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ABSTRACT

The present disclosure in general relates to a process for (1)
reducing impurities, i.e. undesirable natural components such
as waxes and undesirable synthetic materials such as agro-
chemicals and other environmental pollutants, or (2) fraction-
ation of natural components present in an essential oil using at
least one selective membrane.
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Figure 1 — Schematic diagram of METcell dead-end filtration system
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Figure 2 — UV absorbance at 432 nm to measure the strength of colour of feed,

permeate and retentate samples from filtration of single-fold orange oil with PuraMem™

S380 membrane.
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Figure 3 — UV absorbance at 432 nm to measure the strength of colour of feed,

permeate and retentate samples from filtration of five-fold orange oil with PuraMem™

8380 membrane.
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Figure 4 — UV absorbance at 720 nm to measure the wax content of feed, permeate and

retentate samples from filtration of five-fold orange oil with PuraMem™ S380 membrane.
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Figure 5 — Schematic diagram of a METcell crossflow filtration system containing four
crossflow filtration cells.
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Figure 6 — Example mass balance of single-fold orange oil fractionation on the basis of

100 kg of orange ail in the feed.
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MEMBRANE-BASED PROCESSES FOR
SELECTIVELY FRACTIONATING
ESSENTIAL OILS

[0001] Thepresent disclosure in general relates to a process
for (1) reducing impurities, i.e. undesirable natural compo-
nents such as waxes and undesirable synthetic materials such
as agrochemicals and other environmental pollutants, or (2)
fractionation of natural components present in an essential oil
using at least one selective nanofiltration membrane.

[0002] Essential oils are produced from plant materials
through three main routes, distillation, extraction with a suit-
able hydrophobic solvent and expression (physical crushing)
depending on the location of the oil within the plant material
and the inherent properties of the oil. In all cases the produc-
tion technique generates a solution containing a mixture of
compounds. In many cases the essential oil must be removed
from a second aqueous phase that is present as a result of the
production process. Furthermore, the valuable components of
the oil must often be further separated from unwanted mate-
rials present in produced oil to generate the final desired
product.

[0003] Essential oils, including citrus oils, contain a broad
range of high value chemical species, many of which have
valued organoleptic properties that are used in the food and
beverage industry, and the flavour and fragrance industry for
example. In many applications the removal of certain natural
and synthetic impurities are a key part of processing the crude
essential oil. Natural impurities include components that
form solid “wax” material either after extended period of
standing or when the oil is cooled, these include but are not
limited to high molecular weight hydrocarbons or esters,
coumarins, sterols, flavonoids, etc. Furthermore, synthetic
impurities that may be present in the crude oil and these
include but are not limited to organic compounds extracted
from packaging materials (e.g. phthalates) and agrochemicals
(e.g. insecticides, fungicides, etc.).

[0004] One of the primary steps in processing many essen-
tial oils is to remove the “wax” (see Industrial Engineering
and Chemistry Research 47 (2008), 9573-9580). The current
state-of-the-art to remove “wax” is a process known as win-
terization. Winterisation is a process known to those skilled in
the art that involves refrigerating the oil to low temperature,
generally in the range —10° C. to —40° C., allowing the wax
crystals to form and grow as the temperature drops, and then
settling the wax crystals under gravity. Due to the slow speed
of'the wax formation and the low density difference between
the solid wax and crude oil, this process can take several
weeks to complete and may be carried out in several stages
(with the different stages optionally operating at different
temperatures). The product from winterization may also be
centrifuged to remove any residual wax. The multi-step
nature of this process, combined with the low temperatures
involved and extended process timescale, make this process
energy intensive and tedious to carry out.

[0005] A further tedious task in processing many essential
oils is the reduction of impurities present in the essential oil.
As the impurities constitute a wide range of chemical species
they cannot be reduced with just one unit operation, so the
current state-of-the-art for removing synthetic impurities is
through a series of independent unit operations that include
use of adsorbents or washing the oil with various aqueous
chemical solutions. Suitable adsorbents are known to those
skilled in the art and include diatomaceous earth, activated
carbons, silicas and resin beads. However, the effectiveness of
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these adsorbents to reduce the synthetic impurities is limited
and may reduce the yield of valuable components. Aqueous
chemical washes only target species in the crude oil that can
be ionized to form salts with components in the aqueous
solution  (for example see  EP0656932  and
US2007237844 A1), these salts are insoluble in the crude
essential oil, and the salt form of the impurity is removed to
the aqueous wash solution—thus reducing the concentration
of the impurity in the crude essential oil. However, this
approach is only efficient for impurity compounds that can be
ionized or can be extracted into an aqueous phase.

[0006] The use of membranes to concentrate the valuable
essential oil components from an aqueous or organic solvent
system has been reported. For example, Peev et al. (Chemical
Engineering Research and Design, 89 (2011), 2236-2243)
discloses the use of organic solvent nanofiltration membranes
for the concentration of a rosmarinic acid extract from lemon
balm. Tylkowski et al. (Journal of Membrane Science 348
(2010), 124-130) report the use of organic solvent nanofiltra-
tion membranes to concentrate an aqueous ethanolic extract
of propolis. This disclosure utilizes the fact that free fatty
acids are more easily dissolved in ethanol than triglycerides to
produce an ethanol extract enriched in free fatty acids. There-
after, a membrane is used for separation of free fatty acids
from the ethanolic extract.

[0007] The processes described above are designed to
purity plant extracts comprising only some components of an
essential oil but not the whole essential oil. Such plant
extracts cannot be compared to feed-stocks comprising the
whole essential oil, i.e. all components of the essential oil.

[0008] Carlson et al. (Journal of Supercritical Fluids 34
(2005), 143-147) disclose the application of reverse osmosis
membranes to separate supercritical carbon dioxide from
limonene. Sarmento et al. (Journal of Membrane Science 237
(2004), 71-76) also report the use of reverse osmosis mem-
branes to concentrate essential oils from supercritical carbon
dioxide. The disclosed reports demonstrate the capacity of
membranes to retain and concentrate essential oils from a
solvent matrix.

[0009] Dupuy et al. (Journal of Membrane Science 378
(2011), 203-213, and Flavour and Fragrance Journal 26
(2011), 192-203) also report the application of membranes in
the form of membrane contactors to provide emulsion-free
extraction of essential oil components from lemon oil into
aqueous ethanolic solutions. In this process, the quality of
separation is governed by the aqueous ethanolic extraction
solvent and not the membrane properties. The membrane
stabilizes the interface between the lemon oil and the aqueous
ethanolic solution.

[0010] The recovery of essential oil aroma compounds
from solid/liquid matrices using membrane technology is
also known. Pervaporation can be applied to recover aroma
compounds under mild conditions (for example Figoli et al.
(Desalination 199 (2006) 111-112 and Desalination, 193
(2005), 160-165).

[0011] Han et al. have applied microfiltration membranes
to the separation of essential oil-water mixtures (Zhongguo
Zhongyao Zazhi 36(1) (2011), 41-44). The separation gener-
ates an aqueous permeate and the essential oil is concentrated
as a second phase in the retentate. Sakamoto et al. (Food
Science and Technology Research, 9(1) (2003), 11-16)
describes a similar separation of a two-phase water/essential
oil mixture using ceramic ultrafiltration and microfiltration
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membranes to generate an aqueous permeate and a retentate
containing a second phase of the essential oil.

[0012] EP2205710 to Givaudan describes a membrane-
based process to dewax citrus oils. The process described in
the patent utilises either ultrafiltration or microfiltration
membranes to remove wax compounds from citrus oils, such
that they do not generate further solid wax when left to stand
at 4 degC. for 48 hours. The citrus oil is chilled to about 10
degC. prior to filtration to enhance the ease with which the
wax compounds can be filtered.

[0013] Essential oils encompass a very broad range of non-
lipid natural oils derived from plant matter, e.g. citrus oils,
rosemary oil, lemongrass oil, lavender oil, eucalyptus oil, etc.
Given the variety of feedstocks, crude essential oils contain
the desired essential oil components (e.g. terpenic hydrocar-
bons, aldehydes, alcohols, esters, etc.) as well as a range of
unwanted impurities—for instance wax compounds (often
associated with the cuticle of the feedstock), agrochemical
residues (from the farming of the feedstock). These unwanted
materials are often challenging or tedious to separate from the
desired compounds and often multi-step, energy-consuming
processes are required to generate the desired products. Fur-
thermore, the most valuable compounds in the essential oil
are often thermally sensitive, and it is a significant challenge
to isolate these compounds at high yield without incurring
thermal damage.

[0014] There thus remains a need in the art for a more
efficient process for remove impurities or fractionate com-
pounds from an essential oil such as a citrus oil.

[0015] Problem of the present invention was therefore to
provide a process for refining essential oils which does not
have the drawbacks of the prior art processes discussed above
or has such drawbacks only to a reduced degree.

