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-product s of un y aci ds. These degradati on products -ar {0173’
vol atil e nat urEmnHﬂ d fragrance ingredients. These ingredients _
i ncl ude but ricted to trans-2-cis-6- lmrigdw‘ga.l ,

trans-2-ci s-6-nonadien-1-ol, green not e conpounds such as

ci s-3-hexen-1-o0l, trans-2-hexenal and inproved conpl ex flavour and
fragrance m xtures such as

The present invention relates to a process £for the
production of degradation producté of unsaturated fatty
acids. These degradation p;:-oducts are volatile natural
flavour and fragrance ingredients. These ingredients
include but are not restricted to trans-2-cis-6-
nonédienal ‘ trans-2-cis-6-nonadien-1-01, green note
compounds such as cis-3-hexen-1-o0l, trans-2-hexenal and
improved complex flavour and fragrance mixtures such as
natural plant extracts and absolutes. The above
ingredients are present in a wide variety of f£fruits,
leaves, vegetables and other plant constituents. Due to
their pronounced impact on flavour and fragrance of these
plants, they are widely used as impact ingredients in
flavour and fragrance compositions. Their organoleptic
characteristics range from- fresh, grassy, .green"“, to

cucumber- and melonlike.

Natural short chain, C.-aldehydes and Cs-alcohois, the so-
called ,green note" compounds are currently isolated from
plants or their essential oils (e.g. mint oil). They can
also be biosynthetically produced. The FR-Al 2696 192
describes the production of ionones and aldehydes by
contacting a natural source of polyunsaturated fatty acids
with 1lipoxgenases, hydroxyperoxide lyases and a natural
source 6f carotene in a liquid medium. The WO 95/26413
discloses the convers;'.on of linolenic acid to cis-3-hexen-
1-0l in presence of lipoxygenase, hydroperoxyde lyase and-

yeast. The degradation of polyunsaturated fatty acids
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matwural  plant extracts and absolutes. The above ingredients are
present in a wde variety of fruits, |eaves, vegetables and other plant
.constituents. Due to their pronounced inpact on flavour and fragrance of
these plants, they are widely used as inpact ingredients in flavour and
fragrance conpositions. Their organol eptic characteristics range from
fresh, grassy, [err]green”, to cucumber- and nelonlike. Nat ural short
chain, Cerr]-aldehydes and C[err]-al cohols, the so- called ,,green.note"
conmpounds are currently isolated fromplants or their essential oils (e.g.
mnt oil). They can also be biosynthetically produced. The FRRAl 2696 192
describes the production of ionones and al dehydes by contacting_ a natural
source of pol yacsandiaged the t ysbatels mﬁththepoﬂgﬁnasﬁz indnesd pebyxi §8e

o el ases. t he CHIGEIATIPT! TPARSAGR cabci BLE coLFs. SRl n Popy “? oPhEER:e

of l'poxygenas%aé@?“éﬁfﬁQXy@ﬁel¥§§§eﬁaglon is catalyzed by lipoxygenase
(EC 1.13.11.12)-enzymes. The oxygenated products, fatty
acid hydroperoxides are the precursors for many important
hormones (e.g. prostéglandins) and of flavour and
fragrance molecules. In plants, cleavage of the
hydroperoxides occurs through. the action of specifié

hydroperoxide lyases.

Natural Cy-aldehydes and Cy-alcohols (e.g trans-2-cis-6-
nonadienal, trans-2-cis-6-nonadien-l-o0l) are as such not
available on the market and, so far, can only be applied
for flavour and fragrance compositions via the violet
{Viocla odorata L.) leaf absolute. The important
constituents present in violet leaf extracts among others
are: trans-z-cis-s-noqadienal,_.trans-2-cis-6-nonadien-l-
ol, 1l-octen-3-ol, cis-3-hexenyl alcohol and cis-3-hexenyl-
acetate. All these compoﬁnds are derived from the
oxidative degradation of fatty acids present in the violet
leaves. The violet leaf absolute has a typical green fatty
note similar to that of cucumbers and is predominantly
used as fragrance component, but also as natural flavour
ingredient in e.g. tropical fruit flavours for its fruity-
cucumber character. Violet leaf absolute is therefore,

widely used in a great variety of flavour and fragrance

compositions.
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yeast. The degradation of pol yunsaturated fatty acids

2- according the state of the art is igduced by the oxygenation
feaction at cis-cis double bonds of these fatty acids. The oxygenation is
catal yzed by |ipoxygenase (EC 1.13.11.12)-enzynes. The oxygenated
products, fatty acid hydroperoxides are the precursors for nmany inportant

Due to the solubility characteristics of the absolute and
the presence of other natural by-notes such as the flowery
ionones and the fatty acids, it cannot be used in all
requested dosages for flavour applications. It is
therefore, highly desirable to provide the above natural
Cy-aldehydes and C,-alcohols in a higher concentration

with a relatively lower content of other by-notes.

The present invention provides a process for the
production of 'fatty_ acid degradation products, especially
Cs-aldehydes and C,-alcohols, by oxidative biochemical
degradation of unsaturated fatty acids, characterized by
oxidative biochemical degradation of a plant biomass
containing fatty acids and enzymes for the oxidative
degradation in the presence of additional unsaturated

fatty acids.

The specific enzymes present in the various plant
materials catalyze the degradation of fatty acids to
important £flavour and fragrance products. The present
process takes advantagé of the presence of these enzymes
to degrade also the additional fatty acids and thereby
overproducing the desired compounds. In particular,
according to the process of the invention natural C,-
aldehydes and C,-alcohols are overproduced. in the presence
of additional precursof fatty acids. In addition to the
overproduction of the desired compounds less undesired by-

products are obtained and the solubility characteristics
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horrones (e.g. prostaglandins) and of flavour and fragrance

yol ecules. In plants, cl eavage-- of t hydr oper oxi des occurs through
the action of specific hydroperoxide |yases. Natural (err]-al dehydes and
Cerr]-alcohols (e.g trans-2-cis-6- nonadi enal,

trans-2-ci s-6-nonadi en-1-0l) are as such not avail able on the market and,
so far, can only be applied for flavour and fragrance conpositions via the

violet (Viola. odorata L.) |eaf absolute. The inportant constituents
present in violet |eaf extracts anong others are: trans-2-cis-6-nonadi enal,
trans-2-ci s-6-nonadien-1- ol, |-octen-3-0l, cis-3-hexenyl alcohol and

ci s-3-hexenyl - acetate. Al these conpounds are derived fromthe oxidative
degr adati on of ofat tiheacexisrpcesent iabsdimte oist LmprewvedThelhe oligtverndzifon

absolute has a typical green fatty note similar to that _of cucunbers and is
predominant |y ®¥eyiges rippravedc SARRIEE , Thavoursang RERRIFaNCe| Frkhures

I ngredient in tr ORi | a r L3S fiat ¥, .CU
character. Vio%gghegﬁngﬁggﬁ%lg§$%ﬁ%hégg?%?é? aht a%s%lhies. %%gmﬁies for
desired degradation products are trans-2-cis-6-nonadienal,

trans-2-cis-6-nonadien-1-o0l and green note compounds such

as cis-3-hexen-1-ol and trans-2-hexenal.

