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PRODUCTS COMPRISING, AND USES OF, DECARBOXYLATED
PHENOLIC ACIDS DERIVED FROM CHLOROGENIC ACIDS OF COFFEE

Field of the invention

The present invention relates to uses of decarboxylated phenolic acid derived from
chlorogenic acid of coffee as well as products comprising decarboxylated phenolic acid
derived from chlorogenic acid of coffee, especially a coffee extract, and methods of

producing such products.

Background

Coftee and coftec active compounds such as caffeine and diterpenes (e.g. cafestol,
kahweol) have been shown to induce detoxifying enzymes (e.g. glutathione-S-
transferases, GST) (Cavin C. et al, 1998. The coffee-specific diterpenes cafestol and
kahweol protect against aflatoxin Bl-induced genotoxicity trough a dual mechanism.
Carcinogenesis 19, 1369-1375; Cavin, C. et al, 2003. Coffee diterpenes prevent
benzola]pyrene genotoxicity in rat and human culture systems. Biochemical Biophysical
Research Communication 306, 488-495; Huber, W. et al. 2002a. Enhancement of the
chemoprotective enzymes glucuronosyl transferase and glutathione transferase in
specific organs of the rat by the coffee components kahweol and cafestol. Archive of
Toxicology 76, 209-217). Increased GST activity by coffee has been further
demonstrated 1n human following consumption of 800 ml of coffeec for 5 days
(Steinkellner, H. et al. 2005. Coftee consumption induces GSTP 1n plasma and protects
lymphocytes against (+/-)-anti-benzo[a]pyrene-7,8-dihydrodiol-9,10-epoxide induced
DNA-damage: results of controlled human intervention trials. Mut. Res. 591 264-275).

This kind of antioxidant activity 1s known to protect agamst “oxidative stress” by
reducing damaging free radicals that may be mmplicated ¢.g. in cancer, heart disease,

degenerative brain disorders and ageing.

Alzheimer’s disease (AD) 1s a progressive necurodegenerative disease and the most

common form of dementia, symptoms being ¢.g. memory loss, confusion, mood swings,
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and cognitive decline. It 1s characterized by the presence of extracellular amyloid
plaques and intrancuronal neurofibrillary tangles 1 the brain, of which the main
constituent 1s fibrillar aggregates of a 39-42 residue peptide referred to as the amyloid
beta protein (Af). AP fibril formation 1s thought to play a central role in the etiology of
AD. Several pathogenic AD mutations have been shown to result m increased A
levels, especially of the variant AB42. Amyloid fibril formation 1s therefore thought to
be the cause of discase progression and neurodegeneration i AD. It has been
demonstrated by 1 vitro studies that AP fibril formation occurs via a complex multi-
step mechanism that involves discrete soluble oligomeric intermediates termed ADDLS
or protofibrils (PFs), which disappear upon fibril formation. This suggests that PFs may
be AD’s pathogenic species. A number of other diseases in humans and animals involve

protein aggregation, ¢.g. macular degencration, Bovine spongiform encephalopathy

(BSE), Creutzfeldt-Jakob disease, and diabetes.

To increase the health benefits of food and beverage products there 1s a desire to
produce products with an increased antioxidant activity, as well as other beneficial
biological activities, and to find natural sources of antioxidants and other compounds
with beneficial biological activities, that can be used to enhance the properties of food

and beverage products as well as ¢.g. in cosmetic and medical products.

