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petroleum. In spite of their wide occurence in plants and animak, the molecular type com- 
position of several of these hydrocarbons, particularly the aromatics, is not known in detail. 
Part of the reason for this appears to be the difkulties that used to be inherent in trace 
hydrocarbon analysis. 

Resent application of preparative thin-layer chromatography to the isolation of trace 
amounts of lipids,17-I9 and an increasing availability of gas chromatography, together with 
mass spectrometrS”~ *l and other types of spectroscopic techniques, make the aualysis of 
trace quantities of hydrocarbons in plant tissues feasible. The purpose of the present study 
was to apply the new techniques to hydrocarbon and lipid analyses in a variety of plants in 
order to (a) evaluate the limits of the analytical procedure and (b) examine the distribution of 
such compounds in plants. It was observed during this study that banana leaves contained 
complex waxes of somewhat unusual composition, consequently, the hydrocarbons in this 
plant were examined in some detail. 

Chemical components of the leaves and fruit of the various species of the genus MILM have 
been studied by di&rent investigators. Grganic acids, such as ~malic acid** and citric 
acid,23 have been isolated from the fruit, and sterols and unsaponSable matter have been 
reporkdtobepresentinbananaoil. 24 Anthocyanin pigments were also described from this 
genu~.*~ The distribution of carbohydrates, proteins and amino acids, ascorbic acid and fats 
in different parts of the leaves of Mum sup&mm have been examined and a seasonal variation 
in the concentrations of these components has been ~bserved.*~ A detailed examination, 
however, of the saturated and aromatic hydrocarbons in the banana leaf has apparently not 
yet been performed. 

BXPERIMBNTS AND RESULTS 

The n-dlkme H~ocar~ 

The rmlkane hydrocarbons were separated and identifted by elution and vapor phase 
chromatography. The leaves were homogenized to extract both cuticular and cytoplasmic 
lipids. Next, they were extracted with chloroform:methanol2: 1 (v/v) at room tempera&m. 
The solutions were evaporated to dryness under N2. The nitrogen was water pumped, high 
purity grade gas and it was filtered through a Matheson molecular sieve gas purifier recom- 
mended for the removal of water and oil impurities. A part of the residue was redissolved 
in hexane and eluted on neutral grade Woelm alumina (Grade I) columns, prewashed with 
n-hexane, (and containing at least 250 : 1 adsorbent to sample, w/w ratios 27),with the following 
series of eluents: n-hexane, carbon tetrachloride, benzene and methanol. Fifteen 10 ml 
fractions were collected of each of the eluates and the weights of the evaporated fractions were 
determined (Fii. 1). The hexane eluate was further purified by rechromatography with 
&exane on a Davison silica gel column prewashed with n-hexane. The colourless waxy 
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rcsidw obtained was analpd with a Beckman DK-2A spectrometer. The residue showed 
no absorption bands in the U.V. range indicating the absence of unsaturated impurities in the 
saturated hydrocarbon fraction. 50 and 100 pg ahquots of the eluate fractions were spotted on 
thin-layer plates, using silica gel G adsorbent, developed with n-hexane, visualized by 
spraying with Rhodamine 60 indicator, and examined under U.V. light. This procedure 
served to con&n the presence of saturated hydrocarbons in the hexane ehrates from the 
cohnuns, and the absence of noticeable impurities in the saturated hydrocarbon fraction. 
A slightly lower spot unresolved from the main fraction was observed in this fraction of the 
banana leaf extract and is thought to be due to saturated compounds other than n-alkanes as 
indicated by the u.v. spectra. Most of the benzene eluate fraction remained at the origin. 
Aromatic hydrocarbons can be eluted with benzene from ahrmina columns27 and it was 
found by Murphy et al. lg that some high mol. w. aromatic hydrocarbons and other compounds 

EFFLUENT VOLUME Iml) 

remain at the origh~ when thin-layer plates are developed with hexane. Consequently, the 
thin-layer chromatograms raised the possibility that aromatic hydrocarbons may also be 
present in the banana leaves. 

Urea adducts were prepamd of the hexane eluates by adding a saturated solution of urea 
in methanol to a benzne-methanol solution of the waxy residue. The resulting adducts were 
decomposedbyheatinginwater. 28 Ureaadductioningeneralseparatesstraight-chainalkane 
from branched-chain and cy&a&ane fractions. In control experiments using Cz2, Cs4, 
C2s n-alkane hydrocarbons, most of the samples were recovered after urea adduction. This 
is in agmunent with published data in the literature.lg The individual n-alkane compounds 
were identiged in the saturated hydrocarbon mixtures by vapor phase chromatography using 
a Barber-Cohnan, Series 5000, gas chromatograph with a 2 ft long silicone gum rubber 
(SE30,5 %) column at 205” isothermal temperature with 120 ml/min flow rate of argon. A 
tritium, argon ionization deteckn system was used. The retention times of the hydrocarbons 
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extractadfiom~banana~werecomp~withthoseofaseri~of~s~~ 
0nchtding internal standards). The presence of C19, C;, C21, C22, C23, C24, C&k CS Cm, 
C, C, ami Cso thin length n-alkane hydrocarbons was detected in the adducted &action 
(iso and cy&a&anes and the shorter chain length n-alkanes were not invest&a&d in this 
study). In the ~orofo~-m~ol extracts of the banana leaves the ~alkanes having odd 
numbers of carbon atoms in their chains were generally far more abundant than the even 
numbered carbon chain alkanes. 