Plant material used for the process of the invenfion
containing the precursor fatty acids as well as enzymes
for degrading the precursor fatty acids are well known to
the skilled person. The precursor fatty acids and enzymes
are present in a wide variety of fruits, leaves,
vegetables and other plant constituents. Therefore, a
variety of plant material éan be used to carry out the
process of the invention. Preferred are plants which are
rich in the necessary enzymes for the specific degradation
of the fatty acids (e.g. lipoxygenase and hydroperoxide
lyase) . The product obtained using such plant material
depend on the specificity of the enzymes present in these
plants. For six-carbon aliphatic aldehydes and alcohols,
plants containing high levels of lipoxygenase with a C-13
specificty and for nine-carbon aliphatic aldehydes and
alcohols plants with lipoxygenase with a C-9 specificity
are preferred. It is also possible to combine material
from more than one specific plant in order to obtain an

optimized distribution of the desired enzymes.
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mﬁdély used in a great variety of flavour and fragrance conpositions.
Due to the solubility characteristigs of the absolute and the
presence of other natural by-notes such as the flowery ionones and the

- 3-

fatty aci ds,

appl i cations.

nat ur al

derr]

it cannot be used in all requested dosages for flavour

It is therefore, highly desirable to provide the above

-al dehydes and ([ err]-alcohols in a higher concentration

Representative plant materials include: violet (Viola
odorata L.) leaves; cucumber (Cucumis sativus) leaves,
seeds and fruits; melon (Cucumis melo) leaves, seeds and
fruits; watermelon (Citrullus lanatus) leaves, seeds and
fruits; pumpkin (Cucurbita. maxima) leaves, seeds and
fruits; pear (Pirus piraster) 1leaves and fruits; borage
(Borago officinalis) leaves; tomato (Lycopersicon
lycopersicum) leaves and fruits; potato (Solénum
tuberosum) leaves and tuber; soybean (Glycine max) fruit
and seed. It is a matter of course, that it is not
possible to give a complete list of plant materials which

can be used as enzyme sources.

The precursor unsaturated fatty acids are added to the
plant material at once or at different stages of the
process. They may be added to the disintegrated plant
material, the biomass or to.the plant material before or
after harvesting. The précursor unsaturated fatty acid
include among others: linoleic acid, (alpha- and gamma-)
linolenic acid, arachidonic acid, . eicosapentaenocic acid
and docosahexaenoic acid. Different unsaturated fatty

acids may be applied before and after harvesting.

The preferred plant material is violet leaf. Violet
leaves are available almost all year round and are
cultured mainly in the southern part of France (i.e.
region of Grasse). These leaves are harvested at least

three times per year. Therefore, plant material on a large
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with a relatively | ower content of other by-notes. The present
invention provides a process for the production of fatty acid
.degradation products, especially C[err]-aldehydes and C([err]-al cohols, by
oxi dative bi ochem cal degradation of unsaturated fatty acids, characterized
by oxi dative biochem cal degradation of a plant bionmass containing
fatty acids and enzynes for the oxidative degradation in the presence of
addi tional unsaturated fatty acids. The specific enzynmes present in the
various plant materials catalyze the degradation of fatty acids to

I nportant flavour and fragrance products. The present process takes

advant age of the presence of these enzynes to degrade al so the additional
fatty aci ds ansdaler dy awaibalbbeci Bjantaegrowsi dad a crgrukeisse apxe also

particul ar, accordlng to the process of_the invention natural Clerr]-
al dehydes and Ep&ful fAordies REQSS R qh e’d“f‘?f“’t’l'@‘presence

The plant material has to be harvested without
inactivating the endogeneous enzymes, i.e. the plant
leaves have to be kept intact. Preferably the plant
material is stored for as a short period as possible and
under controlled humidity conditions, in order not to
inactivate the enzymes present in the plant'material by
drying. If a longer period of storage is necessary, the
plant material should be kept under cool conditions (4° to

10°C) for not more than about ten days.

Unexpectedly, prior spraying of the harvested plant
material with an unsaturated fatty acid in addition to a
precursor fatty acid added to the actual biochemical
reaction led to increased yields of the process. It is
 therefore, preferred to spray the plant material with a
mixture of precursor fatty acid (e.g. linolenic acid) in
water or a buffer solution between 1 and 24 hrs,
preferably between 5 and 16 hrs, prior to the actual
biochemical degxadation reaction. Alternatively or
additionally, the precursor fatty acid composition may be
sprayed before harvesting onto the plant material. The
plant material can be .treated repeatedly in intervals of

days or only once, prior to processing it to a biomass.

UG
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of -additi onal

precursor fatty acids. In addition to the overproduction of

the desired conpounds | ess undesired by- proeducts are obtained and the
-solubility characteristics -4- of the
extract or absolute is inproved. The invention provides inproved conpl ex
flavour and fragrance m xtures such as natural plant extracts and

absol utes. Exanples for desired degradation products are

trans- 2-ci s- 6- nonadi enal ,

The unsaturated fatty acids to be added to the plant
material can be prepared by known methods such as
treatment of vegetable oils with a commercial lipase. The
amount of unsaturated fatty acid used in the current
process depends on various factors such as 1eve{; of
enzyme -activity present in the plant material, desired
product etc. Typically, unsaturated fatty acids are used
in amounts of about 0.1 % to 10 %, preferably 1 % to 5 %,
of the weight of the plant material.

A number of fatty acid degradation products useful as
natural flavour and fragrance ingredients can be provided
by the process of the present invention. Examples for
flavour and fragrance ingredients prepared by the process
of the invention are: trans-2-cis-6-nonadienal, traﬁs-z-
cis-s-honadien-l-ol, cis-3-hexen-1-0l, trans-2-hexenal,
cis-3-hexenal, cis-3-cis-6-nonadienal, cis-3-cis-6-
nonadien-1l-01, hexana;, hexanol, cis-3-nonenal, c¢is-3-
nonen-1-ol, trans-2-nonenal, trans-2-nonen-1-ol, trans-2-
cis-6-nonadienyl ethylester and mixtures thereof,
contained in violeﬁ leaf absolute and other plant extracts
and absolutes. The preferred ingredients include trans-2-
cis-6-nonadienal and a violet 1leaf absolute with an
increased content of natural trans-2-cis-6-nonadienal and

trans-2-cis-6-nonadien-1-o0l.

To convert aliphatic aldehydes obtained by the process of

the invention into alcohols alcohol dehydrogenase.may be

This Sheet Has Been Rep
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trans-2-ci s-6-nonadi en-1-ol and green note conpounds such as
ci s- 3-hexen-1-o0l and trans-2-hexenal . Plaqt mat eri al used for the process
'of the invention containing the precursor fatty acids as well as enzynes
for degrading the precursor fatty acids are well known to the skilled
person. The precursor fatty acids and enzynes are present in a wde
variety of fruits, |eaves, vegetables and other plant constituents.
Therefore, a variety of plant naterial can be used to carry out the process
of the invention. Preferred are plants which are rich in the necessary
enzynmes for the specific degradation of the fatty acids (e.g. |ipoxygenase
and hydr oper oxi de %gase) The product obtained using such plant nateri al
depend on the i &g \a cfourre evfz ymbsohoksdehydrnogémsse paanise Baker's
Si x- car bon aI| hati c al.dehydes  and al cohols, plants containing high |evels
of |ipoxygenas e\ﬁ\ th e ld 8 a3 S 14889 and for nine-carbon aliphatic
al dehydes and al cohol s plants with |ipoxygenase with a C9 specificity are
preferred. It is also possible to conbine materi al

For the biochemical reaction, the plant material is mixed

with the fatty acid or its solution and with water or a
buffer solution successively or simultaneously. The ratio
of aqueous liquid to plant material can vary in the range
from 1 to 1 up to io to 1, preferably 5 fo 1l on a weight
basis. Immediately after mixing the plant material is
sheared and blended to obtain a biomass. As buffer
solution typically a 10 to 100 mM solution of sodium or
potassium phosphate buffer is used. A supply of air has to

be guaranteed during the reaction.

It is important that the plant_material is disintegrated
very finely in order to increase the release of active
enzymes. The precursor unsaturated fatty acid can be added
simultaneously with the disintegration or on a continuous
basis as the biochemical reaction proceeds Very fast. The
disintegration is usually continued for 10 to 60 min.
Typically the reaction mixture is maintained during the
degradation reaction at room temperature (i.e. between 15
to 25°C). The plant material is disintegrated by
techniques such as high speed blenders, mixers, shearing

or chopping devices.

