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EXTRACT FROM PLANTS

The present invention relates to methods of extracting long
chain alkanes from plants of the Nicotianeae, extracts of
plant material having high concentrations "of long chain
alkanes, plant material comprising aerial parts that has high
concentrations of long chain alkanes, the use of plants of the
Nicotianeae for long chain alkane production, and use of such
plants for producing long chain alkanes. In particular, the
invention relates to methods of extracting C,6-C33 long chain
alkanes from the aerial parts of Nicotiana glauca, Nicotiana
glauca plant material that has high concentrations of Cy4-Cs3
long chain alkanes in aerial parts, such as leaves, the use of
Nicotiana glauca plants for long chain alkane production,
extracts of Nicotiana glauca plant material that have high
concentrations of Czs-C33 long chain alkanes in aerial parts,
such as leaves, the use of Nicotiana glauca plants for long
chain alkane production and use of Nicotiana glauca aerial

parts for producing Cz6-Css3 long chain alkanes.

With an apparent decline in fossil fuel reserves amid concerns
over global warming due in part to the combustion of fossil
fuels for powering machines, there is a growing global demand
for alternative, preferably renewable, sources of fuels. Many
alternative sources of oils have been proposed and are being

exploited in agriculture, for example, the use of oilseed
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plant species such as Brassica Spp., for example, Brassica
napus and Brassica campestris for the production of oils that
may be used to produce so-called “piofuels”. Other sources of
0il producing and ethanol producing plants that may be used as
sources for biofuel include maize (corn), oil palms such as
Elaeis guineensis and Elaeis oleifera, sunflower, sugar cane,
sugar beet and the like. Most of the plants that are currently
used to produce oils that may be used in bio-diesel generation
can also be genetically engineered to produce higher yields of
0il per unit weight of plant and so are considered as
potentially viable alternative sources of fuels for the modern
world. One of the problems of growing such oilseed plant, oil
palm, and other species is that they are grown on prime arable
land and so the availability of such land may be denied for
the growth of other crops such as food crops. Furthermore,
such o0il producing plants require frequent watering either in
the form of rain or in the form of water supplied through man-
made means. Such plants are typically unable to thrive in arid

or semi-arid areas.

As the human population grows, cities tend to get bigger, and
with their increase in size, so the available arable land area
nearby tends to shrink with the result that land of use for
growing conventional crops at high enough density to sustain

the human population is becoming scarcer. Thus, the amount of



WO 2012/156679 3 PCT/GB2012/000453

arable land on which plants that produce biofuel can grow, is

also diminishing.

Research groups have been experimenting with exotic plants
that are not typically found on conventional arable land to
find suitable species for cultivation. An example of an exotic
plant that has been studied as a source of so-called renewable
biofuel is Ficus Benghalensis (Deshpande et al. EJEAFChe,
7(14), 2008, [2743-2748]), a tree that is common in India and
Asia which produces aerial roots and 1s a member of the
Moraceae. The aerial root extracts are reported to contain a
long chain hydrocarbon extract of 2.99% by weight of dried
aerial root material. However, the extract that is reported by
Deshpande et al. contains a different blend of hydrocarbons to
that of N. Glauca and the reported yield appears to be very
low. Furthermore, only the first fraction of the extract
(containing 19% of the total extract) was analysed by GC-MS
and found to consist of 1long chain hydrocarbons which
indicates that about 0.57% by weight of the aerial root

material consisted of long chain hydrocarbon.