Summary of the invention

The 1nventors have now found that decarboxylated phenolic acids derived from
chlorogenic acid of coffee have antioxidant and anti-inflammatory propertics, as well as
being effective to mhibit and/or retard the aggregation of amyloid beta peptides, and
that they can be produced from a coffee extract, yielding a coffee extract with enhanced
antioxidant and anti-inflammatory propertics. Accordingly, the mvention relates to a
method of producing a coffee extract comprising decarboxylated phenolic acid derived
from chlorogenic acid of coftee, the method comprising: a) extracting coffee beans with
water and/or steam to produce a coffee extract; and b) treating the coffee extract to
hydrolyse chlorogenic acid present in the extract to phenolic acid, and to decarboxylate
the resulting phenolic acid. In further aspects the invention relates to a a coffee extract

comprising decarboxylated phenolic acid derived from chlorogenic acid of coffee, a
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method of producing a food or beverage product, a food or beverage product
comprising decarboxylated phenolic acid derived from chlorogenic acid of coffee, and

to uses of decarboxylated phenolic acid derived from chlorogenic acid of coffee.

Brief description of the figures

Figure 1 shows the results of an assay of the ability of 4-vinylcatechol to reduce and/or
block the formation of amyloid fibrils from monomeric amyloid beta peptides. White
bars are control; light grey bars are a ratio of AP42 to 4-vinylcatechol of 1:0.5 (molar
ratio); dark grey bars are at a ratio of AB42 to 4-vinylcatechol of 1:2 (molar ratio).

Figure 2 shows the results of an assay of the ability of 4-vinylcatechol to reduce and/or
block the formation of amyloid fibrils from protofibrils of amyloid beta peptides. Whate
bars are control; light grey bars are a ratio of AB42 to 4-vinylcatechol of 1:0.5 (molar

rati0); dark grey bars are at a ratio of APB42 to 4-vinylcatechol of 1:2 (molar ratio).

Detailed description of the invention

Chlorogenic acids are a family of esters formed between trans-cinnamic acids and quinic
acid. Chlorogenic acids are naturally present in coffee, mainly as mono- and di-esters of
quinic acid and phenolic groups (e.g. caffeic, ferulic, coumaric, methoxycinnamic)
attached to different positions. Chlorogenic acids may be hydrolysed to yield phenolic
compounds such as caffeic acid and ferulic acid. These phenolic compounds can be
further transformed by decarboxylation. This mvention relates to decarboxylated
phenolic acid derived from chlorogenic acid of coffee. By the term chlorogenic acid of
coffee 18 meant one or more chlorogenic acids that are naturally found 1n coffee and that
contam a phenolic group, whether actually derived from coffee or from another source.
In a preferred embodiment chlorogenic acid of coffee 1s actually derived from coffee.
Chlorogenic acids naturally present in coffee are ¢.g. cattcoyl quinic acids (CQA) (such
as ¢.g. 3-, 4-, or S-caffecoyl quinic acid), and diesters, feruloyl quinic acids (FQA) (such
as ¢.g. 3-, 4-, or S-feruloyl quinic acid) and diesters, and dimethoxycinnamoyl quinic
acids (DMCQA) (such as e.g. 3-, 4-, or 5-dimethoxycmnamoyl quinic acid) and

diesters.
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Chlorogenic acids of coffee may be hydrolysed to generate phenolic acids, ¢.g. CQA
may be hydrolysed to generate caffeic acid (CA), FQA may be hydrolysed to generate
ferulic acid (FA), and DMCQA may be hydrolysed to generate dimethoxycinnamic acid
(DMCA). Phenolic acids generated by the hydrolysis of chlorogenic acids of coffee may
further be decarboxylated to generate decarboxylated phenolic acid derived from
chlorogenic acid of coffee; ¢.g. CA may be decarboxylated to generate 4-vinylcatechol,
FA may be decarboxylated to generate 4-vinylguaiacol, and DMCA may be

decarboxylated to generate 4-vinylveratrole.

In onec embodiment of the invention decarboxylated phenolic acid derived from
chlorogenic acid of coffee 1s 4-vinylcatechol or a methoxy derivative thercof. Methoxy
derivatives of 4-vinylcatechol are e¢.g. 4-vinylguaiacol and 4-vinylveratrole. In a
preferred embodiment of the invention decarboxylated phenolic acid derived from
chlorogenic acid of coffee 1s selected among 4-vinylcatechol, 4-vinylguaiacol, 4-

vinylveratrole, and mixtures thereof.