The desired compounds can be isolated from the reaction

slurry by standard methods such as steam distillation. The
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fromnore than one specific plant in order to obtain an optim zed
distribution of the desired enzynes. : -5-
‘Representative plant materials include: vio?et (Viola odorata L.) |eaves;
cucunber (Cucum s sativus) |eaves, seeds and fruits; melon (Cucum s nel o)

| eaves, seeds and fruits; waternelon (G trullus |anatus) |eaves, seeds and
fruits; punpkin (Cucurbita maxi ma) | eaves, seeds and

distillate can be extracted with a suitable solvent such
as hexane or methyl-t-butylether. After separation of
aqueous and organic phases, the product is obtained from
the organic phase by evaporation of the solvent.
Alternatively, the reaction slurry may be extracted with a
suitable solvent such as' hexane or methyl-t-butylether.
After evaporation of the solvent, the resulting product is
dissolved in ethanol and the ethanol insoluble material is
precipitated by cooling the solution to -10°C for 10 to 24
hrs. The ethanol insoluble material is subsequently
removed by centrifugation and the ethanol is evaporated to

yield a new quality of violet leaf absolute.

The process of the invention provides an overproduction of
the degradation products. The treatment of plant material
with the additional unsaturated fatty acid prior to the
actual biochemical reaction to which the precursor fatty
acid is added enhances the yields of the desired product
further significantly. The process provides a new and
efficient method for the over-production of natural
aliphatic aldehydes and alcohols, preferably C,-aldehydes
and Cy-alcohols, in mixtures e.g. extracts of reaction
slurries which may be further purified. The process
yields, depending on the quality of the plant material and
the conditions of the process, more than 100 mg and under
preferred conditions more than 600 mg per kg plant
material of trans-2-cis-6-nonadienal and more than 10 mg

per kg plant material of trans-2-cis-6-nonadien-l-ol. The
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fruits; pear (Pirus piraster) |eaves and fruits; borage (Borago

of ficinalis) | eaves; tomato (Lycopersi gpn | ycopersicun) |eaves and
-fruits; potato (Sol anum tuberosun) |eaves and tuber; soybean (Qd ycine
max) fruit and seed. It is a matter of course, that it is not possible to
give a conplete list of plant materials which can be used as enzyne

sour ces. The precursor unsaturated fatty acids are added to the pl ant
material at once or at different stages of the process. They may be added
to the disintegrated plant material, the bionmass or to the plant materi al
before or after harvesting. The precursor unsaturated fatty acid include
among others: linoleic acid, (alpha- and gamma-) |inol enic acid,

ar achi doni ¢ acpﬁoceéﬁco%hﬁéntm%}@eﬁmw aRXCESE0sahex@2nd cPREI k9 plant

Different unsatu %}?gfwgé vfS e TQbegﬂggTuﬁgjé¥gﬁ”§ 888 8ht €bf trans-

har vesti ng.
2-cis-6-nonadienal and trans-2-cis-6-nonadien-1-ol in

excess of 0.4%.

Example 1

Small scale production of trans-2-cis-6-nonadienal
E !I E]l i l] ]l ] !

50 ml of phosphate buffer (pH 7.3; 0.2 M), 50 ml linseed
oil (Roth AG, Karlsruhe, Germany) and 50 mg lipase
"Candida cylindracea" (Biocatalysts Ltd., Pontypridd, UK)
were mixed in a shaking flask. The mixture was shaken for
24 hrs at 37°C at 220 rpm and subsequently centrifuged.

The upper phase {linseed oil lipolysate) was collected.
Generation of C.-aldehydes and C,-alcohols

Using a small nebulizer, 300 g of harvested violet leaves
were sprayed with a mixture of: 100 ml sodium phosphate
buffer (50 mM, pH 6.5), 2 ml.of linseed oil lipolysate and
120 pl of Antifoam Dow 1520. The moistened leaves were
left at room temperature for 17 hrs. Then 20 g of the
spray-treated violet leaves, 100 ml of sodium phosphate._
buffer (50 mM, pH 6.5) and 1 ml of linseed oil lipolysate

were added to a Waring blender. The mixture was sheared
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The preferred plant material is violet |eaf. Viol et |eaves are

avail abl e al most all year round and are cul jured mainly in the southern
part of France (i.e. region of Gasse). These |eaves are harvested at |east
three tines per year. Therefore, plant naterial on a |arge

- 6- scale is available. Plants grown in a greenhouse are also useful
for the process of the invention.

for 2 min. at high speed setting and was subsequently
transferred to a three-necked flask equipped with a
mechanical stirrer. The reaction mixture was stirred at
700 rpm for 30 min. at room temperature during which time
air was continuously added to the headspace. For
determination of the content of Cy-aldehydes and -
alcohols, 10 ml of the reaction mixture was steam
distilled and the resulting water phase was subsequehtly
extracted with 2 ml methyl-t-butylether. The amount of
individual volatiles was determined by gas chromatographic
analysis. fhe amount of trans-2-cis-6-nonadienal and
trans-2-cis-6-nonadienol were 661 mg ° and 44 mg
respectively, per kg plant material processed. Among
others the following additional compounds were found in
the reaction mixture: hexanal, cis-3-hexenal, c¢is-3-
hexenol, trans-2-hexenal, trans-2-hexenol, l-octen-3-0l,

trans-2-nonenal.

Example 2

Pilot-scale production of trans-2-cis-6-nonadienal
p £ £ 14 i 0il lipol !

1500 ml of phosphate buffer (pH 7.3; 0.2 M), 1500 ml
linseed oil and 1500 mg lipase "Candida cylindracea" were

mixed in a stirring vessel. The mixture was stirred for 24
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The pl ant material has to be harvested w thout inactivating the
endogeneous enzynes, i.e. the plant Ian;s have to be kept intact.
Preferably the plant material is stored for as a short period as possible
and under controlled humdity conditions, in order not to inactivate the
enzynmes present in the plant material by drying. If a |onger period of
storage is necessary, the plant material should be kept under cool
conditions (4[err] to 10[err]C) for not nore than about ten days.
Unexpectedly, prior spraying of the harvested plant material with an
unsaturated fatty acid in addition to a

hrs at 37°C and 220 rpm and subsequently centrifuged. The

upper phase (linseed oil lipolysate) was collected.

The following ingredients we¥e mixed in a spray pump: 0.4
kg of sodium phosphate buffer (1 M, pH 6.5), 7.6 kg of tap
water, 0.167 kg of linseed o0il 1lipolysate, 10 g- of
Antifoam Dow 1520. 24 kg of harvested violet leaves were
sprayed with the above mixture using the spray pump.
Miking was periodically repeated to avoid separation of
the phases (water / fatty acid). The leaves were turned
and spraying was repeated once. Then the moistened leaves

were left for 17 hrs at room temperature. -

Six reaction batches were performed. For each batch 19 kg
of tap water, 1 kg of sodium phosphate buffer (1 M, pH
6.5) and 0.2 kg of linseed oil lipolysate were filled into
a 30 1 mixer-cutter (Stephan UM44; A. Stephan u. S&hne
GmbH & Co., Hameln, Germany) equipped with rotating
knives. The ingredients were mixed shortly to form an
emulsion. 4 kg of pretreated leaves were added to the

emulsion and cut for 30 min. while air was introduced.

The six reaction batches were pooled and 50 kg of tap
water were added to the mixture. The volatiles were
isolated by steam-distillation. A total of 62 1 of

distillate was collected which was subsequently extracted
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precursor fatty acid added to the actual biochemcal reaction led to
increased yields of the process. It is thergfore, preferred to spray the
plant nmaterial with a mxture of precursor .fatty acid (e.g. linolenic acid)
in water or a buffer solution between 1 and 24 hrs, preferably between 5
and 16 hrs, prior to the actual biochenical degradation reaction.

Al ternatively or additionally, the precursor fatty acid conposition may
be sprayed before harvesting onto the plant material. The plant nmateri al
can be treated repeatedly in intervals of days or only once, prior to
processing it to a biomass.

with 5 1 of hexane. The solvent was evaporated on a
rotavapor at 50°C and 20 mbar vacuum. Residual water was
removed manually using a separatory funnel. After removal
of the solvent 7.9g9 of product was obtained with a content

of 75 ¥ of trans-2-cis-6-nonadienal.

Example 3

Production of trans-2-cis-6-nonadienal

The linseed oil lipolysate was prepared as described in
Example 2.