One research group has looked at alkane distribution in the
epicuticular wax of certain plant species (Zygadlo J.A. et al.
Biochemical Systematics and Ecology, Vol. 22, No.2 pp. 203-
209, 1994) with a view to investigating alkane distribution

patterns for use as chemotaxonomic indicators. In this study
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several species of the Solanaceae that occur in Argentina were
examined, including samples of N. Glauca. It is reported that
the highest yield in alkane compositions in percentage dry
weight of leaves was >4.00% in Nierembergia, Petunia, and
Bouchetia species, while the lowest yield in percentage dry
weight of leaves was obtained from inter alia plants of the
Nicotianeae tribe, such as in the species N. Glauca (3.2 -
3.7%), N. Longiflora (3.1%), and N. Tabacum (2.6%). From this
prior art study, although it 1is not focused on the potential
use of such plants for the production of long chain alkanes, a
conclusion that may be drawn is that plants of the Nicotianeae
tribe generally do not appear to be attractive for the

production of such alkanes.

N. glauca, commonly referred to as ‘tree tobacco’ is a member
of the Nicotianeae tribe. It is native to South America and
found widely distributed throughout the Americas and in
temperate regions of Africa, Asia, Oceania and Europe (Curt
and Fernandez, 1990). N. glauca grows well in warm arid and
semi-arid climates on marginal infertile lands, including
sandy ravines, road ditches and dunes (Curt and Fernandez,
supra). N. glauca has been recognised as a potential biofuel
crop as it boasts the following characteristics; (1)
hardiness; (2) high sprouting capacity (67-100% of plants
sprout); (3) large production of above-ground Dbiomass; (4)

high content of non-structural carbohydrates (24.2 and 16.9%
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in stems and leaves on a dry weight (DW) basis) (Curt and
Fernandez, supra). Furthermore, since N. Glauca 1is able to
grow well on land that is not regarded as being arable land,
it can be grown in areas where food crops would not thrive

without irrigation means, 1if at all.

N. glauca is currently under investigation for use in
piocethanol production by Almeria Albaida Recursos Naturales y
Medioambiente, S.A. (Spain), in conjunction with the
Department of Agroenergy of the Polytechnic University of
Madrid and the Cajamar Foundation (Rodriguez, 2009, Cajamar-
Foundation, 2010). Additionally, Abba Gaia S.L. (Spain), which
currently uses N. glauca for phytoremediation purposes, also
appears interested in N. glauca for its potential use a

biofuel (AbbaGaia, 2011).

It has now been found that the production of high-purity long
chain C,¢ to Ci33 saturated hydrocarbons, especially Czg - Cas3
saturated hydrocarbons, 1s possible from fresh Nicotiana
glauca leaves at a level that hitherto is not believed to have
been reported for a leaf extract from a higher plant species.
A high purity extract containing long chain (Cz9—-C33) saturated
hydrocarbons has been achieved from fresh N. glauca leaves at

a level of >4.00% by weight of dried leaf material.
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According to the present invention there is provided an
extract of organic material from a species selected from the
Nicotianeae, wherein the extract of organic material comprises
a mixture of C,e to Cs3 alkanes at a purity of at least 90% by
volume of total extract. The extract may be obtained using any
extraction solvent appropriate for the extraction of 1long
chain alkane species from species of the tribe Nicotianeae,
such as linear carbon backbone solvents, such as 2-methyl
hexane, n-hexane, or n-heptane. Other extraction solvents that
may be employed in the present invention include chloroform,
pentane, cyclopentane, cyclohexane, benzene, toluene, 1;4~
dioxane, diethyl ether, petroleum ether, methyl tertiary
pbutyl ether. Preferably, the extraction solvent 1is one that
may be used to obtain an extract of organic material that
comprises a mixture of Cz¢ to C3; alkanes at a high purity level
of at least 90% by volume of total extract, and preferably a
higher purity level such as at least 91%, 92%, 93%, 94%, or
95%, or any value thereinbetween. Thus, as a further aspect of
the invention there is provided a high purity extract from
fresh N. glauca leaves containing long chain Czg to Ci3 alkanes,
preferably Czs to Css saturated hydrocarbons at a level of
>4.00% by weight of dried leaf material, preferably at a level
of >5.00% by weight of dried 1leaf material, and most
preferably at a level of >6.00% by weight of dried leaf