Tire Aromatic Hjdrocadom 

As mentioned above the thin-layer chromatographic data, together with that shown in 
Fig. 1, raised the possibility that aromatic hydrocarbons may be present in the cbloroform- 
methanol extracts of the banana leaves. Furthermore, in preliminary cxperhnents involving 
the thin-layer chromatography of saponified banana leaf extracts certain components were 
detected which might have been hydrocarbons. The possibility was not ruled out that some 
hy~~~~ were batty associated with waxes and other sapotiable plant lipids in the 
leaves and that traces of these hydrocarbons might not be q~nti~tiv~y separated from the 
saponifiedlipid fractions by standardsaponifWion procedures. Consequently, homogenized 
leaves were extracted in a Soxhlet apparatus with a benzene : methanol mixture 6 : 4 (v/v) for a 
period of 6 hr and 10 per cent of KOH in methanol was placed in the flask of the Soxhlet 
apparatus to saponify lipid components. The potassium salts in the methanol layer in the 
flask were then extracted with water, acidified with HCI and re-extracted with ether. Infiamd 
spectra were run on the carbon tetrachloride solutions of the extra&s in a Perkin Ehner 
Model 137 s~ph~rnet~ using NaCl opt&s and 2 mm cavity cells. As exp&ed, the i.r. 
spectra were characteristic of carboxylic acids, showing strong acid carbon-y1 bands at 5.8 p 
(and what appeared to be ester carbonyl bands at 5*7 p) as well as shoulders at atrophy 
2.9 and 3.7 p and a broad band at 10.7 E,L. Silica gel G thin-layer chromatograms of the saponi- 
&XI extracts developed with chloroform : methanol : water 65 : 25: 4 (v/v) showed non-polar 
components in addition to the usual acids and polar lipids. Thin-layer chromatograms 
developed with hexane:ether 9: 1 (v/v) showed that traces of hydrocarbons were indeed 
present in the saponXed fraction. On thin-layer chromatograms of the saponified extracts 
of several leaves examined separately a naturally fluorescent spot was visible, which had an 
&value of hydrocarbons in this latter solvent system. This fraction fluoresced bhzish-white 
uponex~~tion~~uv.light~~a~~tionofthefl~~tlipid~~,~e 
6G. The flu orescent fraction was scraped off the plates, eluted from the silica gel with hexane 
and analyzed by i.r., u.v., fluorescen 
of the 

ce, and high mol. wt. mass spectrometry. Their. spectra 
flu orescent Fraction showed basicaBy a hydrocarbon composition, showing only a 

trace of a carbonyl band. The fluorescent spectra run in a Beckman DlL2A spectrometer, 
showed an emission band at 470 q and a shoulder at 445 q at an excitation radiation of 
365 w wavelength. Several aromatie hydrocarbons give off bluish colored fluorescence 
under U.V. light. The U.V. absorption bands, measured in hexane solutions, were detected at 
254,280,300 and 325 w. The U.V. spectral bands are probably caused by a variety of are- 
matic compounds. For example, 2,3-dimethylphenanthrene absorbs at 255,280,285,298 
and 325 mcl, 1~~~~ e at 256,277,288,300,318 and 326 rnp and iso&ysene at 
249,257,283,300 and 320 rnp ~~~, etc. Saturated hydrocarbons do not absorb in the 
U.V. range. 

The mass spectrometric analysis of high mol. wt. organic compounds is based on the fact 
that an organic molecule is transformed into a characteristic series of organic ions because of 
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fragmentation and the loss of a single electron in the mass spectrometer upon bombardment 
with the Clectron beam. The instrument sorts out the jons according to their mass to charge 
(ale) ratios. The mass spectra of various aromatic and satum&d hydroc&ons have been 
d~~~~~t~~*O~~ly~ 1951. Thtaromaticrings~~ydonotshowappreei- 
able fragmentation upon electron bombardment. A&y1 branches split off but usually a 
methylenegroupremaius attached to the aromatic nucleus in one -tic fragment ioa 
in the mass spectra of the fluorescent c~o~~~p~c &action a number of organic ions 
of high ion intensity appeared. For example, high ion intensities at m/e (where e = 1) ratios 
ofl28and141weremeasured;thesecanbecausedbythenaphthalenenucleus(mol.wt.= 128) 
and naphtbalene with one methylene branch attached (mol. wt. = 141), reqectively. High 
ion intensities at the m/e ratios of 178 and 191 may be the fragmentation products of an alkyl 
substituted, fused tricyciic aromatic compound. These ions may be, for example, phenan- 
threne (mol. wt. = 178) and phone with one rn~y~ne branch attached (mol. wt. = 
191), respectivelyy. The mass spectra of the hydrocarbon fraction in general indicated an 
approximately equal mixture of saturated and of alkyd aromatie compounds. Naphthalenes, 
phenanthrenes and/or anthracenes, pyrenes and possibly benzoauthmcenes or chrysenes 
seemed to be the coast ~rn~~~. The highest mol. wt. component had a mass 
to charge (m/e) ratio of 467. In an attempt to partial& verify the mass spectra the fluorescent 
substance was further fractionated by silica gel G thin-layer chromatography, at this time 
using the mm-polar u-bexane as the developing solvent. This resulted in the separation of at 
least seven types of hydrocarbon groups, the naturahy fluorescing spot having now an A$ 
value similar to hydrocarbons containing 6-8 double bonds. Phenantbrene has 7 unjust 
double bonds. Thus, tbe ~~~~ was in agreement with the mass and ux spectra. 