Before harvesting, violet plants were sprayed using a
spray pump with the following mixture: 0.4 kg of sodium
phosphate buffer (1 M, pH 6.5), 7.6 kg of tap water, 0.167
kg of linseed oil lipolysate, 10 g of Antifoam Dow 1520.
The plant material was harvested 17 hrs after spraying and
used directly for the production of Cy-aldehydes and C,-
alcohols. 19 kg of tap water, 1 kg of sodium phosphate
buffer (1 M, pH 6.5) and 0.2 kg of linseed oil lipolysate
were filled into a 30 1 mixer-cutter (Stephan UM44)
equipped with rotating knivés. The ingredients were mixed
shortly to form an emulsion. 4 kg of pretreated freshly
harvested leaves were added to the emulsion and cut for 30

min. while air was introduced.

The volatiles were isolated by steam-distillation. The

distillate was collected and subsequently extracted with
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-7- The unsaturated fatty acids to be added to the plant material can
‘be prepared by known nethods such as treatngpt of vegetable oils with a
-conmerci al |ipase. The anmount of unsaturatgg fatty acid used in the
current process depends on various factors such as |evels of enzyme '
activity.present in the plant material, desired product etc. Typically,
unsaturated fatty acids are used in anounts of about 0.1 %to 10 %
preferably 1 %to 5 % of the weight of the plant material. A nunber of
fatty acid degradation- products useful as natural flavour and fragrance

I ngredi ents can be provided

0.81 of hexane. The solvent was evaporated on a vacuum
rotavapor at 50°C and 20 mbar vacuum. Residual water was
removed manually using a separatory funnel. The C,-
aldehydes and Cy-alcohols were identified by (gas
chromatography. |

Example 4

Production of a violet leaf absolute

Production of linseed oil lipolysate and of the reaction
mixture was as described in Example 2.

0.5 1 of the reaction mixture were extracted with an equal
volume of hexane. The plant particulate material was
removed by filtration through three layers of cheesecloth
("Miracloth", Calbiochem-Novabidchem Corp., La Jolla, CA,
USA). The €£filtrate was transferred into a separatory
funnel and the aqueous phase was removed. The organic
phase was washed three times with 250 ml of 1 M NaCl.
Subsequently, the solvent was evaporated on a rotavapor at
50°C and 80 mbar vacuum. The thus obtained "concréte" was
dissolved in 8 volumes parts of cold ethanol per 1 weight
part of concréte and stirred in a three necked flask for

20 hrs at -10°C.

The precipitate formed was removed from the ethanolic
solution by centrifugation (5000 x g, 15 min.) and the

golvent - was evaporated on a rotavapor (50°C, 80 mbar
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by ‘t he process of the present invention. Exanples for flavour and fragrance
ingredients prepared by the process of the jsvention are:

trans-2-ci s-6-nonadi enal, trans-2- cis-6-nonadi en-1-o0l, cis-3-hexen-I-ol,
trans- 2- hexenal , ci s-3-hexenal, ci s- 3-ci s- 6- nonadi enal ,

ci s-3-cis-6- nonadien-1-ol, hexanal, hexanol, cis-3-nonenal, cis-3-
nonen-|-ol, trans-2-nonenal, trans-2-nonen-l-ol, trans-2- cis-6-nonadienyl
et hyl est er and m Xt ures thereof, contained in violet |eaf absolute
and ot her plant extracts and absol utes. The preferred ingredients include
trans-2- cis-6-nonadienal and a violet |I|eaf absolute wth an

i ncreased content of natural trans-2-cis-6-nonadi enal and

trans- 2- ci s- 6- vacaaimdn- 12.61 g off@bswhute werehokbtainedewjhsaopeateas IQE
Lo rocess of gt | BYERLI9noL0t e 2heghelsad! colsk-dshidaPHg s WL

mately 28 g absolute per kg of violet leaves.
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- 8- added. As a source of alcohol dehydrogenase active baker's yeast

cells may be used

For the bi'ochem cal reggtion, the plant material is

‘m xed with t its solution and mﬁth wat er or a buffer
sol ution su ““kltaneously. The ratio of aqueous liquid to
aanLvany $N

pl ant materi
5to 1 on a weight

e range froml to 1 up to 10 to 1, preferably

Process for the production of fatty acid degradation
products, by oxidative biochemical degradation of
unsaturated fatty acids, characterized by oxidative
biochemical degradation of a plant biomass containing
unsaturated fatty acids and enzymes for the oxidative
degradation in the presence of additional unsaturated

fatty acids.

Process according to claim 1, whereby the unsaturated

- fatty acid is added to harvested plant material.

A 12099 EP/Mz/mbg |

Process according to one of the preceeding claims,
whereby the unsaturated fatty acid is added at the
beginning and/or during the biochemical degradation

reaction.

Process acéording to one of the.'preceeding claims,
whereby the plant material is sprayed at least once
with the unsaturated fatty acid up to 24 hours,
preferably 5 to 16 hours, prior to the biochemical

degradation reaction.

Process according to one of the preceeding claims,
whereby the unsaturated fatty acid is added to the

plant material before harvesting.
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basis. Imediately after mixing the plant material is sheared and bl ended
to obtain a biomass. As buffer solution typjcally a 10 to 100 nmM sol ution

-of sodi um oqmm@ﬂﬂl““]mlﬂﬂltate buffer is used. A supply of air has to be
guar ant eed is inportant that the plant material
is disintegrdted véry"fihel'y in order to increase the rel ease of active
enzynes. The precursor unsaturated fatty acid can be added simultaneously
with the disintegration or on a continuous basis as the biochem cal
reacti on proceeds very fast. The disintegration is usually continued for 10
to 60 mn. Typically the reaction m xture is maintained during the

degradation reaction at roomtenperature (i.e. between 15 to 25[err]Q.
The plant material is disintegrated by techniques such as high speed

bl enders, m xers, shearing or ch |ng deV|ces he desire nmp can
be i sol at ed frémtR gchfg 8f corggg ne of t;li1e preceé %1%% gﬁlgg.ﬁxs
whereby the additional unsaturated fatty acid is

linolenic acid.

7. Process according to one of the precegding claims,
whereby aliphatic Cy-aldehydes and Cy-alcohols are

produced.

8. Process according to one of the preceeding claims,
whereby the'enzymes are lipoxygenase and hydroperoxid

lyase.

9. Process according to one of the preceeding claims,
whereby the plant biomass is disintegrated violet

leaves.

10. Process according to one of the preceeding claims,
whereby plant material is disintegrated in a buffer

solution to the starting biomass.

11. Flavour and fragrance materials obtained by the

process according to one of the claims 1 to 10.

12. Trans-2-cis-6-nonadienal as compound according to

claim 11.
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slurry byﬂsmnﬁ’f’d’—mm as steamdistillation. The

- 9- xtracted with ajguitable solvent such as
‘hexane mlﬂﬂmm ﬂm After separation of aqueous and organic
phases, the pro uct I dbtalned fromthe organic phase by evaporation

of the solvent. Alternatively, the reaction slurry may be extracted with
a suitable solvent such as hexane or nethyl-t-butylether.