[0016] A special problem of the present invention was to
provide a process which may achieve the combined effect of
one, two, three or more of the conventional processing steps
applied to essential oils (for instance dewaxing, colour
removal (adsorption), fractionation, agrochemical removal)
in a single process. The disclosed process should therefore
simplify and/or speed up the production of an essential oil and
potentially improve oil yield and quality.

[0017] Another problem was to provide a flexible process
which allows to remove impurities from an essential oil and/
or to be used for fractionating at least one component of the
oil, resulting in the formation of an enriched concentrate
solution of the at least one natural component. This may lead
to the production of new products.

[0018] A special problem of the present invention was to
provide a process to purify essential oils in a more economical
way from wax and synthetic impurities while avoiding as
much as possible negative effects on the flavour/fragrance
profile of the essential oil product.

[0019] Further special problems are:
[0020] To ensure sufficient high capacities (flow rates)
[0021] To separate flavour/fragrance substances from

synthetic impurities which have a molecular weight in
the same dimension, i.e. 130 to 300 Da.

[0022] To save process steps compared to prior art pro-
cesses.
[0023] To save energy (working at ambient temperature)

[0024] To have a stable process without membrane foul-
ing.
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[0025] Further problems not explicitly described above are
obvious for one skilled in the art in view of the description,
claims, examples and drawings of the present application.

[0026] The problems of the present invention are solved by
a process according to claim 1 of the present invention. Pre-
ferred embodiments are claimed in dependent claims and/or
are described in detail in the subsequent description,
examples and figures.

[0027] In particular the present disclosure relates to a pro-
cess for (1) reducing impurities, i.e. undesirable natural com-
ponents such as waxes and undesirable synthetic materials
such as agrochemicals and other environmental pollutants, or
(2) fractionation of natural components present in an essential
oil comprising (a) optionally mixing the essential oil with an
organic solvent to form a solution; (b) contacting the essential
oil or the solution with at least one selective nanofiltration
membrane, wherein a retentate is formed comprising at least
one compound from the essential oil and a permeate forms
comprising at least one compound from the essential oil such
that the composition of the retentate and permeate solutions is
different; and (c) optionally removing the organic solvent
from the retentate to form a purified oil.

[0028] This solution was not obvious in view of the cited
prior art, in particular in view of Givaudan (EP2205710) who
recommends using ultrafiltration membranes (molecular
weight cut-off in the range 2,000 Da to 2,000,000 Da) or
microfiltration (pore diameter 0.2 micron and larger). Obvi-
ously Givaudan believed that applying nanofiltration would
adversely affect the flavour/fragrance profile of the essential
oil product (the valuable organoleptic compounds are typi-
cally in the molecular weight range 130 to 300 Da). The
inventors of the present invention, however, could show that
this is not the case.

[0029] Another unexpected effect of the present invention
was that nanofiltration membranes have much better dewax-
ing properties compared to ultrafiltration or microfiltration
membranes. The test for successful dewaxing applied by
Givaudan (standing for 48 hours at 4 degC.) is too mild to
define successful dewaxing. Dewaxing a citrus oil with the
process of the invention, versus an ultrafiltration membrane
of Givaudan, when applying a more rigorous —20 degC. dew-
axing test shows, that at =20 degC. a solution from an ultra-
filtration process is cloudy, whereas solutions produced
according to the invention are transparent.

[0030] Another unexpected advantage of the present inven-
tion was that sufficient flux, up to atleast 5L-m~>-h~" could be
realized. This is beneficial for an economic process.

[0031] Thereis no chilling or “winterization” necessary for
the present invention. It is also not necessary to cool the
essential oil solution to 10 degC. or lower. The process of the
invention can be operated at ambient temperature, which
saves time and energy.

[0032] In contrast to the state of the art processes, the pro-
cess of the invention allows to save process steps and even
though synthetic impurities have a molecular weight <500
Da, it allows to simultaneously dewax and remove synthetic
impurities. This is another important and unexpected advan-
tage.

[0033] Itisto be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory only and are not restrictive of the dis-
closure, as claimed.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0034] FIG.1is aschematic ofthe cross-flow nanofiltration
system, as used in Example 1.

[0035] FIG. 2 shows UV absorbance results at 432 nm to
measure the strength of colour of feed, permeate and retentate
samples from filtration of single-fold orange oil with
PuraMem™ S380 membrane.

[0036] FIG. 3 shows UV absorbance values at 432 nm to
measure the strength of colour of feed, permeate and retentate
samples from filtration of five-fold orange oil with
PuraMem™ S380 membrane

[0037] FIG. 4 UV shows absorbance values at 720 nm to
measure the wax content of feed, permeate and retentate
samples from filtration of five-fold orange oil with
PuraMem™ S380 membrane

[0038] FIG. 5 is a schematic diagram of a METcell cross-
flow filtration system containing four crossflow filtration
cells.

[0039] FIG. 6 shows an example mass balance of single-
fold orange oil fractionation on the basis of 100 kg of orange
oil in the feed.

DESCRIPTION

[0040] Particular aspects of the invention are described in
greater detail below. The terms and definitions used in the
present application and as clarified herein are intended to
represent the meaning within the present disclosure. The
patent and scientific literature referred to herein and refer-
enced above is hereby incorporated by reference. The terms
and definitions provided herein, if in conflict with terms and/
or definitions incorporated by reference, are the terms and
definitions that should be used for interpreting the present
disclosure.

[0041] The singular forms “a,” “an,” and “the” include plu-
ral reference unless the context dictates otherwise.

[0042] The terms “approximately” and “about” mean to be
nearly the same as a referenced number or value. As used
herein, the terms “approximately” and “about” should be
generally understood to encompass £30%, preferably £20%,
particular preferred £10% and especially preferred 5% of'a
specified amount, frequency or value.

[0043] The term “essential 0il” as used in this disclosure
shall be taken to mean hydrophobic oils derived from plant
matter, that contain less than 40% by weight, preferably less
than 30% by weight, particular preferred less than 20% by
weight, very particular preferred less than 10% by weight,
especially preferred less than 5% by weight, very especially
preferred less than 1% by weight and most preferred 0% by
weight of lipids or lipid oils. Lipids are compounds based on
fatty acids and derivatives of fatty acids. Lipid oils are defined
to be oils based on fatty acids and derivates of fatty acids (such
as glyceride oils), whereas many essential oils have a base of
terpene hydrocarbons. Examples of essential oils include cit-
rus oils, mint oils, cedarwood oil, eucalyptus oil, clove oil,
etc. Examples of vegetable lipid oils include sunflower oil,
olive oil, peanut oil, soya oil, corn oil, etc. In some embodi-
ments, the term “essential 0il” shall also be taken to encom-
pass mixtures of more than one “essential 0il”.

[0044] In more detail an essential oil is a concentrated,
hydrophobic liquid containing volatile aroma compounds
extracted from plants. Essential oils are composed primarily
of terpenes and of lesser quantities of alcohols, aldehydes,
esters, phenols, and other compounds that impart particular
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odours or flavours. They are usually obtained from plants,
leaves, flowers, roots, buds, twigs, rhizomes, heartwood,
bark, resin, seeds and fruits. Essential Oils are usually found
in special secretory glands or cells within the plants. The
aromatic substances are formed and stored in certain organs
of'a plant as a by-product or because of its metabolism. Each
essential oil contains its own blueprint of chemical entities
that is absolutely unique to that specific oil.
[0045] Different techniques are known to obtain essential
oils from plants. Essential oils as used for feed-stock in the
present invention are produced by distillation, expression, or
solvent extraction with hydrophobic solvents or supercritical
solvents. Essential oils are used in perfumery, aromatherapy,
cosmetics, incense, medicine, household cleaning products,
and for flavouring food and drink. They are valuable com-
modities in the fragrance and food industries. They are not to
be confused with essential fatty acids or with plant extracts
prepared with more polar solvents comprising only the more
polar components of the essential oil.
[0046] In a first preferred embodiment of the invention
essential oils are oils according to ISO 9235, i.e. are products
obtained from a natural raw material of plant origin:

[0047] either by steam distillation;

[0048] or by mechanical processes from the epicarp of
Citrus fruits;

[0049] or by dry distillation
after separation of the aqueous phase, if any, by physical
processes.
[0050] In a second preferred embodiment of the present
invention, essential oils encompass the essential oils accord-
ing to the first preferred embodiment and also essential oils
that may be obtained by mechanical expression from plants
material other than Citrus fruits.
[0051] In a third preferred embodiments of the present
invention, essential oils encompass the essential oils of the
first and second preferred embodiment and also essential oils
that are obtained by extraction of the plant material with
supercritical solvents, preferably supercritical CO,.

[0052] In a fourth preferred embodiments of the present
invention, essential oils encompass the essential oils of the
first, second and third preferred embodiment and also essen-
tial oils that are obtained by extraction of plants with a non
polar solvent, i.e. a solvent with a dielectric constant, mea-
sured as the ratio of the electrical capacity of a capacitor filled
with the solvent to the electrical capacity of the evacuated
capacitor (at room temperature), of less than or equal to 15,
preferably less than or equal to 10, particular preferred less
than or equal to 5 and very particular preferred less than or
equal to 3. List of dielectric constants of solvents are for
example available A. Maryott et al., “Table of Dielectric
Constants of Pure Liquids™, United States Department of
Commerce, National Bureau of Standards Circular 514,
1951.