material or higher, such as herein described.
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Preferably, the extraction solvent used to obtain high purity
extracts of the invention is selected from linear carbon
backbone solvents, such as 2-methyl hexane, n-hexane, and n-
heptane or mixtures thereof. The n-hexane extract of the
invention comprises a mixture of long chain alkane species
including hexacosenol (Cys), nonacosane (Cy9), triacontane
(C30), octacosenol (Czg), nonacosonal (Czs), hentriacontane
(C31), dotriacontane (Csz), and tritriacontane (Cs3).
Preferably, the extract consists essentially of a mixture of
Cs9 — Ci33 alkanes that includes the fcllowing long chain alkane
species: nonacosane (Czq¢), triacontane (Csz), nonacosonal (Czs),
hentriacontane (Cs31), dotriacontane (Ci;), and tritriacontane
(C33) . Preferably still, extracts of the invention consist
essentially of a mixture of Cp9 to C33 alkanes at a purity of at
least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97% or 98% by volume
or any value therein between, such as 91.8%, 95.5%, 96.5%, or

97.8%, of total extract.

Typically, extracts of the invention include a concentration
of hentriacontane of at least 75%, 76%, 77%, 79%, 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 923, 93%,
94%, or 95% or any value therein between, such as 79.8%, 83%,
84.6% or 93.3% and the 1like. Indeed, extracts of the invention

may contain a concentration of hentriacontane of more than 95%

or more of the total extract. Preferably, the concentration of
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hentriacontane is at least 90% of the total extract of an

extract of the invention.

Extracts of the invention may be obtained from species of the
tribe Nicotianeae, such as from N. glauca, N. longiflora and
N. aristata. Preferably, extracts of the invention are
obtained from N. glauca. Suitable extraction procedures may
include using any extraction solvent appropriate to extracting
an extract of the invention from a species of the Nicotianeae
tribe. n-hexane is a preferred extraction solvent for
obtaining extracts of the invention from the species N.

glauca.

In another aspect of the invention there is provided use of a
species of the tribe Nicotianeae, such as a species selected
from N. glauca, N. longiflora and N. aristata, in particular
the species N. glauca in the production of an extract of
organic material therefrom that comprises a mixture of Cy6 to
Cs; alkanes at a purity of at least 90% by volume of total
extract. Preferably, in this aspect of the invention the
extract of the invention consists essentially of a mixture of
Cps to C33 alkane species as shown herein at a purity of a

percentage by volume of total extract as described herein.

Figure 1: Gas chromatographic pattern of hexane extract from

N. glauca leaves containing long chain hydrocarbons.
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There now follow examples and figures that illustrate the
invention. It is to be understood that the teaching of the
examples and figures is not to be construed as limiting the

scope of the invention in any way.

EXAMPLES SECTION

Plant Material

Nicotiana glauca plants were grown 1in 30cm diameter pots
containing M2 professional growing medium (Scotts Levington®) .
Plants were glasshouse-grown, with a daytime temperature of
20-25°C and nocturnal temperature of 15°C. The supplementary
light regime used was a 16 hour light and 8 hour darkness

cycle.

Extraction and GC-MS Analysis of Metabolites

Freshly harvested N. glauca leaves (~200 mg) were submerged in
solvent (methanol, ethanol, chloroform, hexane or petroleum
ether (boiling point 40~60"c or 60-80'c) (5 ml; HPLC grade) for
2 or 20 mins. Leaves were removed and solvents dried
completely by rotor-evaporation. Samples were re-suspended in
hexane (1 ml; HPLC grade). GC-MS analysis was performed on an
Agilent HP6890 gas chromatograph with a 5973MSD. Operating
conditions were as follows; carrier gas, helium with a flow
rate of 0.9ml min!'/11 psi. Samples (1 pl) were injected with a