13. Trans-2- c'is -6-nonadien-1-ol as compound according to

claim 11.
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After evaporation of the solvent, the resulting-product is dissolved in

et hanol and the et hanol |nsoluble mater i al- h; :precipitated by cooling the
solution to -10C for 10 to 24 hrs. The etha insoluble material is
subsequent|ly renoved by centrifugation and the ethanol is evaporated to
yield a new quality of violet |eaf absolute. The process of the invention
provi des an overproduction of the degradation products. The treatnent of
plant material with the additional unsaturated fatty acid prior to the
actual biochem cal reaction to which the precursor fatty acid is added
enhances the yields of the desired product further significantly. The
process provides a new and efficient nethod for the over-production of

nat ural ali phapbgtaladehydes and al cohols, preferably (C[err]-al dehydes and
Cerr]-alcohols, in mxtures e.g. extracts of reaction slurries which
may -‘be further purified. The process yields, depending on the quality
of the plant material and the conditions of the process, nore than 100 ny
and under preferred conditions nore than 600 ng per kg pl ant

Fatty acid - degradation products are over-produced by
oxidative biochemical degradation of a plant biomass
containing unsaturated fatty acids and enzymes for the
degradation "in the presence of additional unsaturated
fatty acids. This degradation products are natural flavour

and fragrance ingredients.
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Jmterial of
mat eri al of
-10- p
vial et |eaf
trans-2-cis

(RERL ACEMEN
Fans-2-cis-6- dien-1iol. The A dec (99¢
ce9? PECOWIBov| des in excess of 25 g per kg pl a%

bsol ute with al cpntent of tyans- 2-cis-6-nonadi

Soyol ¢ O

adi enal and:nore than 10 ny pequg pl ant

~mat eni al  of

At

The present invention relates to a process for the
production of _degradatioh products of uhsaturated fatty
acids. These degradation f;:oducts are volatile mnatural
flavour and fragrance ingredients.ﬁ These ingredients
include but are not —restricted to trans-2-cis-6-
nonadienal, trans-2-cis-6-nonadien-1-0l, green note
compounds such as c¢is-3-hexen-1-0l, trans-2-hexenal and
improved complex flavour and fragrance mixtures such as
natural plant extracts and absoclutes.. The above
ingredients are present in a wide variety of f£fruits,
leaves, vegetables and_.dther plant constituents. Due to
their pronounced impact on flavov._ir and fragrance of these
plants, they are widely used as impact ingredients in

flavour and fragrance compositions. Their organoleptic

characteristics range from: fresh, grassy, ,green*, to

cucumber-- and melonlil;e .

Natural short chain, Cg-aldehydes and Ci-alcohols, the so-
called ,green note" compounds are currently isolated from

plants or their essential oils (e.g; mint oil). They can

~also be biosynthetically produced. The FR-Al 2696 192

describes the production of ionones and aldehydes by

contacting a natural source of polyunsaturated fatty acids

with lipoxgenases, hydroxyperoxide lyases and a natural

source of carotene in a 1liquid medium. The WO 95/26413
discloses the conversion of linolenic acid to cis-3-hexen-
1-0l in presence of lipoxygenase, hydroperoxyde lyase and

yeast. The degradation of polyunsaturated fatty acids
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excess of 0.4% Exampl e 1 Smal | scal e production of

frans-2-ci s- 6- nonadi enal Preparati‘on of linseed oil |ipolysate 50 m of
phosphate buffer (pH 7.3; 0.2 M, 50 M linseed oil (Roth AG Karlsruhe,
Germany) and 50 ng |ipase "Candida cyliyndracea” (Biocatalysts Ltd.
Pontypridd, UK) were mxed in a shakimgflask. The m xture was shaken for

according the state of the art is .induced by the
oxygenation reaction at cis-cis double bonds of these
fatty acids. The oxygenation is catalyzed by lipoxygenase
(EC 1.13.11.12)-enzymes. The oxygenated products, fatty
acid hydroperoxides are the precursors for many important
hormones (e.g. prostaglandins) and of flavouf and
fragrance molecules. In plants, cleavage— of the
_hydroperoxides occurs through the action of specific

hydroperoxide lyases.

Natural C,-aldehydes and Cy-alcohols (e;g' trans-2-cis-6-
nonadienal, trans-z-cis-g-nonadien-l-ol) are as such not
available on the market and, so far,.éan only be applied
for flavour and £fragrance cdmpositions via the violet
(Viola. odorata L.) leaf ‘absolute. The important
constituents present in violet leaf extracts among others
are: trans-2-cis-s—noqadienal, trans-2-cis-6-nonadien-le
ol, l-octen-3-o0l, cis-3-hexenyl alcohol and cis-3-hexenyl-
acetate. All these compoﬁnds are derived £from the
oxidative degradation of fatty acids present in the violet
leaves. The violet leaf absolute has a typical green fatty
note .similar to that of cucumbers and is predominantly
used as fragrance component, but also as natural flavour
ingredient in e.g. tropical fruit flavours for its fruity-
cucumber character. Violet 1leaf absolute ié therefore,

widely used in a great variety of flavour and fragrance

compositions.
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24 .hrs a_t 37[err]C at 220 rpm and subsequently centrifuged. The upper i
phase (linseed oil |ipolysate) was coll ected. Gener ati on of
g err].-al dehydes and Cerr]-al cohol s Using a small nebulizer, 300 g of

harvested viol et |eaves were sprayed wgth a mixture of: 100 nl sodium

phosphat e

buffer (50 MM pH 6.5), 2 nm=of linseed oil |ipolysate and 120

[err]l of Antifoam Dow 1520. The noi stened | eaves were Ileft at room
tenperature for 17 hrs. Then 20 g of the spray-treated violet |eaves, 100
m of sodi um phosphate buffer (50 M pH 6.5) and 1 m of l|inseed oil

l'i polysate

Due to the solubility characteristics of the absolute and

the presence of other natural by-notes such as the flowery
ionones and the fatty acids, it cannot be used in all
requested dosages foﬁ:‘ flavour applications. It 1is
the_;:efore, highly desirable to provide the above natural

Cy-aldehydes and Cg-alcohols in a higher concentration

with a relatively lower content of other by-notes.

The present invention provides a process for the
production of _fatty acid degradation products, especially
C,-aldehydes and C,-alcohols, by oxidative biochemical
degradation of unsaturated fatty acids, characterized by
oxidative biochemical degradation of a plant biomass
containing fatty acids and enzymes for the oxidative
degradation in the presence of additional unsaturated

fatty acids.

The specific énzymes present in the various plant
materials catalyze the degradation of fatty acids to
important flavour and fragrance products. The present
process takes advantagé of the presence of these enzymes
to degrade also the additional fatty acids and thereby
overproducing the desired compounds. In particular,
according to the process of the invention natural ' Cy-
aldehydes and Cy-alcochols are overproduced in the presence
of additional precursof fatty acids. In addition to the
overproduction of the desired compounds less undesired by-

products are obtained and the solubility characteristics
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~were added to a Waring bl ender. The m xture was sheared - for
mn. at high speed setting and was stibsequently transferred to a

three- necked fl ask equi pped with a nechanical stirrer. The reaction nixture
was stirred at 700 rpmfor 30-min. at rogmtenperature during which tine

air

was

continuously added to the

adspace. For

of the extract. or absolute is improved. The invention
provides improved complex flavour and fragrance mixtures
such as natural plén;”extfécts and absolutes. Examples for
desired degradation products are trans-2-cis-6-nonadienal,
trans-2-cis-6-nonadien-1-ol and green note compouhds such
as cis-3-hexen-1-ol and trans-2-hexenal.

Plant material used fo; the process of the invenﬁion
containing the precursor fatty acids as well as enzymeé
for degrading the precursor fatty acids are well known to
the skilled person. The precursor fatty acids and enzymes
are present. in a wide variety of fruits, leaveg,
vegetables and other plant constituents. Therefore, a
variety of plant material c.an be used to carry out the
process of the ihvention. Preferred are plants whichiare
rich in the necessary enzymes for the specific degradation
of the fatty acids (e.g. lipoxygenase and h&droperoxide
lyase). The product obtained using such plant material
depend on the specificity of the enzymes present in these
plants. For six-carbon aliphatic aldehydes and alcohols,
plants containing high levels of lipoxygenase with a C-13
specificty and for nine-carbon aliphatié aldehydes and
alcohols plants with lipoxygenase with a C-9 specificity
are preferred. It is also possible to combine material

from more than one specific plant in order to obtain an

optimized distribution of the desired enzymes.
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determ nation of the content of (ferr]-aldehydes and - al cohols, 10 nl of
the reaction mxture -was steam distilled and the resulting water phase
Was subsequently extracted with 2 ml nethyl-t-butylether. The anount of
i ndi vidual volatiles was determned by gas chromatographic analysis. The
amount of trans-2-cis-6-nonadi enal a%& trans- 2-ci s- 6- nonadi enol wer e
661 ng - and 44 ng respectively, per kg plant material processed.
Among  others the follow ng additional conpounds were found in the
reaction mxture: hexanal, cis-3-hexenal, cis-3- hexenol,
trans- 2-hexenal , trans-2-hexenol, 1-octen-3-ol, trans-2-nonenal . - Exanple
2 - Pilot-scale production of trans-2-cis-6-nonadienal \ \
Representative ' plant materials include: violet (Viola
odorata L.) 1leaves; cucumber (Cucumis sativus) léaves,
seeds and fruits; melon (Cucumis melo) leaves, seeds and
fruits; watermelon (Citrullus 1lanatus) leaves, seeds and
fruits; pumpkin (Cucurbita' maxima) leaves, seeds and
fruits; pear (Pirus piraster) leaves and fruits; borage
(Borago officinalis) leaves; tomato (Lycopersicon
lycopersicum) leaves - and frdité; potato  (Solanum
tuberosum) leaves and tuber; soybean (Glycine max) fruit
and seed. It is a matter of course, that it is not
possible to give a complete list of plant materials which

can be used as. enzyme sources.