The nvention relates to a coffee extract comprising decarboxylated phenolic acid
derived from chlorogenic acid of coffee, the coffee extract may comprise one or more
ccarboxylated phenolic acids derived from chlorogenic acid of coffee. The coffee
extract of the invention may be an extract of roasted coffee beans, green coffee beans,

or both.

In one embodiment of the invention the coffee extract comprises at least 0.1 milligram
total of 4-vinylcatechol, 4-vinylguaiacol and 4-vinylveratrole per gram of dry matter,
such as at lcast 1 at lecast 2, at Ieast 5 or at least 20 milligram per gram of dry matter. In
another embodiment the coffee extract comprises at least 0.1 milligram of 4-
vinylcatechol per gram of dry matter, such as at least 1 at least 2, at least 5 or at least

20 muilligram per gram of dry matter.

According to the method of the invention, chlorogenic acids may be transformed into
decarboxylated phenolic acid derived from chlorogenic acid of coffee by hydrolysing

chlorogenic acid into phenolic acid and decarboxylating the resulting phenolic acid, as
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described above.

The hydrolysis and decarboxylation reactions may be performed separately or they may

be overlapping in time.

The transformation of chlorogenic acids may be performed by any suitable method. In
onc embodiment of the mvention the transformation is performed by one or more
microorganisms capable of transforming chlorogenic acids 1 the coffee.
Microorganisms capable of transforming chlorogenic acids may ¢.g. be identified as
disclosed 1n the examples of this application. Suitable microorganisms may be yeast,
c.g. Bakers yeast; fungi, ¢.g. an Aspergillus; or bacteria, ¢.g. a lactic acid bacteria, ¢.g.
a Lactobacillus, such as ¢.g. L. johnsonii (CNCM 1-1225). In one embodiment of the
invention the microorganism capable of transforming chlorogenic acids 1s a lactic acid
bacterium. In another embodiment of the invention two or more microorganisms are
used to transform chlorogenic acids, €.g. one or more microorganisms capable of
hydrolysing chlorogenic acids into phenolic acid, and one or more microorganisms

capable of decarboxylating phenolic acid.

Transformation of chlorogenic acids may be performed by incubating the coffee extract
with a microorganism capable of transforming chlorogenic acids under conditions
suitable for the growth of the specific microorganism for the time necessary to achieve
the required transformation of chlorogenic acids. The specific conditions can easily be

determined by the skilled person, ¢.g. with reference to the examples contained herein.

In another embodiment of the mvention the transformation of chlorogenic acids 1s
performed by one or more suitable microorganisms by the use of non-replicative
microorganisms (¢.g. lysed microbial cells). By incubating coffee extract with lysed cells
under suitable conditions, enzymes present in the cell lysate may transform chlorogenic
acids. Suitable cells may e.g. be cells of the microorganisms mentioned above. Suitable

methods for producing cell lysate are known 1n the art.

The amount of microorganism and conditions of the transformation should be suitable

to achieve the desired transformation of chlorogenic acids, and can be determined by
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the skilled person by routine methods, ¢.g. using the methods disclosed 1n the examples

herein.

In another embodiment the transformation of chlorogenic acids 1s performed by the use
of one or more enzymes capable of transforming chlorogenic acids. In one embodiment
at least two enzymes are used, at least one enzyme capable of hydrolysing chlorogenic
acids to generate phenolic acid, and at least one enzyme capable of decarboxylating the
resulting phenolic acid. A suitable enzyme for hydrolysing chlorogenic acid 1s ¢.g. an
esterase ¢.g. chlorogenate esterase derived from Aspergillus japonicus (Kikkoman,
Japan). A suitable enzyme for decarboxylating phenolic acids 1s ¢.g. a decarboxylase
(EC 4.1.1.X), ¢.g. pyruvate decarboxylase (EC 4.1.1.1). The enzymatic transformation
may be performed by conventional methods for enzymatic reactions, ¢.g. by dissolving
or suspending enzyme(s) 1n the coffee extract under conditions suitable for the required
enzyme activity. The enzyme(s) may be inactivated, e¢.g. by heating, after the
transformation has taken place. Enzyme(s) to be used may also be immobilised, ¢.g. on
a membrane or on an inert carrier, and the coffee extract to be treated may be circulated
over the membrane or through the carrier until the desired degree of transformation has
been achieved. When two or more enzymes are used, they may be used simultancously,
or the treatment may be performed sequentially, e¢.g. 1f the optimal conditions vary

between the enzymes.