DISCUSSIO’N 

Plant waxes occur in the leaf cuticle, where tbey form wax pWt4et.s in a mixture of cutin 
~d~*~~~r~~~~s~~. W~~~p~t~~t~ti~ 
and~~~~theymaybedis~ia~eceU.inthe~wayasfats. Noattemptswere 
madcin~eptesent~ytodctectthelocationswhereh~~ocauriatheleavesorto 
examinetbeirseasonalvariation. 

The role and physiological signikance of hydrocarbons in banana leaves is not fully 
understood. ~10~~~~~ areundoub~indigtnousconstituentsoftheleaves. 
The aromatic hydrocarbons, including the bl~~-~~ fl noresWnt component which is 
apparently ao. alkyl-aromatic hydrocarbon, are probably indigenous. Even though the 
saponiikation conditions were mild, there is a possibility that some of tbe aromatic hydro- 
carbons may be artifacts, ~~~ fkom other compounds by some reaction during the 
chemical isolation process. Should this be their origin, a knowkdge of the aromatic hydro- 
carbon types may help to elucidate the structures of their parent compounds in the waxes. 

The possibility that the aromatic hydrocarbons are tbe result of contamination from 
PllutedairshouId&obeconsidered. Thebananaleaveswereobtainedfrompkntsnear 
the shore of the$&fic Ocean in La Jolla, California, which is a non-industrial community. 
Some of the other plants examined in tbis study, such as the f-s ~~~~t~p~~~* wclft 
&O &lectgd in La Jolla and they did uot contain the fkoreseent, aromatic hydrocarbon 
component. Itappearsthatatleastthisaromaticsubstanceisanindigenouswmponentofthe 
banana leaf, althoqh its concentration may be subject to seasonal variations. Furthermore, 
the~~fluorescentsromatichydrocarbon~urred~~ ~~~~~~~and 
not in cold chlorof~ 01 extracts of the banana leaves. This would further suggest 
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that this component is not an air pollution product on the leaf surfaces because if it were such 
it should &WC been possible to remove it by cold chloroform-methanol washing. 

The naturally fluorescent polycyclic aromatic hydrocarbon component was not detected 
by thin4ayer chromatography in the saponified extracts of other plants (with the possible 
exception of the moss ~o~y~~~~ eom, which showed traces of what seemed to be a 
similar component). The bacteria C~~~~ sp. and ~prosp~ grd, the brown alga 
Pe&gophyncs ptwra, the fungus PhdWa praecox, the cactus Optsttia echinocarpa, and the 
ocotillo, Fbzqtderiaspkmkns, all showed tnwes of hydrocarbons on their thin-layer chromato- 
grams but lacked the fluorescent component. The present study provides further evidence 
that hydrocarbons occlll in plants and it further demonstrates the applicability of recently 
developed spectroscopic and chromatographic procedures to plant hydrocarbon analysis. 

CONCLUSIONS 

The combined piques of elution, thin-layer and gas c~o~~~phy, i.r., UX, fiuoro- 
metric and mass spe&ometry revealed several hydrocarbon components in banana leaves, 
Mura sapienaan. Several n-alkane and some aromatic hydrocarbons were detected. Natur- 
ally fluorescent compound(s), which appear(s) to be a type of a&y1 substituted polycyclic 
aromatic hydrocarbon, is a noteworthy component of the saponified extracts. This work may 
support earlier findings and subsequent suggestions, such as those made by Eglinton ef ~2.~ and 
Purdy and Truu~,‘~ regarding the possibility of using variations in plant hydrocarbon and 
lipid compositions for taxonomic purposes. 

EXPERIMENTAL 

The experiments were perfii in glassware cleaned with a 85: 15 (v/v) mixture of hot 
concentrated sulfuric and nitric acids prior to use. No rubber or plastic implements or stop 
cockgreasewereemployedintheanalyticalprocedure. Blankrunswereperformedprior and 
parallel to all experiments to detect laboratory contaminations if such should have occurred. 
All solvents were spectral grade and, in addition, they were freshly distilled through 12 in, 
columns packed with Baschig rings prior to use. Solvents contained less than 04 rug/100 ml 
residue, and showed no extraneous i.r. absorption bands. These precautions helped to ensure 
that the hydrocarbons were ~nous ~rn~n~ts of the banana leaves and not ante 
unctions. 