The precursor unsaturated fatty acids are added to the
fplant' material at once or at different stages of the
process. They may be added to the disintegrated plant
material, the biomass or to.the plant material before or.
after harvesting. The precursor unsaturated fatty acid
iﬁclude among others: linoleic acid,.(alpha- and gamma-)
linolenic acid, arachidonic acid, . eicosapentaenocic acid
and docosahexaenoic acid. Different unsaturated fatty

acids may be applied before and after harvesting.

The preferred plant material is violet 1leaf. Violet
leaves .are available almost all year round and are
cultured mainly in the southern part of France (i.ef
fegion of Grasse). These leaves are harvésted at least

three times per year. Therefore, plant material on a large
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Preparation of

linseed oil lipolysate 1500 ml of phosphate buffer (pH.

7.3; 0.2 M, 1500 m linseed oil and:'1500 ng |ipase "Candi da cylindracea"
were mxed in a stirring vessel. The mixture was stirred for 24 ..

-12-

:Q:

scale is available. Plants grown in a greenhouse are also

useful for the process of the invention.

The plant material has to be harvested without
inactivating the endogeneous enzymes, i.e. the plant
leaves_ have to be kept intact. Preferably the plant'

material is stored for as a short period as possible and

-under controlled humidity condltlons, in order not to

inactivate the enzymes present in the plant material by
drying. If a longer period of storage is'necessary, the
plant material should be kept under cool conditions (4° to

10°C) for not more than about ten days;

Unexpectedly, prior spraying ‘of the harvested plant
material with an unsaturated fatty acid in addition to a
precursor fatty acid added to the actual biochemical

reaction led to increased yields of the process. It is

therefore, preferred to spray the plant wmaterial with a

mixture of precursor fatty acid (e.g. linolenic acid) in
water or a buffer solution between 1 and 24 hrs,
preferably between 5 and 16 hrs, prior to the actual

biochemical degradation reaction. Alternatively or

"additionally, the precursor fatty acid composition may be

sprayed Dbefore harvesting onto the plant material.MThe
plant material can be .treated repeatedly in intervals of

days or only once, prior to processing it to a biomass.




hrs 'at 37[err] C and 220 rbn1and subsequently centrifuged. The upper phase

(linseed oil |ipolysate) was collecteéd. Production of

tTans- 2-ci s- 6- nonadi enal The followi ng ingredients were mxed in a spray
pump: 0.4 kg of sodi um phosphate buffers(1 M pH 6.5), 7.6 kg of tap

wat er, 0.167 kg of- linseed oil |ipolysate, 10 g of Antifoam Dow 1520. 24

kg of harvested violet |eaves were sprayed with the above m xture using
the spray punp. Mxing was periodically repeated to avoid separati-on of
t he phases (water / fatty acid). The | eaves -were turned

The unsaturated fatty acids to be added to the plant
material can. be prepared by known methods such as
treatﬁent of vegetable oiis with a qommercial lipase. The
amount _of unsaturated fatty acid used in the current
process depends on various factors -such as levels of
enzyme activity present in the plant material, desired
product etc. Typically, unsaturated fatty acids are used
in amounts of about 0.1 % to 10 %, preferably 1 % to 5 %,
of the weight of the plant material. i

A number of fatty acid degradation- products useful as
natural flavour and fragrance ingredients can be provided
by the process of the present invention. Examples for
flavour and fragrance ingredients prepared by the process
of the invention are: trans-2-cis-6-nonadienal, trans-2-
cis-6-nonadien-1l-0l1, cis-3-hexen-1l-cl, trans-2-hexenal,
cis-3-~-hexenal, cis-3-cis-6-nonadienal, cis-3-cis-6-
nonadien-l-ol, hexanal, hexanol, cis-3-nonenal, cis-3-
nonen-l-o0l, trans-2-nonenal, trans-z-nonen-i-ol, trans-2-
cis-6-nonadienyl ethylester and mixtures thereof,
contained in viqlet leaf absolute and other plant extracts
and absolutes. The preferred ingrediénts include trans-2-
cis-6-nonadienal and a violet leaf absolute with an
. increased content of natural trans-2-cis-6-nonadienal - and

trans-2-cis-6-nonadien-1-ol.

To convert aliphatic aldehydes obtained by the process of

the invention into alcohols alcohol dehydrogenase may be
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and sprayi ng was repeated once. Then the.npistened | eaves mere'leff'for 17

hrs at roomtenperature. Si x reaction batches were perfornmed. For each
batch 19 kg of tap water, 1 kg of sodi um phosphate buffer (1 M pH 6.5)
and 0.2 kg of linseed oil lipolysate werg filled into a 30 1 mixer-cutter

(Stephan Uwv44; A. Stephan u. S6hne GrbH=& Co., Hanel n, Gernmany) -equi pped
with rotating knives. The ingredients were m xed shortly to form an

enul sion. 4 kg of pretreated | eaves were added to the enulsiom and cut for
30 min. while air was introduced. The six reaction batches were pool ed
and 50 kg of tap

added. As a source of alcohol dehydrogenase active baker's

For the biochemical reaction, the plant material is mixed
with the fatty acid or its solution and with water or a
buffer solution successively or simultaneously. The ratio
of aqueous liquid to plant material can vary i the range
from 1 to 1 up-to 10 to 1, preferably 5 to 1 on a weight
basis. Immediately after mixing the plant material is
sheared and blended to obtain a biomaés. As Dbuffer
solution typically a 10 to 100  mM solution of sodium or
potassium phosphate buff;r is used. A supply of air has to

be guaranteed during the reaction.

It is.important that the plant material is disintegrated
very f'i'ne'ly in order to increase the release of active
enzymes. The precursor unsaturated fatty acid can be added
simultaneously with the disintegration or on a continuous
basis as the biochemical reaction proceeds very fast. The
disintegration is usually continued for 10 to 60 min.
Typically the reaction mixture is maintained during the
degradation reaction at room temperature (i.e. between 15
to 25°C). The plant material is disintegrated. by
techniques such as high speed blenders, mixers, shearing

or chopping devices.

The desired compounds can be isolated from the reaction

slurry by standard methods such as steam distillation. The
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water were added to the m xture. The vol.atiles were isolated by ™
steamdistillation. Atotal of 62 1°'of distillate was collected which was
Subsequently extracted - 13- with 5 1 of
hexane. The sol vent was evaporated on agrotavapor at 50[err]C and 20 nbar
vacuum Residual water was renoved manggk|ly using a separatory funnel.
After renoval of the solvent 7.9g of product was obtained with a content

distillate_can be extracted with a suitable solvent such.
as hexane or methyl-t-butylether. After separatioﬁ of
aqueous and organic phases, the product is obtained from
the organic phase by evaporation of the solvent.
Alpefnatively, the reaction slurry may be extracted with a
suitable solven_t such as hexane or methyl-t-butylether.
After evaporation oﬁ the sblVent} the resulting product is
dissolved in ethanol and the ethanol insoluble material is
precipitated by cooling the solution to -10°C for 10 to 24
hrs. The ethanoi insoluble material is subsequently
removed by centrifugation and the ethanol is evaporated to

yield a new quality of violet leaf absolute.