[0053] In the third and fourth preferred embodiment of the
present invention crude products are obtained after extraction
of'the plant material with the non-polar solvent. In many cases
these extracts are called “concrete” and may contain signifi-
cantamounts of waxes, resins and other lipophilic plant mate-
rial. The concrete may directly be dissolved in an organic
solvent and used for the process of the present invention; it
may on the other hand be further treated in mechanical or
extractive purification steps to obtain an organic essential oil
solution that is used in the present invention.
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[0054] In general crude essential oils or pre-purified essen-
tial oil obtained by the processes described above can be used
as feed-stock for the process of the present invention.

[0055] The term “fatty acid(s)” includes for example short-
chain and long-chain saturated and unsaturated (e.g.,
monounsaturated and polyunsaturated) hydrocarbons com-
prising one carboxylic acid group. Derivatives of fatty acids
include fatty acid esters, glycerides, phosphoesters, etc.
[0056] The term “fractionation” as used in this disclosure
shall be understood to mean that the concentration of a given
species in solution is different in the retentate and permeate
solutions generated by applying the process described herein.
It will be understood by one skilled in the art that this means
a given species could “fractionate” into either the permeate or
retentate solutions, and furthermore that “fractionation” as
defined here can incorporate enrichment, depletion, complete
removal and complete capture of a species in either the reten-
tate of permeate solutions.

[0057] The term “nanofiltration” as used in this disclosure
shall be taken to mean a synthetic membrane that provides a
nominal molecular weight cut-offin the range 150 g-mol~" to
1,500 g-mol™', where nominal molecular weight cut-off
means the molecular weight at which the membrane provides
a 90% rejection of a series of polystyrene oligomers (for
example polystyrene polymer standards nominal Mp of'1,000
(part number P1.2012-3010) and nominal Mp 580 (part num-
ber PL.2012-2010) from Agilent Technologies) according to
the method described in See Toh et al, (Journal of Membrane
Science, 291(1-2) (2007), 120-125). Nanofiltration mem-
branes differ from ultrafiltration membranes (molecular
weight cut-off in the range 2,000 Da to 2,000,000 Da) and
microfiltration membranes (pore diameter 0.2 micron and
larger).

[0058] The term “natural impurity” as used in this disclo-
sure shall be taken to mean any chemical species that is
naturally occurring in the feedstock, but which is not a desired
species in the final form of the essential oil. Typical examples
can include waxes (as they may lead to undesirable cloudi-
ness in the oil product), colour compounds (which may not be
desired if the oil is to be blended into a product of a different
colour), sterols and vitamins.

[0059] The term “rejection” is defined by equation (1),
where C,, is the concentration of species i in the permeate
solution, “permeate” being the liquid which has passed
through the membrane, and Cg, is the concentration of species
i in the retentate solution, “retentate” being the liquid which
has not passed through the membrane. It will be understood
by one skilled in the art that a rejection of 0% implies that the
membrane offers no separation of species i, and a rejection of
100% implies that species i is completely retained. It will be
further recognised by one skilled in the art that provide the
rejection of species A does not equal the rejection of species
B then the species can be fractionated, as defined herein.

Ch 1
R;=(1——P]><100% M
Cpi

[0060] The term “synthetic impurity” as used in this disclo-
sure shall be taken to mean any chemical species that is not
naturally occurring in the feedstock from which the essential
oil is produced. It will be understood by one skilled in the art
that synthetic impurity can incorporate both man-made and
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naturally occurring compounds that are applied as agro-
chemicals or are present as environmental pollutants.

[0061] The term “waxes” as used in this disclosure shall be
taken to mean naturally occurring species in the essential oil
that are able to impart cloudiness to the oil product at tem-
peratures below 20 degC. Typical wax compounds found in
essential oils include long-chain aliphatic hydrocarbons
(typically C14 or longer), long-chain alcohols (typically C14
or longer), and related ketones, aldehydes, acids, diols, etc.,
and coumarins, sterols, flavonoids.

Essential Oils

[0062] The term essential oil has already been defined in
paragraphs 38 to 46 above. In subsequent paragraphs more
details about the essential oils and their use are provided.
[0063] An essential oil according to the present disclosure
is derived from plant matter. In some embodiments of the
present disclosure, the essential oil may comprise of a mix-
ture of more than one essential oil. The essential oil may
derive from several different parts of the plant, including by
way of non-limiting example berries, seeds, bark, wood, rhi-
zome, leaves, resin, flowers, peel and root.

[0064] Preferred essential oils are derived from the genus
Citrus. Particular preferred essential oils are selected from
oils deriving from sweet orange, orange, lemon, lime, grape-
fruit, bergamot, key lime, pomelo, citron, mandarin, tanger-
ine, bitter orange, rangpur, Persian lime, Clementine, yuzu,
kaffir lime, ugli.

[0065] Essential oils include by way of non-limiting
example allspice oil, juniper oil, cumin oil, cinnamon bark
oil, camphor oil, rosewood oil, ginger oil, basil oil, eucalyptus
oil, lemongrass oil, peppermint oil, rosemary oil, spearmint
oil, tea tree oil, frankincense oil, chamomile oil, clove oil,
jasmine oil, lavender oil, rose oil, ylang ylang oil, bergamot
oil, grapefruit oil, lemon oil, lime oil, orange oil, and valerian
oil.

[0066] Essential oils are a rich source of a wide variety of
natural compounds that have found numerous applications.
Bakkali et al. (Food and Chemical Toxicology 46 (2008)
446-475) review the many uses of essential oils—these
include bactericidal, virucidal, fungicidal, antiparasitical,
insecticidal, medicinal, cosmetic, and flavour/fragrance
applications. For example, many components in essential oils
alter the composition of the cell wall of common bacterial/
fungal pathogens which may be lethal to the microorganism
or make it much easier for other antimicrobial compounds to
function. A further example of the benefits of essential oils
includes their antioxidant and prooxidant capabilities, which
can help protect cells but also eliminate damaged cells
through enhancing apoptosis.

[0067] A number of essential oils also contain compounds
with potent pharmaceutical activities. These include artemisi-
nin, which is an anitmalarial compound derived from Arte-
misia annua, hyperforin, which is an antidepressant drug
derived from Hypericum perforatum, as well as various ste-
rols (“Supercritical Fluid Extraction of Nutraceuticals and
Bioactive Compounds”, ed. J. L.. Martinez (2008) ISBN 978-
0-8493-7089-2).

[0068] Other essential oils primarily have their use as
sources of compounds for flavour/fragrance applications.
These are primarily the citrus oils such as the orange oils,
lemon oil, lime oil, bergamot oil, etc. but also oils such as
lavender oil and rose oil are used in these applications.
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Membrane

[0069] Suitable selective membranes for use according to
the present disclosure include polymeric and ceramic mem-
branes, and mixed polymeric/inorganic membranes.

[0070] The at least one selective membrane used in the
process of the present invention may be formed from any
polymeric or ceramic material which provides a separating
layer capable of fractionating the essential oil content or
separating the desired essential oil content from at least one
natural and/or synthetic impurity present in the essential oil.
For example, the at least one selective membrane may be
formed from or comprise a material chosen from polymeric
materials suitable for fabricating nanofiltration membranes,
including preferably polyethylene, polypropylene, polytet-
rafluoroethylene (PTFE), polyvinylidene difluoride (PVDF),
polysulfone, polyethersulfone, polyacrylonitrile, polyamide,
polyimide, polyamideimide, polyetherimide, cellulose
acetate, polyaniline, polypyrrole, polyetheretherketone
(PEEK), polybenzimidazole, and mixtures thereof. The at
least one selective membrane can be made by any technique
known to the art, including sintering, stretching, track etch-
ing, template leaching, interfacial polymerization, or phase
inversion. In a preferred embodiment the at least one selective
membrane may be crosslinked or treated so as to improve its
stability in the reaction solvents. For example, by way of
non-limiting example, the membranes described in
(GB2437519, the contents of which are incorporated herein by
reference, may be used in this disclosure.

[0071] In a further preferred embodiment, the at least one
selective membrane is a crosslinked or none crosslinked com-
posite material comprising a support and a thin, selectively
permeable layer. The thin, selectively permeable layer may,
for example, be formed from or comprise a material chosen
from modified polysiloxane based elastomers including poly-
dimethylsiloxane (PDMS) based elastomers, ethylene-pro-
pylene diene (EPDM) based elastomers, polynorbornene
based elastomers, polyoctenamer based elastomers, polyure-
thane based elastomers, butadiene and nitrile butadiene rub-
ber based elastomers, natural rubber, butyl rubber based elas-
tomers, polychloroprene (Neoprene) based elastomers,
epichlorohydrin elastomers, polyacrylate elastomers, poly-
ethylene, polypropylene, polytetrafluoroethylene (PTFE),
polyvinylidene difluoride (PVDF) based elastomers, poly-
etherblock amides (PEBAX), polyurethane elastomers,
crosslinked polyether, polyamide, polyaniline, polypyrrole,
and mixtures thereof.