splitless injector at 280°C. The gas chromatography oven was
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held for 5 min at 70 C before ramping at 4°C/min to 320°C. This
final temperature was held for a further 10 min, making a
total time of 67.5 min. The interface with the MS was set at
280°C and MS performed in full scan mode using 70 eV EI+ and
scanned from 10 to 800 D. Chromatogram components were
initially processed by the automated MS deconvolution and
identification system, and identified using the NIST 98 MS
library. Identification o©of saturated long chain alkane
hydrocarbons was confirmed by comparison of retention times
and classical fragmentation patterns to known authentic
standards (Sigma-Aldrich). Quantitative determination of
hydrocarbons was performed by comparison of integrated peak
areas with dose-response curves (0.07 to 2.5 mg) constructed
from authentic standards. Means and standard error of the
means (SEM) were calculated using Excel software (Microsoft).
All experimentation used a minimum of three Dbiological

replicates.

RESULTS AND DISCUSSION

Hexane extractions were performed for two or twenty minutes
using fresh N. glauca leaves. GC-MS analysis (Figure 1) of the
extracts led to the identification and quantification of a
total of 8 and 9 components, respectively, as listed in Table
1. Each of these components was identified as a long chain
hydrocarbon. Long chain (C;9-C33) saturated alkanes accounted

for 91.8-97.8% of the total components present. The extracts
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appeared to be of a simple nature; no additional components

were ildentified.

No significant difference was observed between the total
amounts of extractable hydrocarbons present in hexane extracts
performed for 2 or 20 minutes (p<0.05) (Table 1). Significant
differences were observed between two components present in
the 2 and 20 minute extracts; octacosenol and hexacosenol. The
apundance of these primary alcohols increased from 0.2 and
0.6% of the total extract composition in 2 min extracts, to

1.4 and 5.1

o

in 20 min extracts, respectively.
Characteristically, plant cell waxes are biosynthesized from
very long chain fatty acids, via two pathways; the alcohol-
forming pathway involved in the production of primary alcohols
and wax esters, and the alkane-forming (decarbonylation)
pathway, giving rise to aldehydes, alkanes, secondary
alcohols, and ketones, which are transported out of the cell
to the leaf surface; reviewed by Kunst and Samuels (2009) .
Interestingly, a study reporting the composition of leaf
cuticular waxes in pea (Pisum sativum) found that adaxial
waxes were characterized by high amounts of primary alcohols

such as hexacosenol and octacosanol, whilst abaxial wax

consisted mainly of alkanes (71%), including hentriacontane
(Gniwotta et al., 2003). It is possible that the increase in

hexacosenol and octacosenol, observed in this study in 20

minute hexane extracts, relative to 2 minute extracts,
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reflects an increase in elution of components from adaxial
waxes of N. glauca leaves, after a longer period of solvent
exposure. A significant difference between the hexane extract
produced from N. glauca relative to those produced from pea
and other reported species, is the lack of additional
characteristic components of cuticle waxes, such as fatty
acids, esters, secondary alcohols, or ketones (Gniwotta et
al., 2005, Shah et al., 2008, Kunst and Samuels, 2009, Samejo
et al., 2010). For example, over 70 compounds were isolated
from total cuticle extracts of pea leaves (Gniwotta et al.,
supra), relative to 9 found in the present work using N.
glauca leaves. Alkanes accounted for less that 40% pea wax
extracts in comparison to 92-97.8% of total leaf extracts from
N. glauca. In a comprehensive study of the composition of the
cuticular wax of N. glauca, even when an entire series of
homologous compounds were combined, neither the fatty acids or
alcohol content, represented greater than 10% of the total wax
load (Cameron et al., 2006). As a consequence, the alkanes
produced from N. glauca can be extracted in a simple manner
and in an almost entirely pure fraction using hexane, without

the regquirement for further refinement of the leaf extract.