The process of the invention provides an overproduction of
the degradation products. The treatment of plant material
with the additional unsaturated fatty acid prior to the
actual biochemical reaction to which the precursor fatty
acid is added enhances the yields of the desired product
further significantly. The process provides a new and '
efficient method for the over-production of natural
aliphatic aldehydes and alcohols, preferably C;-aldehydes
and Cy,-alcohols, in mixtures e.g. extracts of reaction
slurries which may be further purified. The process
yields, depending on the'quality of the plant materiai and
the conditions of the process, more than 100 mg and under
preferred conditions more than 600 mg per kg plant
materia; of trans-2-cis-6-nonadienal and more than 10 mg

per kg plant material of trans-2-cis-6-nonadien-l-ol. The
REPLACEMENT SHEET .|
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of 75 % of trans-2-cis-6-nonadi enal . Exampl e 3 Producti on of

t rans- 2-ci s- 6- nonadi enal The linseed oil |ipolysate was prepared as
‘described in Exanple 2. Before harvesting, violet plants were sprayed
using a spray punp with the follow ng mxture: 0.4 kg of sodium phosphate
buffer (1 M pH6.5), 7.6 kg of tap water, 0.167 kg of linseed oil
lipolysate, 10 g of Antifoam Dow 1520: The plant material was harvested 17
hrs after spraying and used directly for the production of (err]-al dehydes
and C[err]- alcohols. 19 kg of tap water, 1 kg of sodi um phosphate buffer
(LM pH®6.5 and 0.2 kg of linseed oil |ipolysate were filled into a 30 1

moersouiter (5k8Bagn Mdl GRUPASSs " LOLALL"%E M0y B | Ry °PiSAES
' material of violet leaf absolute with a content of trans-
2-cis-6-nonadienal andh i:rans-z—cis-G—nonadien-l-fol in

excess of 0.4%.

Example 1

Small scale production of trans-2-cis-6-nonadienal
E I 3 E ] L] i l] ] 1] ] I

50 ml of phosphate buffer (pH 7.3,- 0.2 M), 50 ml linseed
oil (Roth AG, Karlsruhe, Germany) and 50 fng lipase
"Candida cylindracea" (Biocatalysts Ltd., Pontypridd, UK)
were mixed in a shaking flask. The mixture was shaken for
24 hrs at 37°C at 220 rpm and subsequently centrifuged.

The upper phase (linseed oil lipolysate) was collected.
‘Generation of C.,-aldehydes and C.,-alcohols

Using a small nebulizer, 300 g of harvested violet leaves
were sprayed with a mixture of: 106 ml sodium phosphate
buffer (50 mM, pH 6.5), 2 ml.of linseed oil lipolysate and
120 pl of Antifoam Dov} 1520. Thé moistened leaves were
left at room temperature for 17 hrs. Then 20 g of the
spray-treated violet leaves, 100 ml of sodium phosphate
buffer (50 mM, pH 6.5) and 1 ml of linseed oil lipolysate

were added to a Waring blender. The mixture was sheared

R
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shortly to forman enulsion. 4 kg of pretreated. freshly harvested | eaves
were added to the emul sion and cut for 30 min. while air was introduced.
The vol atiles were isolated by steamdistillation. The distill.ate was
col l ected and subsequently extracted w 4.

-14-

—

for 2 min. at high speed setting and was subsequently

| transferred to a three-necked flask equipped with a

mechanical stirrer. The reaction mixture was stirred at
700 rpm for 30 min. at réom temperature duriﬁg which time
air was continuously added to the headspace. For
determination of the content of Cy,-aldehydes and -
alcohois, 10 ml of the reaction mixture -was steam
distilied and the resulting water phése was subSequehtly
extracted with 2 ml meﬁhyl-t-butylether. The amount of
individual volatiles was determined by gas chromaﬁographic
analyéis. fhe' amount of trans-2-cis-6-nonadienal and
trans-z-cis-é-nonadienol .were. 661 mg and 44 mg
respectively, pef kg plant material processed. Among

others the following additional compounds were found in

‘the vreaction mixture: hexanal, cis-3-hexenal, cis-3-

hexenol, trans-2-hexenal, trans-2-hexenocl, 1l-octen-3-ol,

trans-2-nonenal.

Example 2

Pilot-scale production of trans-2-cis-6-nonadienal

1500 ml of phosphate buffer (pH 7.3; 0.2 M), 1500 ml
linseed o0il and 1500 mg lipase "Candida cylindracea" were

mixed in a stirring vessel. The mixture was stirred for 24
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0.81 of hexane. The sol vent was evaporated on a vacuum r ot avapor at
SO0[err]C and 20 nmbar vacuum Residual water was renoved manual |y using a
separatory funnel. The Cerr]- aldehydes and ({err]-alcohols were
identified by gas chromatography. _Exanple 4 Production of a

viol et-1eaf absolute Production of |iTSeed oil |ipolysate and of the
.reaction mxture was as described in Exanple 2. 0.5 1 of the reaction

m xture were extracted with an equal vol une of hexane. The pl ant
particulate material was renoved by filtration through three | ayers of
cheesecloth ("Mracl oth", Cal biochem Novabi ochem Corp., La Jolla, CA

hrs at 37°C and 220 rpm and subsequently centrifuged. The

upper phase (linseed oil lipolyéate) was collected.

The following ingredients we;é mixed in a spray pump: 0.4
kg of sodium phosphate buffer (1 M, pI-I 6.5), 7.6 kg of tap
water, 6.167 kg of- linseed o0il 1lipolysate, 10 g. of
Antifoam Dow - 1520. 24 kg of harvested violet leaves were
sprayed with the above mixture using the spray pump.
Mixing was periodically repeated to avoid separation of
the phases (water / fatty acid). The leaves were turned
and spraying was repeated once. Then the moistened leaves

were left for 17 hrs at room temperature.

Six reaction batches were performed. For each batch 19-k§
of tap water, 1 kg of sodium phosphate buffer (1 M, pH
6.5) and 0.2 kg of linseed o0il lipolysate were filled inéo
a 30 1 mixer-cutter (Stephan UM44; A. Stephan u. S&hne
GmbH & Co., Hameln, Germany) equipped with rotating
knives. The ingredients were mixed shortly to form an
emulsion. 4 kg of pretreated lea.ves were added to the

emulsion and cut for 30 min. while air was introduced.

The six reaction batches were pooled and 50 kg of tap
water were added to the mixture. The volatiles were
isolated by steam-distillation. A total of 62 1 of

‘distillate was collected which was subsequently extracted
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USA). The filtrate was transferred into a separatory funnel and the aqueous
Ehase was renoved. The organi c phase was washed three tinmes with 250 m of
M NaCl . Subsequently, the solvent was evaporated on a rotavapor at
50[err] C and 80 nbar vacuum The thus olktai ned "concrete” was dissolved in
8 volunmes parts of cold ethanol per 1 weFght part of concrete and stirred
in a three necked flask for 20 hrs at -10[err]C. The precipitate fornmed
was renoved fromthe ethanolic solution by centrifugation (5000 x g, 15
mn.) and the solvent was evaporated on a rotavapor (50[err]C, 80 nbar

.with 5 1 of hexane. The solvent was evaporated on a
rotaﬁapof at~50°C and 20 mbar vacuum. Residual water was
removed manually using a separatory funnel. After removal
of the solvent 7.9g9 of product was obtained with a content

of 75 % of trans-2-cis-6-nonadienal.
Example 3 . =
Production of trans-2-cis-6-nonadienal

The linseed oil lipolysate was prepared as described in
Example 2. |

éefore harvesting, violet plants were sprayed using a
spray pump with the following mixture: 0.4 kg of sodium
phosphate buffer (1'M, pH 6.5), 7.6 kg of tap watexr, 0.167
kg of linseed oil lipolysate, 10 g of Antifoam Dow 1520.
The plant material was harvested 17 hrs afﬁer spraying and
used directly for the production of Cy,-aldehydes and C,-
alcohols. 19 kg of tap water, 1 kg of sodium phosphate
buffer (1 M, pH 6.5) and 0.2 kg of linseed oil 1ipolyséte
were filled into a 30 1 mixer-cutter (Stephan UM44)
equipped with rotating knivés. The ingredients.were mixed
shortly to form an emulsion. 4 kg of pretreated freshly
harvested leaves were added to the emulsion and cut for 30

min. while air was introduced.