[0072] In an especially preferred embodiment of the
present invention at least one selective nanofiltration mem-
brane or nanofiltration composite membrane is used compris-
ing a polyimide, particular preferred is a polyimide subject to
post-formation crosslinking and impregnation with a low
volatility compound. Very particularly preferred are polyim-
ides according to GB2437519 and Soroko et al. (Journal of
Membrane Science, 381(1-2) (2011), 152-162) the contents
of which are incorporated herein by reference.

[0073] Particularly preferred are silicone-coated organic
solvent nanofiltration membranes especially on the basis of
polyimide nanofiltration membranes. Most particular pre-
ferred membranes as for example described in DE10 2009 07
351 or disclosed in International Patent Application
W02012010889, the contents of which are incorporated
herein by reference, may be used in this disclosure. The
inventors found out that especially when using silicone-
coated organic solvent nanofiltration membranes dewaxing
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and reduction in concentration of certain synthetic impurities
can be performed at ambient and above-ambient temperature
conditions without the membrane fouling or the organoleptic
properties of the essential oil being affected.

[0074] Without being bound to any theory, the inventors are
of'the opinion, that the silicone coating minimizes deposition
of' waxy compounds on the membrane surface, thus minimiz-
ing fouling which leads to stable membrane performance over
time.

[0075] Another advantage, that silicone coated membranes
seem to achieve compared to uncoated membranes is, that the
solution-diffusion nature of mass transport in silicone coat-
ings means that these membranes offer discrimination
between the essential oil components and certain synthetic
impurities of similar molecular weight that is not achieved to
this degree with phase inversion membranes.

[0076] In another embodiment, the at least one selective
membrane is prepared from an inorganic material such as, for
example, silicon carbide, silicon oxide, zirconium oxide, tita-
nium oxide, and zeolites, using any technique known to those
skilled in the art such as sintering, leaching, or sol-gel pro-
cessing.

[0077] In a further embodiment, the at least one selective
membrane comprises a polymer membrane with dispersed
organic or inorganic matrices in the form of powdered solids
present at amounts up to 20 wt % of the polymer membrane.
Carbon molecular sieve matrices can be prepared by pyroly-
sis of any suitable material as described in U.S. Pat. No.
6,585,802. Zeolites as described in U.S. Pat. No. 6,755,900
may also be used as an inorganic matrix. Metal oxides, for
example, titanium dioxide, zinc oxide, and silicon dioxide
may be used, such as the materials available from Evonik
Industries AG (Germany) under their AEROSIL and
ADNANO trademarks. Mixed metal oxides such as mixtures
of cerium, zirconium, and magnesium may also be used. In at
least one embodiment, the matrices will be particles less than
1.0 micron in diameter, for example less than 0.1 microns in
diameter, such as less than 0.01 microns in diameter.

[0078] Itis particularly preferred in all embodiments of the
present invention that at least one selective membrane having
amolecular weight cut-off ranging from about 150 g-mol~" to
about 1,500 g-mol~*, preferably from about 200 g-mol™ to
about 800 g-mol~! and particular 200 g-mol™* to less than or
equal to 600 g-mol~* is used in the process of the invention.
[0079] In a special embodiment more than one membrane
respectively more than one membrane separation step are
comprised in the process of the invention. In this special
embodiment it is particularly preferred that two different
membranes having two different molecular weight cut-offs
are used. Very particularly preferred at least one membrane
having a molecular weight cut off between 400 g-mol~* and
1500 g-mol™, especially between 500 g:mol™' and 800
g-mol~" and at least one membrane with a different molecular
weight cut-off between 150 g'mol™" and 600 g-mol™, espe-
cially between 200 g-mol~" and 500 g-mol™" are used. That
the ranges mentioned before overlap does not mean that the
membranes are identical, in contrast, it has to be understood
that a membrane having a molecular weight cut-off of 400
g-mol™* can be combined with a membrane having a molecu-
lar weight cut-off of 600 g-mol ™.

Impurities

[0080] Essential oils may contain undesirable natural
impurities or undesirable synthetic impurities, that must be
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removed from the essential oil for its’ desired use. The dis-
closed method can effectively remove a wide range of natural
and synthetic impurities, thereby producing oils suitable for
their desired applications.

[0081] The process disclosed herein describes separating
impurities from an essential oil, resulting in oil having impu-
rity levels within desired and/or regulatory limits for, for
instance, human consumption.

[0082] The concentration and composition of the impuri-
ties found in the essential oil can vary. For example, an essen-
tial oil composition may vary based on species from which
the oil derives part of the plant from which the oil derives
geographical location where the plant is grown, harvesting
season, etc. In some instances, the targeted impurities may be
absent or below the detection limit, but if the oil is concen-
trated, the impurities may also be concentrated.

[0083] The impurities present in the essential oil may be
natural or synthetic impurities such as, by way of non-limit-
ing example, environmental pollutants, agrochemical resi-
dues, extractables from packaging, plant sterols, lipohilic
hormones, waxes, coloured components, oxidation products,
vitamins, and components that create unwanted smell and
taste in the oil, such as aldehydes and/or ketones. In at least
one embodiment, the removal of coloured components results
in an oil having improved colour, and removal of components
that create unwanted smell and taste result in an oil having an
improved organoleptic profile.

[0084] The term “environmental pollutants™ includes, but
is not limited to, for example, polychlorinated biphenyls
(PCBs), polybrominated diphenyl ethers (PBDEs), polycy-
clic aromatic hydrocarbons (PAHs), hexachlorocyclohexanes
(HCHs), dichlorodiphenyltrichloroethane (DDT), dioxins,
furans, non-ortho-PCBs, and metals.

[0085] The term “agrochemical residues” includes by way
of non-limiting example, pesticides and their breakdown
products. Chlorinated pesticides includes, for example, lin-
dane, endrin, dieldrin, aldrin, isodrin, heptachlor-exo-ep-
oxide, heptachlor-endo-epoxide, trans-chlordane, cis-chlor-
dane, oxy-chlordane, chlordane, heptachlor, endosulfan-1,
and mirex. Other types of pesticide include organophospho-
rous pesticides, such as by way of non-limiting example
parathion, malathion, methyl parathion, chlorpyrifos, diazi-
non, dichlorvos, phosmet, fenitrothion tetrachlorvinphos, and
azinphos methyl, and carbamate pesticids, such as by way of
non-limiting example aldicarb, carbofuran (Furadan), car-
baryl (Sevin), ethienocarb, and fenobucarb.

[0086] “Natural impurities” may include by way of non-
limiting example, sterols, lipophilic hormones, and natural
colours, for instance belonging to the carotenoids.

[0087] Extractables from packaging may include by way of
non-limiting example compounds such as plasticisers (e.g.
phthalates), unbound resin components, unbound oligomeric
material from polymers, lubricants, etc.

Process for Reducing Impurities and Process for Partitioning
Natural Component(s)

[0088] Some embodiments of the present disclosure relate
to aprocess for reducing impurities from an essential oil using
at least one selective membrane. Additionally, some embodi-
ments of the present disclosure relate to a process for frac-
tionating at least one natural component from an essential oil
using at least one selective membrane

[0089] According to one embodiment, fractionation of the
undesirable natural and synthetic impurities may be achieved
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through contacting the oil solution with at least one selective
membrane that retains the undesirable impurities, i.e., in the
form of a retentate, and allows permeation of the desired
essential oil compounds, i.e., in the form of a permeate.
Content permeates through the membrane due to, e.g., a
trans-membrane pressure. In at least one embodiment, the
trans-membrane pressure ranges from 1 to 100 bar. Preferably
the trans-membrane pressure may range from 5 to 75 bar,
particular preferred 10 to 60 bar.

[0090] Fractionation of the essential oil may be achieved
through contacting the oil solution with at least one selective
membrane. The essential oil is then fractionated with at least
one species having a different concentration in the retentate
solution than in the permeate solution. Content permeates
through the membrane due to, e.g., a trans-membrane pres-
sure. In at least one embodiment, the trans-membrane pres-
sure ranges from 1 to 100 bar. Preferably the trans-membrane
pressure may range from 5 to 75 bar, particular preferred 10 to
60 bar.

[0091] According to a further embodiment, the essential oil
is mixed with an organic solvent to form a homogeneous
solution of 0il and solvent. The mixing may be achieved by
any technique known to one skilled in the art, such as, for
example, via static inline mixer, dynamic inline mixer, and/or
mixing vessel containing a mechanical stirrer. Preferably, the
solution may contain the essential oil in an amount ranging
from 1 to 95% v/v, particularly preferred from 5 to 50% v/v.
[0092] The term “organic solvent” when applied to the
solvents used to prepare the mixture of essential oil and
organic solvent includes, for example, an organic liquid with
molecular weight less than 300 Daltons. The term “solvent”
includes a mixture of organic solvents, as well as a mixture of
organic solvents and water.