The effect of alternative solvent systems on extract
composition was investigated with methanol, ethanol,
chloroform and petroleum ether (boiling point 40-60'c and 60-

80°c) (Table 2). When analysed by GC-MS, methanol and ethanol
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extracts contained no detectable components, most likely due
to the relative low-polarity of both the hydrocarbons and the
solvents. Chloroform and petroleum ether extracts contained a
comparable quantity and composition of long chain hydrocarbons
relative to 2 minute hexane extracts. The primary alcohol,
heptacosonol, was only observed in chloroform extracts. The
dominant hydrocarbon in all solvent extracts was
hentriacontane (Tables 1 and 2). This alkane was also the
dominant hydrocarbon produced in the abaxial wax of pea
leaves; although it accounted for less than 40% of the total
leaf extract, relative to 83-93.3% of the solvent extracts
from N. glauca, reported in the current work. The composition
of hydrocarbons reported for other species appear to be
dominated by tricosane, as observed in; Abies pindrow Royle,

Sambucus nigra L., Glycyrrhiza glabra L., Achillea millefolium

L., Brassica oleracea var. gongylodes L., Pimenta dioica (L.)
Merr. Pimenta racemosa (Mill.) and Tilia (Samejo et al.,
2010) . Low contents of tricosane was found in Ficus

benghalensis (Shah et al., 2008) and in Achillea asplenifolia
(Simic et al., 1999). Tricosane has not been identified in
cuticular waxes of N. glauca (Zygadlo et al., 1994, Cameron et

al., 200e).

The hydrocarbon extracts from N. glauca, produced in this
study, are believed to be novel, both in terms of their purity

and in the simplicity of the method used to obtain them. The
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level of hydrocarbons present in the extracts is greater than
previously reported for any higher plant species. Considerable
variation, in cuticle wax accumulation, has been reported. The
levels of alkanes produced by N. glauca, and reported in the
current work are 6.281 ug mg ' FW. A 200 mg ! FW N. glauca leaf
is ~10cm? therefore in N. glauca the levels of alkanes produced
is ~125.62 yug cm?. B lower quantity of hydrocarbons in the
cuticular wax of N. glauca was reported by Zygadlo et al.,
supra and Cameron et al supra. However, in both the earlier
studies the methods used to both extract and quantify the
hydrocarbons (relative rather than absolute quantification was
used), varied in comparison to the method used in the current
work. Zygadlo et al worked with dried Ileaf material, and
Cameron et al used an alternative solvent system to perform
the extractions. When using dried N. glauca leaf material we
found the level of extractable hydrocarbons was considerably
reduced (unpublished data) relative to fresh tissue. In this
study hexane was selected for the solvent system due to its
high polarity, thus high efficiency for extracting non-polar

long chain hydrocarbons.

Averages of less than 25 ng cm® (total cuticular wax) have been
reported for pea (Pisum sativum), rice (Oryza sativa), oat
(Avena sativa), willow (Salix spp.), hybrid poplar (Populus
spp.), and Arabidopsis (Arabidopsis thaliana) (Bengtson et

al., 1978, Otoole et al., 1979, Hietala et al., 1995, Jenks et
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al., 1995, Cameron et al., 2002, Gniwotta et al., 2005). The
Jeaf cuticular wax loads for cotton (Gossypium hirsutum) and
Sorghum have been reported as 100 and up to 235 ug cr?,
containing 65 and 10% alkanes (65 and 23.5 ng cm’),
respectively (Avato et al., 1984, Premachandra et al., 1994,
Bondada et al., 1996). The levels of hydrocarbons produced by
N. glauca also surpass the levels of hydrocarbons produced by
the Indian tree Ficus benghalensis. In F. benghalensis an
extract relating to 2.99% by weight of dried aerial root
material was fractioned using silica gel. The first fraction
of this extract (containing 19% of the total extract) was
found to consist of hydrocarbons. This was reported to be an
“uncommon” and revolutionary finding, leading to the
speculation that as a new source of hydrocarbons F.
benghalensis may be an efficient biofuel resource (Shah et
al., 2008). In the current study ~6.3 mg g—* FW (fresh welght)
of hydrocarbons was extracted from N. glauca leaves. On a dry
weight (DW) basis this approximates to ~ 63 mg g-1 DW or 6.3%
by weight of the dried material. This vastly exceeds the level
of hydrocarbons produced by F. benghalensis. Additionally, the
extract produced from F. benghalensis required 20 hours of
solvent exposure, compared to 2 minutes required for the N.

glauca extracts here.