The volatiles were isolated by steam-distillation. The

distillate was collected and subsequently extracted with
REPLACEMENT SHEFT |
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- 15- vacuun). 2.7 g of absolute were obtained with a content of 0.4%
trans-2-ci s-6-nonadi enal, corresponding to approxi- mately 28 g absolute
‘per kg of violet |eaves. :

14

0.81 of hexane. The solvent was evaporated on a vacuum
rotavapor at 50°C and 20 mbar vacuum. Residual water was
removed manually using a separatory funne15 The C,-
aldehydes and Cg-alcohols were identified by gas
chromatography.

Example 4 . | -
Production of a violet- ]_.eaf absolute

Production of linseed oil lipolysate and of the reaction
mixture was as described in Example 2.

0.5 1 of the reaction mixturé were extracted with an equal

volume of hexane. The plant particulate material was

removed by filtration through three layers of cheesecloth
("Miracloth", Calbiochem-Novabiochem Corp., La Jolla, Ca,

UsSA). The filtrate was transferred into a separatory
funnel and the aqueous phase was removed. The organic
phase was washed three times with 250 ml of 1 M NacCl.

Subsequently, the solvent was evaporated on a rotévapér at
50°C and 80 mbar vacuum. The thus obtained "concréte" was
dissglved in 8 volumes parts of cold ethanol per 1 weight
part of concréte and stirred in a three necked flask for

20 hrs at -10°C.

The precipitate formed was removed from the ‘ethanolic
solution by centrifugation (5000 x g, 15 min.) and the

solvent - was evaporated on a rotavapor (50°C, 80 mbar
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" vacuum). 2.7 g of absolute were obtained with a content of
0.4% trans-2-cis-6-nonadienal, corresponding to approxi-

mately 28 g absolute per kg of violet leaves.
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Process for the production of fatty acid degradation
products, by oxidative biochemical degradation of
unsaturated -“fatty acids, characterized by oxidative
biochemical degradation of a plant biomass—containing
unsaturated fatty acids and enzymes for the oxidai:ive
degradation in the presence 6f additional unsaturated

fatty acids.

Process according to claim 1, whereby the unsaturated

fatty acid is added to harvested plant material.

Process according to one of the preceeding claims,
whereby the unsaturated fatty acid is added at the
beginning and/or during the biochemical degradation

reaction.

Process according "to one of the preceeding claims,
whereby the plant material is sprayed at least once
with the unsaturated fatty aéid up to 24 hours,
preferably 5 to 16 hours, prior to the biochemical

degradation reaction.

Process according to one of the preceeding claims,

whereby the unsaturated fatty acid is added to the

plant material before harvest:.ng

“ﬁﬁ'iimi‘i‘ilﬁﬂi”m N
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1.~ Process _for the production of fatty .acid degradation products,' by
oxi dati ve bi ocheni cal degradati on of unsaturated fatty acids,

char act er gmﬂ'ﬁ ' [ : bi ochem cal degradation of a plant bionass
contai nin m:"mmlmmi fatty acids;and enzynes for the oxidative
degradatiorf i f t ke presence of an addi t+enal unsaturated fatty acid
.which is sprayed onto the plant - material prior to the biochem cal
reaction and f.or the " biochem cal reaction the plant material is m xed
W th the fatty acid and water and the plant material is
di.sintegrated to the plant bionmass. 2. Process according to claiml,
wher eby the unsaturated fatty acid is added to harvested pl ant

materi al . 3. Process according to one of the preceding clains,

6. Process according to one of the preceeding claims,
whereby the additional unsaturated fatty acid is

linolenic acid.

7. Proéess according to one of the preceeding claims,
whereby aliphatic Cy-aldehydes. and C,-alcohols are

_ préduced .

8. Process according to one of the preceeding claims,
wﬁereby the enzymes are lipoxygenase and hydroperoxid

lyase.

9. Process according to one of the preceeding claims,
whereby the plant biomass is disintegrated violet

leaves.
10. Process according to one of the preceeding claims,
whereby plant material is disintegrated in a buffer

solution to the starting biomass.

11. Flavour and fragrance materials obtained by the

process according to one of the claims 1 to 10.

12. Trans-2-cis-6-nonadienal as compound according to

claim 11.
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whér eby t terial is sprayed at, | east once with the
unsaturated fatty acid up to 24 hours

, preferably 5 to 16 hours, prior
to the bi jmmc"m,m” adation reaction. 4. Process according to one
of the pr ﬁm whereby thg, unsaturated fatty acid is added to
t he pl ant ‘mater al Sbefore harvesti n&—

13. Trans-2-cis-6-nonadien-1-ol as compound according to
claim 11.
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5. "Process according to one of t he pfebeeding cl ai s, wher eby the

addi tional unsaturated fatty acid is | i nol eni c aci d. 6. Process

according to one of the preceeding.clains, . whereby aliphatic

Cl.err]-al dehydes and (ferr]-al cohols arg. pr oduced. 7. Process

according to one of the preceedi ng cl airms, wher eby the enzynes are

| i poxygenase and_hydroper oxi d l yase.

T POxyd PROCESS FOR THE PROD‘U%TION OF DEGRADATION PRODUCTS OF FATTY
ACIDS

Abstract

Fatty acid degradation products are over-produced by
oxidative biochemical degradation of- a plant biomass
containing unsaturated fatty acids and enzymes for the
degradation in the presence of additional wunsaturated
fatty acids. This degradation products are natural flaGour

and fragrance ingredients.
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<8. Process according to one of the preceeding clains,
bl omass | s—disintegrated violet

il eaves.

the preceeding clai ns,

wher eby pl ant® materi al

9. Prpusese e

Mher eby the plant
ording to one of
is disintegrated in a

vatert ars obIMNAM BBENAIN o ooses 2287 i ng' o oo of he el o e 1 to o

*

11. Trans-2-¢i s¢6-horadienal

Claims

as conpound according to
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wand

Process for the production of fatty acid degradation
products, by oxidative biochemical degradation of
unsaturated fatty acids, characterized by oxidative
biochemical degradation of a plant biomass containing
unsaturated fatty acids and enzymes for the oxidative
degradation in the

presence of an additional

unsaturated fatty acid which is sprayed onto the plant

material prior to the biochemical reaction and for the

biochemical reaction the plant material is mixed with

the fatty acid and water and the plant material is .

disintegrated to the plant biomass.

Process according to claim 1, whereby the unsaturated

fatty acid is added to harvested plant material.

Process according to one of the preceding claims,

whereby the plant material is sprayed at least once

" with the unsaturated fatty acid up to 24 hours,

preferably 5 to 16 hours, prior to the biochemical

degradation reaction.

Process according to one of the preceding claims,
whereby the unsaturated fatty acid is added to the

plant material before harvesting.
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?12. Trans- 2- ci s- 6- nonadi en- 1-ol as conpound according to ° clai m 10.

.

t

Process according to one of the preceeding claims,

"m

whereby the additional wunsaturated fatty acid is

linolenic acid.
6. Process according to one of the preceeding claims,
whereby aliphatic Cy-aldehydes and Cyg-alcohols are

produced.

. DProcess according to one of the preceeding claims,

'\1

whereby the enzymes are lipoxygenase and hydroperoxid

lyase.

8. Process éccording to one of the preceeding claims,
whereby the plant biomass is disintegrated wviolet

leaves.

9. Process according to one of the preceeding claims,
whereby plant material is disintegrated in a buffer

solution to the starting biomass.

10. Flavour and fragrance materials obtained by the

process according to one of the claims 1 to 3.

11. Trans-2-cis-6-nonadienal as compound according to

claim 10.




O —

12. Trans-2-cis-6-nonadien-1-0l as compound according to

claim 10.
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