[0093] Preferred examples are, solvents including aromatic
hydrocarbons, aliphatic hydrocarbons, ketones, glycols,
chlorinated solvents, esters, ethers, amines, nitriles, alde-
hydes, alcohols, phenols, amides, carboxylic acids, alcohols,
furans, lactones and dipolar aprotic solvents, and mixtures
thereof and with water.

[0094] Other preferred examples are, solvents including
toluene, xylene, benzene, styrene, anisole, chlorobenzene,
dichlorobenzene, chloroform, dichloromethane, dichloroet-
hane, methyl acetate, ethyl acetate, isopropyl acetate, butyl
acetate, methyl ether ketone (MEK), methyl iso butyl ketone
(MIBK), acetone, ethylene glycols, ethanol, methanol, iso-
propanol, propanol, butanol, hexane, heptane, cyclohexane,
dimethoxyethane, methyl tert butyl ether (MTBE), diethyl
ether, adiponitrile, N,N dimethylformamide, dimethylsulfox-
ide, N,N dimethylacetamide, dioxane, nitromethane,
nitrobenzene, pyridine, carbon disulfide, tetrahydrofuran,
methyl-tetrahydrofuran, N-methyl pyrrolidone, N-ethyl pyr-
rolidone, acetonitrile, and mixtures thereof and with water.
[0095] Particular preferred solvents are selected from the
group consisting of methanol, ethanol, isopropanol, ethyl
acetate, acetone, hexane, heptane, ethylene glycols, and mix-
tures thereof and with water.

[0096] Reduction of the undesirable natural and synthetic
impurities may be achieved through contacting the solvent-
oil solution or the essential oil with at least one selective
nanofiltration membrane that retains the undesirable impuri-
ties, i.e., in the form of a retentate, and allows permeation of
the desired essential oil compounds, i.e., in the form of a
permeate. Content permeates through the membrane due to,
e.g., a trans-membrane pressure. In at least one embodiment,
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the trans-membrane pressure ranges from 1 to 100 bar. Pref-
erably, the trans-membrane pressure may range from 5 to 75
bar, particularly preferred 10 to 60 bar.

[0097] Fractionation of the essential oil may be achieved
through contacting the solvent-oil solution with at least one
selective nanofiltration membrane. The essential oil is then
fractionated with at least one species having a different con-
centration in the retentate solution than in the permeate solu-
tion. Content permeates through the membrane due to, e.g., a
trans-membrane pressure. In at least one embodiment, the
trans-membrane pressure ranges from 1 to 100 bar. Preferably
the trans-membrane pressure may range from 5 to 75 bar,
particularly preferred 10 to 60 bar.

[0098] Inone aspect, the present disclosure provides a pro-
cess for reducing natural impurities (e.g. waxes, oxidation
products, and colored components) and synthetic impurities
(e.g. agrochemical residues, packaging extractables, etc.)
present in an essential oil by applying membrane nanofiltra-
tion, comprising the steps of: (i) providing an essential oil; (ii)
providing at least one selectively permeable nanofiltration
membrane having a first surface and a second surface; (iii)
separating the oil from the impurities by transferring the
essential oil from the first surface to the second surface across
the at least one nanofiltration membrane(s) through contact-
ing the essential oil with the first surface, wherein the pressure
at the first surface is greater than the pressure at the second
surface, and wherein the membrane(s) is/are selectively per-
meable membrane(s) such that the membrane rejection (R,,,,,,)
of the impurities is greater than the rejection (R ;,) of the oil
species.

[0099] In a further aspect, the present disclosure provides a
process for reducing natural impurities (e.g. waxes, oxidation
products, and colored components) and synthetic impurities
(e.g. agrochemical residues, packaging extractables, etc.)
present in a solution of a solvent and an essential oil by
applying membrane nanofiltration, comprising the steps of:
(1) providing a homogeneous solution of an organic solvent
and an essential oil; (ii) providing at least one selectively
permeable nanofiltration membrane having a first surface and
a second surface; (iii) separating the oil solution from the
impurities by transferring the essential oil solution from the
first surface to the second surface across the at least one
nanofiltration membranes through contacting the essential oil
solution with the first surface, wherein the pressure at the first
surface is greater than the pressure at the second surface, and
wherein the membrane(s) is/are selectively permeable mem-
brane(s) such that the membrane rejection (R,,,,,,) of the impu-

imp.
rities is greater than the rejection (R_,,) of the oil species.

[0100] Thedisclosed method can also be used to fractionate
at least one natural component in the essential oil, such as one
or more of the terpenic or oxygenated components of the
essential oil, fat soluble vitamins, plant sterols, and/or colored
components, using the disclosed selective nanofiltration
membranes, resulting in the formation of a concentrate com-
prising the at least one natural component at a higher concen-
tration than in the essential oil feedstock. The fractionation is
carried out by applying membrane nanofiltration, comprising
the steps of: (i) providing an essential oil; (ii) providing at
least one selectively permeable nanofiltration membrane hav-
ing a first surface and a second surface; (iii) separating the one
or more components to be fractionated from the other com-
ponents of the essential oil from by passing components from
the first surface to the second surface across at least one
nanofiltration membrane by contacting the essential oil with
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the first surface, wherein the pressure at the first surface is
greater than the pressure at the second surface, and wherein
the nanofiltration membrane(s) is/are selectively permeable
membrane(s) such that the membrane rejection (R,,,,,) of the
components to be fractionated does not equal the rejection
(R,,) of the other oil components.

[0101] In a further embodiment, the disclosed method can
also be used to fractionate at least one natural component in
the essential oil, such as one or more of the terpenic or
oxygenated components of the essential oil, fat soluble vita-
mins, plant sterols, and/or colored components, using the
disclosed selective nanofiltration membranes, resulting in the
formation of a concentrate comprising the at least one natural
component at a higher concentration than in the essential oil
feedstock wherein the essential oil is dissolved in an organic
solvent. The fractionation is carried out by applying mem-
brane nanofiltration, comprising the steps of: (i) providing a
solution of an organic solvent and an essential oil; (ii) pro-
viding at least one selectively permeable nanofiltration mem-
brane having a first surface and a second surface; (iii) sepa-
rating the one or more components to be fractionated from the
other components of the essential oil solution by passing
components from the first surface to the second surface across
at least one nanofiltration membrane by contacting the essen-
tial oil solution with the first surface, wherein the pressure at
the first surface is greater than the pressure at the second
surface, and wherein the nanofiltration membrane(s) is/are
selectively permeable membrane(s) such that the membrane
rejection (R,,,,) of the components to be fractionated does
not equal the rejection (R,;,) of the other oil components.

[0102] In a further embodiment, the process of the inven-
tion comprises subjecting the retentate oil or solution and/or
the permeate oil or solution to at least one additional process-
ing step, preferably at least one further membrane separation
step.

[0103] In a particular preferred embodiment, the process
disclosed herein can be applied in multiple stages. By way of
non-limiting example, a second stage further comprises pro-
viding the retentate from a first filtration that has been carried
out to reduce the concentration of an impurity; passing the
first retentate solution across at least one further selective
membrane, preferably also a nanofiltration membrane,
wherein a second retentate and a second permeate are formed
wherein further impurity reduction has been carried out. In
yet another embodiment, the process disclosed herein further
comprises providing the permeate from a first filtration that
has been carried out to reduce the concentration of an impu-
rity; and passing the permeate solution across at least one
further selective membrane, preferably also a nanofiltration
membrane, wherein a second retentate and a second permeate
are formed wherein further impurity reduction has been car-
ried out

[0104] Optionally, the processed essential oil may be
treated with at least one adsorption process to remove addi-
tional components and/or remaining impurities. By way of
non-limiting example, the processed essential oil is treated
with activated carbon, which, for example, may remove fur-
ther environmental pollutants present in the essential oil. In
further additional steps, the essential oil may be subject to
additional separation processes to enhance the fractionation
or remove additional impurities. Additional purification pro-
cesses may include, for example, liquid-liquid extraction pro-
cesses, fractional distillation, high pressure liquid chroma-

oil.
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tography, supercritical chromatography, or resin or ion
exchange adsorption depending on the application.

[0105] Components of some essential oils are known to be
vulnerable to thermal degradation. Compared to other known
methods for the removal of natural and synthetic impurities,
the method disclosed herein may be performed effectively at
near-ambient or sub-ambient temperature conditions. Many
of the other known methods of impurity removal involve
higher temperatures, which may be harmful to the thermally-
sensitive components, i.e. the thermally-sensitive compo-
nents are converted to different chemical species which
reduces their yield and may also change the organoleptic
properties or efficacy of the essential oil. The process of the
present invention can preferably be carried out at 10 to 50
degC.