A study on the biomass of N. glauca, in relation to irrigation

regime by Curt and Fernandez supra, reported that N. Glauca
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can produce 3.9 tonnes hectare™’ DW of biomass on unfertile
marginal lands, in an arid climate; rainfall 200mm year™®, with
temperatures exceeding 40°C. From this they calculate that 0.9
tonnes of fermentable carbohydrates can be extracted for
bioethanol production. Based on our calculations 0.253 tonnes
of long chain hydrocarbons per hectare™® DW, could also be
extracted. According to the study by Curt and Fernandez supra,
the biomass of N. glauca produced can be increased to 5 tonnes
hectare™ DW, with irrigation (600mm year™®) on relatively
infertile land, thus 1.14 tonnes of fermentable carbohydrates,
and 0.324 tonnes of long chain hydrocarbons could be produced.
Potentially, higher values could be obtained if favourable
growth conditions were used. N. glauca also has a very high
sprouting capacity and potentially two or more cCrops a year
could be cultivated. Additionally, a study examining the
relationship between wax and dehydration stress in N. glauca
by Cameron et al., supra found that the total leaf cuticular
wax load of N. glauca can be increased 1.5- to 2.5~fold with
dehydration stress, without altering the wax composition. As
the plants used in the current work were green house grown and
well irrigated, it is probable that the levels of hydrocarbons
produced could further exceed the values reported here, if the

plants were cultivated on marginal lands in an arid climate.

The dried solvent extracts from N. glauca leaves form a solid

powdery white substance. We propose that this could be a
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suitable renewable feedstock for current petroleum refinery
infrastructure; such as used for fluid catalytic cracking.
This could convert the extracted long chain hydrocarbons to
more valuable gasoline, olefinic gases and other products as
currently used to process the high-molecular weight
hydrocarbon fractions of petroleum crude oils (petroleum-like
hydroprocessing). Production of the hydrocarbon extract from
N. glauca leaves means that the remaining biomass which is
left essentially intact can be used for bioethanol production.
The combination of both biofuel products, coupled with the
ability to cultivate this crop on infertile, arid, marginal
lands, makes N. glauca a promising, source of biofuel.

Table 1: Gas chromatographic and mass spectral data of

components in hexane extracts from N. glauca leaves

P Paak Reterﬁiz;n felecuiar !\-%a%gcgiaf 2 min ex;racft _ 20 min extraci
’ b time fini  Formula ion fnws} Wg mg-1 B (%) g mg-1 EW %

Kexzcessnol 1 62 51 CzaHE20 381 0040 = 302G (055" C307 0031 (51
Nonacosane 2 5300 CagH=EQ 408 0017 2 5.00¢ (0.3} £.022 +0.006 (0.4
Triaconiane 2 8T ET CanHs2 422 0008 +C.CO1 0.1} C.003+ 0001 0. 1)
Cotacosenod 4 52322 CoeHERD 410 001 200641 {C.2)y G082 0017 (143
Nonacosonal 5 SR ED CogHR7l 422 0085 =0 02¢ (1.3} 100027 (1.7
Heniraconane & S5 50 CaqHag 438 BAT1 02424337 2042+ 0478 (23.8)
Dotrizcontans 7 635 Ca2HzEs 450 0007 £ 0000401 2007 £ 0.0C0 0.1
Trisriacontane g £2.40 CaaHas 484 0R24 G030 2T CA61 + D014 (T
Tetal - - - - 5.281 2 G275 100} 2030+ 0.553 {10D)

fpdrocarixon

Total hydrocarbon contents were calculated as the sum of each
component, respectively, as determined by GC-MS analysis.
Values are the average of three measurements from three

o]

biological replicates, *SEM. Values in parenthesis are %
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compositions of accumulative hydrocarbon gquantities. * denotes
a statistically significant difference to between extracts

(p<0.05) .

