi; Plant waxes In ‘Waxes. Chemistry,
Molecular Biology and Functions’, R.J.Hamilton
(ed.); The QOily Press, Dundee, Scotland, 175-222
(1995).

[3] GBianchi, C.Murdli, GVlahov; Phytochemistry, 31,
3503-3506 (1992).

[4] GBianchi, N.Pozzi, GVlahov; Phytochemistry, 37,
205-207 (1994).

[5] GBianchi, GVlahov; Fat Sci.Technal., 96, 72-77
(1994).

[6] GBianchi, GVlahov, C.Anglani, C.Murelli; Phyto
chemistry, 32, 49-52 (1993).

[71 D.W.Griffiths, GW.Robertson, T.Shepard, A.N.
EBirch; S.C.Gordon, J.A.T.A.Woodford; Phyto
chemistry, 55, 111-116 (2000).

[8] PGGulz, RW.Scora, E.Muller, FEJMarner; JAgric.
Food Chem., 35, 716-720 (1987).

[9] R.Jetter, S.Schiffer, M.Riederer; Plant Cell Env.,

23, 619-628 (2000).

B.M.Szafranek, E.E.Synak; Phytochemistry, 67,

80-90 (2006).

[10]

Hnalytical CHEMISTRY o
A Tndéan W



ACAIJ, 7(3) January 2008

Dritta Giovanna Vlahov et al.

137

[11] GKerstiens; J.Exp.Bot., 47, 1313-1832 (1996).

[12] F.Gniwotta, GVogg, V.Gartmann, T.L.W.Carver, M.
Riederer, R.Jetter; Plant Physiol., 139, 519-530
(2005).

[13] T.A.Day, T.C.Vogelmann, E.H.Del ucia; Oecologia,
92, 513-519 (1992).

[14] D.Cervantes, S.D.Eigenbrode, H.Ding, N.Bosgue-
Perez; J.Chem.Ecal., 28, 193-210 (2000).

[15] S.D.Eigenbrode, K.E.Espelie; Annu.Rev.Entomoal.,
40, 171-194 (1995).

[16] J.Mann; Metabolites derived from mevalonate:
isoprenoids, In ‘Secondary Metabolism’, 2™ edition,
Clarendon Press, Oxford, NY, 138 (1987).

[17] M.C.Ramirez-Tortosa, GUrbano, M.Lopez-Jurado,

—= Fyl] Paper

T.Nestares, M.C.Gomez, A.Mir, E.Ros, JMataix,
A.Gil; J.Nutr., 129, 2177-2183 (1999).

[18] M.N.Vissers, PL.Zock, GW.Meijer, M.B.Katan;
Am.J.Clin.Nutr., 72, 1510-5 (2000).

[19] J.L.Hargrove, PGreenspan, D.K.Hartle; Exp.Biol.
Med., 229, 215-226 (2004).

[20] GVlahov; Magn.Reson.Chem., 36, 359-362 (1998).

[21] M.C.Perez-Camino, W.Moreda, R.Mateos, A.Cert;
J.Chromatogr.A., 983, 283-288 (2003).

[22] K.Christiansen, V.Mahadevan, C.V.Viswanathan,
R.T.Holman; Lipids, 4, 421-427 (1969).

[23] GBianchi, A.Tava, GVlahov, N.Pozzi; J.AM.OIil
Chem.Soc., 71, 365-369 (1994).

[24] M.Burnouf-Radosevich, N.E.Delfel, R.England;
Phytochemistry, 24, 2063-2066 (1985).

— a%a['yttaa[’ CHEMISTRY
A ndian ﬂoawﬂ/