[0106] Itwill be understood by one skilled in the art that the
disclosed method also relates to a process for reducing the
amount of at least one component in an essential oil compo-
sition thus generating a concentrate of the at least one com-
ponent. The resulting concentrate(s) comprising at least one
desired natural component may be used directly as a product
in its own right, or it can be used as an intermediate that is
subject to further separation processes, such as for instance
chromatographic methods or crystallisation.

[0107] Itwill be understood by one skilled in the art that the
embodiments described above are not limiting examples and
within the spirit of this disclosure the embodiments can also
be combined and applied in different sequences to achieve a
desired product essential oil composition.

Resulting Composition(s)

[0108] The present disclosure also relates to compositions
resulting from the process disclosed herein. Such composi-
tions may include the retentate, the purified oil, and/or the
permeate material.

[0109] For instance, in at least one embodiment, the dis-
closed process produces dewaxed essential oil. In at least one
other embodiment, the disclosed process produces a 90%
reduction in at least one impurity, for example agrochemical
residues, relative to the feed essential oil.

[0110] In a further embodiment, the colour of the essential
oil is reduced for example from brown to pale yellow.

[0111] In yet another embodiment, the essential oil is pro-
cessed to reduce the concentration of impurities in the oil. In
such an embodiment, the disclosed process may produce a
composition, such as the retentate, comprising an increased
concentration of at least one of plant sterols, fumarocumarins,
hormones, and natural colours, such as beta-carotene, com-
pared to the feed essential oil.

[0112] In yet another embodiment, the essential oil is pro-
cessed to fractionate a component of the essential oil. In such
an embodiment, the disclosed process may produce a com-
position, such as the retentate, comprising an increased con-
centration of at least one of the components of the essential oil
such as a-,f-sinensal or nootkatone, compared to the feed
essential oil.

[0113] The examples disclosed below are provided for a
deeper understanding and clarification of the present inven-
tion. They, however, may not be construed to restrict the scope
of the invention in any way
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EXAMPLES
Example 1

Colour Removal from Single-Fold Orange Oil

[0114] A dead-end METecell filtration cell (Evonik Mem-
brane Extraction Technology Ltd, UK) containing a coupon
of PuraMem™ S380 organic solvent nanofiltration mem-
brane (Evonik Membrane Extraction Technology Ltd., UK)
was used for this experiment—see FIG. 1 for a schematic
diagram of the METcell dead-end filtration system.
PuraMem™ S380 is a silicone-coated membrane prepared
according to DE10 2009 047 351 with a nominal molecular
weight cut-off of 600 g:mol~'. The membrane was made
ready for use by filtering 200 mL of limonene (Sigma-Ald-
rich, Germany) at ambient temperature and 30 bar filtration
pressure to remove the conditioning agent (preservative) from
the PuraMem™ S380 membrane.

[0115] Once the membrane was ready, the filtration cell
was emptied and refilled with 100 mL of single-fold orange
oil. The single-fold orange oil was filtered at a temperature of
30degC. and filtration pressure of 30 bar. 75 mL ofthe oil was
permeated and collected in 25 mL aliquots.

[0116] The strength of colour of the orange oil samples was
determined using a UV spectrophotometer to measure the
absorbance at a wavelength of 432 nm. FIG. 2 shows the
measured UV absorbance of the feed oil, the retained portion
of'the orange oil and the three permeate aliquots. The strength
of colour in the permeate samples was reduced from approxi-
mately 16 absorbance units in the feed oil to approximately 1
absorbance unit in the permeate samples. Concomitantly the
strength of colour in the retentate increased from approxi-
mately 16 absorbance units to 23 absorbance units, which is
consistent with only a small proportion of the coloured com-
pounds being transported through the membrane during the
filtration. These results demonstrate the potential to reduce
the colour of essential oils, including citrus oils, especially
orange oil.

Example 2

Colour Removal from Five-Fold Orange Oil

[0117] A dead-end METecell filtration cell (Evonik Mem-
brane Extraction Technology Ltd, UK) containing a coupon
of PuraMem™ S380 organic solvent nanofiltration mem-
brane (Evonik Membrane Extraction Technology Ltd., UK)
was used for this experiment—see FIG. 1 for a schematic
diagram of the METcell dead-end filtration system.
PuraMem™ S380 is a silicone-coated membrane prepared
according to DE10 2009 047 351 with a nominal molecular
weight cut-off of 600 g:mol~'. The membrane was made
ready for use by filtering 200 mL of limonene (Sigma-Ald-
rich, Germany) at ambient temperature and 30 bar filtration
pressure to remove the conditioning agent (preservative) from
the PuraMem™ S380 membrane.

[0118] Once the membrane was ready, the filtration cell
was emptied and refilled with 100 mL of five-fold orange oil.
The five-fold orange oil was filtered at a temperature of 30
degC. and filtration pressure of 30 bar. 65 mL of the oil was
permeated; the first 25 ml permeate was collected as one
aliquot “Permeate 1”; the next 20 mL of permeate was col-
lected as a second aliquot (“Permeate 27), and; the next 20 mL.
was collected as the third and final aliquot (“Permeate 37).
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[0119] The strength of colour of the orange oil samples was
determined using a UV spectrophotometer to measure the
absorbance at a wavelength of 432 nm. FIG. 3 shows the
measured UV absorbance of the feed oil, the retained portion
of'the orange oil and the three permeate aliquots. The strength
of colour in the permeate samples was reduced from approxi-
mately 85 absorbance units in the feed oil to 5-10 absorbance
units in the permeate samples. Concomitantly the strength of
colour in retentate increased from approximately 85 absor-
bance units to 230 absorbance units, which is consistent with
only a small proportion of the coloured compounds being
transported through the membrane during the filtration. These
results demonstrate the potential to reduce the colour of con-
centrated (multi-fold) essential oils, including five-fold citrus
oils, especially orange oil.

Example 3

Removal of Natural Impurity (Wax) from Orange Oil

[0120] A dead-end METecell filtration cell (Evonik Mem-
brane Extraction Technology Ltd, UK) containing a coupon
of PuraMem™ S380 organic solvent nanofiltration mem-
brane (Evonik Membrane Extraction Technology Ltd., UK)
was used for this experiment—see FIG. 1 for a schematic
diagram of the METcell dead-end filtration system.
PuraMem™ S380 is a silicone-coated membrane prepared
according to DE10 2009 047 351 with a nominal molecular
weight cut-off of 600 g:mol™'. The membrane was made
ready for use by filtering 200 mL of limonene (Sigma-Ald-
rich, Germany) at ambient temperature and 30 bar filtration
pressure to remove the conditioning agent (preservative) from
the PuraMem™ S380 membrane.

[0121] Once the membrane was prepared, the filtration cell
was emptied and refilled with 100 mL of five-fold orange oil.
The five-fold orange oil was filtered at a temperature of 30
degC. and filtration pressure of 30 bar. 65 mL of the oil was
permeated.

[0122] The wax content of the orange oil samples was
determined after the oil samples had been chilled for at least
24 hours at -24 degC. by assessing turbidity of the solutions
using a UV spectrophotometer to measure the absorbance at
a wavelength of 720 nm. FIG. 4 shows the measured UV
absorbance of the feed oil, the retained portion of the orange
oil and the permeated orange oil. The wax content of the
permeate samples was reduced from approximately 0.54
absorbance units in the feed oil to 0.18 absorbance units in the
permeate samples. Concomitantly the wax content of the
retentate increased from approximately 0.54 absorbance
units to approximately 1.18 absorbance units, which is con-
sistent with a large proportion of the wax compounds being
retained by the membrane during the filtration. These results
demonstrate the potential to reduce the wax content of essen-
tial oils, including five-fold citrus oils, especially five-fold
orange oil. This example together with Example 2 also con
firm, that simultaneously wax and the colouring impurity can
be removed from the orange oil.

Example 4

Fractionation of Components in Single-Fold Orange
0il
[0123] A METcell crossflow filtration system (Evonik

Membrane Extraction Technology L.td, UK) containing cou-
pons of DuraMem™ S XP2 organic solvent nanofiltration
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membrane (Evonik Membrane Extraction Technology [.td.)
was used for this experiment—see FIG. 5 for a schematic
diagram of the METcell crossflow filtration system.
DuraMem™ S XP2 is a silicone-coated membrane prepared
according to DE10 2009 047 351 with a nominal molecular
weight cut-off of approximately 350 g-mol~". The membrane
was made ready for use by filtering 200 mL of limonene
(Sigma-Aldrich, Germany) through the membrane coupon at
ambient temperature and 30 bar filtration pressure to remove
the conditioning agent (preservative) from the DuraMem™ S
XP2 membrane.