Table 2: Quantification of long chain hydrocarbons in solvent

extracts from N. glauca leaves as determined by GC-MS

Soivent Hexang Chlorcform PetEth (40-80 ¢ Peibth (§0-80'C)
Compound ugmgt B ugmg' F pamgt B pgmg’ v
Hexacoseno] 0.040 20020 (G H; 0.036 + 0.008 8.6} 0.097 £ G009 (0.3} 0.003 £ 0002 {C.1}
Nonacosang QM7 £ GC4 (0.3 0.024 = 3008 2.5} B.029 = 3.602 (0.6} 0.018 £ 5,001 0.3}
Triaconizne DAOCS + 0001 {3) 0.007 £ 0002401 0.008 + 0000 (0.2} 0.035 £ 5000 {0.1}
Hapiatesonol 0.000 £ 00050 004120013007 0.020 £ 4.605 (0.0} 0.000 £ 5.000 05.0}
Crtacasencl 0011 20011 {0.2) G110 £ 0017 (1.8} 0054 = 0020413 0.081 = 0018 {14}
Nonacosonat 002540 G20 014 D017 £ 0000 {C3) 0000 £ 0000 {U.O‘% 0.000 £ 0.000 C.0%
Heniriacontane AT 0242287 5T122 0830820 4 456 £ 5084 {3330 5150+ 0365{51.d)
Cotriaconiane 0.0C7 2 GC00 G 0.004 £ 0.001 481} 0.004 = 0.001 461 0.006 £ 0.0014C. 1}
Tririzconmana 0.544 G030 4{2.7 0.245 20,038 {4.0; 0.210 £ 0.0%1 (4.2} 0.373 2 0.006 163
Total R 5.209 + 0.285 {103) 4,983 = 0128 (100) 5.691 2 0.412 {100
hydrocarhen 6.281 = 0.272 {106} - T ’ -

Total hydrocarbon contents were calculated as the sum of each
component, respectively, as determined by GC-MS analysis. Values are
the average of three measurements from three biclogical replicates,
+SEM. Values in parenthesis are % compositions of accumulative

hydrocarbon quantities
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CLAIMS

1. An extract of organic material from a species selected from
the Nicotianeae, wherein the extract of organic material
comprises a mixture of Cz¢ to Ciz; alkanes at a purity of at

least 90% by volume of total extract.

2. An extract according to claim 1 that consists essentially

of a mixture of Cz9 ~ Cs33 alkanes.

3. An extract of organic material according to claim 1 that
consists essentially of a mixture of Cyy to Cs; alkanes at a

purity of at least 90% by volume of total extract.

4. An extract according to any one of claims 1 to 3 wherein
the extract of organic material is from species selected from

N. glauca, N. longiflora and N. aristata.

5. An extract according to any one of claims 1 to 4 wherein

the extract of organic material is from the species N. glauca.

6. An extract according to claim 5 wherein the concentration
of hentriacontane in the extract is at least 80% of the total

extract.
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7. An extract according to claim 5 or claim 6 wherein the
concentration of hentriacontane in the extract is at least

90%.

8. Use of a species of the Nicotianeae in the production of an
extract of organic material therefrom that comprises a mixture
of Cys to Cz3 alkanes at a purity of at least 90% by volume of

total extract.

9. Use according to claim 8 wherein the extract of organic
material consists essentially of a mixture of Cyg to Ci;

alkanes.

10. Use according to claim 8 or claim 9 wherein the extract of
organic material consists essentially of a mixture of Cy9 to Csz
alkanes at a purity of at least 95% by volume of total

extract.

11. Use according to any one of claims 8 to 10 of a species of
the tribe Nicotianeae selected from N. glauca, N. longiflora

and N. aristata.

12. Use according to any one of claims 8 to 11 of the species

N. glauca.
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