[0124] Once the membrane was ready, the filtration cell
was emptied and refilled with 500 mL of single-fold orange
oil that had been processed with a PuraMem™ S380 mem-
brane according to the methodology of Example 3 to remove
wax compounds. The single-fold orange oil was filtered at a
temperature of 30 degC. and filtration pressure of 30 bar.
Samples of the permeate were collected and analysed using
an Agilent 6850 gas chromatograph fitted with an FID detec-
tor. The gas chromatograph was fitted with an HP-5 column
(30 mx0.25 mm diameter) from Agilent Technologies and
subject to the following temperature programme -70 degC.
for 1 minute, ramp from 70 degC. to 250 degC. at 30 degC.
-min~", ramp from 250 degC. to 310 degC. at 20 degC.-min~",
hold 310 degC. for 2 minutes. The injector temperature was
275 degC. and the detector temperature was 350 degC.
[0125] Table 1 shows the membrane rejection values for a
select number of compounds in the oil calculated from the
analytical results obtained from the gas chromatograph (re-
jection is defined above in Equation 1).

TABLE 1

Rejection of select compounds in single-fold orange oil when filtered
with DuraMem ™ § XP2 membrane

Compound Rejection (%)
Limonene 0
Decanal 0
Geranial 0
Valencene 0
a,p-sinensal 60

Waxes, colour compounds, etc. >95%

[0126] The majority of the compounds present rejection
values of 0% —this means that these species pass through the
membrane unhindered and are present in the final permeate
material in the same concentration as in the feed material.
However, it can be seen that certain compounds, e.g. sinensal
and waxes, present non-zero rejection values—this means
that these species do not pass freely through the membrane
and are concentrated in the retentate solution, leading to
fractionation of these components from the orange oil. FIG. 6
shows an example of how these non-zero membrane rejection
values provide fractionation of components of the essential
oil between the retentate and permeate streams—the mass
balance is calculated using the rejection data provided in
Table 1. This example demonstrates the potential to fraction-
ate components from essential oil, including single-fold
orange oil.

Example 5

Removal of Synthetic Impurity (Agrochemical
Residue) from Orange Oil
[0127] For this experiment, two pieces of equipment were
used. In the first stage of the experiment, a 2.5"x12" spiral
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wound membrane module containing PuraMem™ S380
membrane (Evonik Membrane Extraction Technology Ltd.,
UK) was used in a nanofiltration pilot plant. PuraMem™
S380 is a silicone-coated membrane prepared according to
DE10 2009 047 351 with a nominal molecular weight cut-off
of 600 g'mol~". The membrane was prepared by filtering 5 L
of limonene (Sigma-Aldrich, Germany) at ambient tempera-
ture and 30 bar filtration pressure to remove the conditioning
agent (preservative) from the PuraMem™ S380 membrane.
For the second stage of the experiment, a dead-end METcell
filtration cell (Evonik Membrane Extraction Technology Ltd,
UK) containing a coupon of DuraMem™ S XP2 organic
solvent nanofiltration membrane (Evonik Membrane Extrac-
tion Technology Ltd.) was used for this experiment—see
FIG. 1 for a schematic diagram of the METcell dead-end
filtration system. DuraMem™ S XP2 is a silicone-coated
membrane prepared according to DE10 2009 047 351 with a
nominal molecular weight cut-off of approximately 350
g-mol™'. The membrane was prepared by filtering 200 mL of
limonene (Sigma-Aldrich, Germany) through the membrane
coupon at ambient temperature and 30 bar filtration pressure
to remove the conditioning agent (preservative) from the
DuraMem™ S XP2 membrane.

[0128] In the first stage of the experiment, 8.2 kg of five-
fold orange oil was processed using the PuraMem™ S380
spiral-wound membrane module in the nanofiltration pilot
plant. Skg ofthe oil was permeated at 30 bar and 30 degC. The
initial permeate mass flux was 23.5 kg'm™>h™' and this
reduced to 10.7 kg'm=>-h~! at the end of the experiment (after
5 kg had been permeated) reflecting the increased concentra-
tion of higher molecular weight compounds and increased
viscosity in the retentate (e.g. waxes and colour compounds).
Samples of the feed, retentate and permeate solutions were
taken to determine the concentration of pesticides (agro-
chemical residues) present in the solutions. The samples were
analysed for pesticide composition by AQura GmbH using an
LC-MS-MS liquid chromatography method. The results for
removal of select pesticides during filtration with
PuraMem™ S380 are shown in Table 2.

TABLE 2

Concentration of select pesticides in feed, retentate and permeate
solutions and rejection of pesticides when five-fold orange oil is filtered
with PuraMem ™ S380 membrane

Concentra- Concen- Concen-
tion tration tration

in feed in retentate  in permeate  Rejection -

solution solution solution PuraMem ™
Compound (mg/kg) (mg/kg) (mg/kg) S380 (%)
Azoxysstrobin 0.034 0.039 0.025 36
Difenoconazol 0.0060 0.0080 ND* >95
Flufenoxuron 0.041 0.077 0.019 75
Phosmet 0.12 0.67 0.011 98
Propargite 0.57 0.69 0.76 -10
Spirodiclofen 0.018 0.022 0.021 5

*ND—Not detected, below detection limit.

[0129] The data shows that with the PuraMem™ S380
membrane a range of separation performance is achieved—
for instance both difenoconazol and phosmet are almost com-
pletely removed from the oil with this membrane, whereas
propargite and spirodiclofen pass through the membrane
almost unhindered. The permeate solution from this first
experimental stage was further treated with a lower molecular
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weight cut-off membrane (DuraMem™ S XP2, nominal
molecular weight cut-off approximately 350 g:mol™) to
ascertain if further reductions in agrochemical residue (pes-
ticides) could be achieved.

[0130] Inthe second stage of the experiment, three samples
containing 100 g of permeate produced by processing five-
fold orange oil with the PuraMem™ S380 spiral-wound
membrane module in the nanofiltration pilot plant were fur-
ther processed using the DuraMem™ S XP2 membrane. 10 g
of the oil from each sample was permeated at 38 bar and 30
degC. The permeate mass flux was constant for all the filtra-
tions at approximately 1.7 kg'm=>-h~!. Samples of the feed
and permeate solutions were taken to determine the concen-
tration of pesticides (agrochemical residues) present in the
solutions—the assumption was made that the feed and reten-
tate concentrations were the same, given the small volume of
sample that was permeated. The samples were analysed for
pesticide composition by AQura GmbH using an LC-MS-MS
liquid chromatography method. The results for removal of
select pesticides during filtration with DuraMem™ S XP2 are
shown in Table 3

TABLE 3

Concentration of select pesticides in feed and permeate solutions and
rejection of pesticides when five-fold orange oil previously filtered
with PuraMem ™ S380 membrane is filtered with
DuraMem ™ S XP2 membrane

Concentration Concentration

in feed in permeate Rejection -

solution solution DuraMem ™
Compound (mg/kg) (mg/kg) S XP2 (%)
Etoxazol 0.024 0.008 67
Flufenoxuron 0.019 ND* >95
Propargite 0.76 0.18 76
Spirodiclofen 0.021 ND >95

*ND—Not detected, below detection limit.

[0131] The data shows that by applying the lower molecu-
lar weight cut-oft membrane DuraMem™ S XP2 additional
removal of pesticides (agrochemical residues) can be
achieved. This example demonstrates the potential to remove
agrochemical residues from essential oil, including five-fold
orange oil. Furthermore, this example demonstrates the
potential benefits of processes sequentially applying more
than one selectively permeable membrane to address a given
separation task.

1. A process for separating components in an essential oil,
i.e. a non-lipid natural oil derived from plant matter, compris-
ing:

(1) providing an essential oil or a solution comprising an

essential oil and at least one organic solvent, wherein
the essential oil is obtained from a natural raw material of
plant origin:

i. either by steam distillation;

ii. or by mechanical processes from the epicarp of Citrus

fruits;

iii. or by dry distillation

after separation of the aqueous phase, if any, by physical
processes

or

the essential oil is obtained by mechanical expression
from plant material other than Citrus fruits,
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or

the essential oil is obtained by extraction of the plant
material with supercritical solvents, preferably super-
critical CO2,

or

the essential oil is obtained by extraction of the plant
material with a non polar solvent, i.e. a solvent with a
dielectric constant, measured as the ratio of the elec-
trical capacity of a capacitor filled with the solvent to
the electrical capacity of the evacuated capacitor at
room temperature, of less than or equal to 15;
(ii) providing a selectively permeable nanofiltration mem-
brane having a first surface and a second surface;
(ii1) separating the essential oil by transferring one or more
components of the essential oil or of the essential oil
solution from the first surface to the second surface
across the membrane through contacting the essential oil
or the essential oil solution with the first surface,
wherein the oil or solution in contact with the first sur-
face forms a retentate and the oil or solution contact-
ing the second surface forms a permeate,

wherein the pressure at the first surface is greater than
the pressure at the second surface, and wherein the
concentration of the one or more components of the
essential oil or of the essential oil solution is reduced
in the oil or solution contacting the first surface com-
pared to the initial essential oil or essential oil solu-
tion.

2. The process according to claim 1, further comprising
subjecting the retentate oil or solution and/or the permeate oil
or solution to at least one additional processing step.

3. The process according to claim 1, further comprising
recovering any solvent content from the permeate and reten-
tate solutions.

4. The process according to claim 2, comprising further
subjecting the retentate oil or solution and/or the permeate oil
or solution to at least one additional contact with a selectively
permeable membrane, preferably a nanofiltration membrane,
wherein preferably two different membranes having two dif-
ferent molecular weight cut-offs are used, especially pre-
ferred wherein at least one membrane having a molecular
weight cut off between 400 g'mol-1 and 1500 g-mol-1 and at
least one membrane with a different molecular weight cut-off
between 150 g'mol-1 and 600 g'mol-1 are used.

5. The process according to claim 1, wherein the essential
oil derives from plants and is selected from oils produced
from berries, seeds, bark, wood, rhizome, leaves, resin, flow-
ers, peel and root

and/or

wherein the essential oil derives from the genus Citrus

and/or

wherein the essential oil is selected from oils deriving from
sweet orange, orange, lemon, lime, grapefruit, berga-
mot, key lime, pomelo, citron, mandarin, tangerine, bit-
ter orange, rangpur, Persian lime, Clementine, yuzu,
kaffir lime, ugli

and/or

wherein the essential oil is selected from allspice oil, juni-
per oil, cumin oil, cinnamon bark oil, camphor oil, rose-
wood oil, ginger oil, basil oil, eucalyptus oil, lemongrass
oil, peppermint oil, rosemary oil, spearmint oil, tea tree
oil, frankincense oil, chamomile oil, clove oil, jasmine
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oil, lavender oil, rose oil, ylang ylang oil, bergamot oil,
grapefruit oil, lemon oil, lime oil, orange oil, and vale-
rian oil.

6. The process according to claim 1, wherein the process
produces a reduction

in wax content

and/or

in colour

and/or

in at least one natural and/or synthetic impurity chosen

from environmental pollutants, agrochemical residues,
extrables from packaging, waxes, plant sterols, lipo-
philic hormones, colored components, oxidation prod-
ucts, components that create unwanted smell and/or
taste in the oil mixture, or vitamins in the product essen-
tial oil compared to the initial essential oil.

7. The process according to claim 6, wherein the at least
one natural or synthetic impurity comprises agrochemical
residues.

8. The process according to claim 1, wherein the retentate
comprises an increased concentration of at least one compo-
nent of the essential oil chosen from vitamins, plant sterols,
lipophilic hormones, colored components, furanocoumarins,
sesquiterpenes relative to the fatty acid oil mixture.

9. The process according to claim 1, wherein the organic
solvent used to prepare the mixture of essential oil and
organic solvent is chosen from

aromatic hydrocarbons, aliphatic hydrocarbons, ketones,

glycols, chlorinated solvents, esters, ethers, amines,
nitriles, aldehydes, phenols, amides, carboxylic acids,
alcohols, furans, lactones, and dipolar aprotic solvents,
and mixtures thereof and with water

and/or

from toluene, xylene, benzene, styrene, anisole, chlo-

robenzene, dichlorobenzene, chloroform, dichlo-
romethane, dichloroethane, methyl acetate, ethyl
acetate, isopropyl acetate, butyl acetate, methyl ether
ketone (MEK), methyl iso butyl ketone (MIBK),
acetone, ethylene glycols, ethanol, methanol, isopro-
panol, propanol, butanol, hexane, heptane, cyclohexane,
dimethoxyethane, methyl tert butyl ether (MTBE),
diethyl ether, adiponitrile, N,N dimethylformamide,
dimethylsulfoxide, N,N dimethylacetamide, dioxane,
nitromethane, nitrobenzene, pyridine, carbon disulfide,
tetrahydrofuran, methyl-tetrahydrofuran, N-methyl pyr-
rolidone, N-ethyl pyrrolidone, acetonitrile, and mixtures
thereof and with water

and/or

from methanol, ethanol, isopropanol, ethyl acetate,

acetone, hexane, heptane, ethylene glycols, and mix-
tures thereof and with water.

10. The process according to claim 1, wherein the at least
one selective nanofiltration membrane comprises a material
chosen from polyethylene, polypropylene, polytetratiuoroet-
hylene (PTFE), polyvinylidene difluoride (PVDF), polysul-
fone, polyethersulfone, polyacrylonitrile, polyamide, poly-
imide, polyamideimide, polyetherimide, cellulose acetate,
polyaniline, polypyrrole, polyetheretherketone (PEEK),
polybenzimidazole, and mixtures thereof.

11. The process according to claim 10, wherein the at least
one selective nanofiltration membrane comprises a polyim-
ide.

12. The process according to claim 1, wherein the at least
one selective nanofiltration membrane is a composite mate-
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rial comprising a support and a thin, selectively permeable
layer, preferably a thin, selectively permeable layer compris-
ing a material chosen from modified polysiloxane based elas-
tomers including polydimethylsiloxane (PDMS) based elas-
tomers, ethylene-propylene diene (EPDM) based elastomers,
polynorbornene based elastomers, polyoctenamer based elas-
tomers, polyurethane based elastomers, butadiene and nitrile
butadiene rubber based elastomers, natural rubber, butyl rub-
ber based elastomers, polychloroprene (Neoprene) based
elastomers, epichlorohydrin elastomers, polyacrylate elas-
tomers, polyethylene, polypropylene, polytetrafluoroethyl-
ene (PTFE), polyvinylidene difluoride (PVDF) based elas-
tomers, polyetherblock amides (PEBAX), polyurethane
elastomers, crosslinked polyether, polyamide, polyaniline,
polypyrrole, and mixtures thereof.

13. The process according to claim 1, wherein the at least
one selective nanofiltration membrane comprises an inor-
ganic material chosen from silicon carbide, silicon oxide,
zirconium oxide, titanium oxide, and zeolites.

14. The process according to claim 1, wherein the at least
one selective nanofiltration membrane comprises a polymer
membrane with dispersed organic or inorganic matrices in the
form of powdered solids present in amounts up to about 20 wt
% of the polymer membrane.

15. The process according to claim 1, wherein the at least
one selective nanofiltration membrane comprises silicone-
coated organic solvent nanofiltration membranes.

16. The process according to claim 1, wherein at least one
selective membrane has a molecular weight cut-off ranging
from about 150 g/mol to about 1,500 g/mol.

17. The process according to claim 1, wherein the nanofil-
tration process is performed at a temperature ranging from
about 10° C. to about 50° C. and/or with a trans-membrane
pressure ranging from about 10 bar to 60 bar and/or wherein
the essential oil is dissolved in organic solvent at a concen-
tration ranging from about 1% v/v to about 95% v/v.

18. The process according to claim 2, further comprising
recovering any solvent content from the permeate and reten-
tate solutions.

19. The process according to claim 2, wherein the essential
oil derives from plants and is selected from oils produced
from berries, seeds, bark, wood, rhizome, leaves, resin, flow-
ers, peel and root
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and/or
wherein the essential oil derives from the genus Citrus
and/or

wherein the essential oil is selected from oils deriving from
sweet orange, orange, lemon, lime, grapefruit, berga-
mot, key lime, pomelo, citron, mandarin, tangerine, bit-
ter orange, rangpur, Persian lime, Clementine, yuzu,
kaffir lime, ugli

and/or

wherein the essential oil is selected from allspice oil, juni-
per oil, cumin oil, cinnamon bark oil, camphor oil, rose-
wood oil, ginger oil, basil oil, eucalyptus oil, lemongrass
oil, peppermint oil, rosemary oil, spearmint oil, tea tree
oil, frankincense oil, chamomile oil, clove oil, jasmine
oil, lavender oil, rose oil, ylang ylang oil, bergamot oil,
grapefruit oil, lemon oil, lime oil, orange oil, and vale-
rian oil.

20. The process according to claim 3, wherein the essential
oil derives from plants and is selected from oils produced
from berries, seeds, bark, wood, rhizome, leaves, resin, flow-
ers, peel and root

and/or
wherein the essential oil derives from the genus Citrus
and/or

wherein the essential oil is selected from oils deriving from
sweet orange, orange, lemon, lime, grapefruit, berga-
mot, key lime, pomelo, citron, mandarin, tangerine, bit-
ter orange, rangpur, Persian lime, Clementine, yuzu,
kaffir lime, ugli

and/or

wherein the essential oil is selected from allspice oil, juni-
per oil, cumin oil, cinnamon bark oil, camphor oil, rose-
wood oil, ginger oil, basil oil, eucalyptus oil, lemongrass
oil, peppermint oil, rosemary oil, spearmint oil, tea tree
oil, frankincense oil, chamomile oil, clove oil, jasmine
oil, lavender oil, rose oil, ylang ylang oil, bergamot oil,
grapefruit oil, lemon oil, lime oil, orange oil, and vale-
rian oil.