The amount of enzyme and the conditions to be used should be suitable to achieve the
desired hydrolysis of chlorogenic acids and decarboxylation of phenolic acids, and can

be determined by the skilled person by routine methods.

The coftee beans to be extracted to produce the cotffee extract may be whole or ground.
In one embodiment of the invention the coffee beans are green coffee beans. In a further
embodiment green coffee beans are co-extracted with roasted coffee beans, i.e. green
and roasted coffee beans are extracted simultancously 1in the same extraction system to
yield a mixed extract. The most volatile aroma components may be stripped from the
beans before extraction, ¢.g. if the extract is to be used for the production of pure

soluble coffee. Methods for stripping of volatile aroma components are well known 1n

the art, ¢.g. from EP 1078576.
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The coffee beans to be extracted may be extracted by any suitable method yielding an
extract comprising chlorogenic acids. Extraction of coffee beans with water and/or
stcam 1s well known 1n the art, ¢.g. from EP 0916267. The extract may undergo a
concentration step and may be dried before the treatment to transform chlorogenic
acids, ¢.g. by spray drying or freeze drying. If the extract has been dried 1t may be re-
suspended 1f required to effect the treatment to transform chlorogenic acids. The coffee
extract may undergo any suitable treatment to remove undesired components of the
extract before, during or after the transformation of chlorogenic acids, €.g. to increase

the concentration of decarboxylated phenolic acid m the final treated extract.

The treatment of the extract to transform chlorogenic acids may be performed after or
during the extraction. The extract may be separated from the extracted coffee beans
before, during or after the treatment to transform chlorogenic acids. In one embodiment
the extract 1s kept separate from the extracted coffee beans after the treatment to
transform chlorogenic acids, 1.e. the extract 1s not brought into contact with the
extracted coffee beans again after the treatment to transform chlorogenic acids.
Separation of the extract from the extracted coffee beans may be performed by any
suitable method, ¢.g. filtration or centrifugation. The separation may be performed to
the extent practically and economically feasible and needed m view of the desired use of
the extract. The separation may thus not be 100% complete, ¢.g. a minor part of
undissolved material from the beans may still be present with the extract after

separation.

The mmvention also relates to a method of producing a food or beverage product
wherein a coffee extract of the invention 1s used as an ingredient of said food or
beverage product. In one embodiment of the invention the extract 1s used separately
from the extracted coffee beans, 1.¢. undissolved material from the beans 1s substantially
removed by separation as described herein and is not used in the production of the food
or beverage product. The food or beverage product may be any food or beverage
product known 1n the art. In a preferred embodiment the food or beverage product 1s a
coffee beverage; pure soluble cotfee; a soft drink; a dictary supplement; a dairy product;

a cereal product; a fruit or vegetable juice product; or a confectionary product, such as
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a chocolate product, ¢.g. a chocolate drink. A soluble coffee product may be produced
by concentrating and drying the extract of the invention. Before drying, the extract may
be mixed with coffee extract that has not been treated to transform chlorogenic acids,
¢.g. extract of roasted coffee beans, green coffee beans, or both. Methods for producing
a soluble coffee product from a coffee extract are well known in the art. When the
extract 1s used for the production of a coffee product, the beans to be extracted may
have been subjected to stripping to remove volatile aromas before extraction, ¢.g. as
described 1n EP-A-1078576. The volatile aromas may then be added back to the extract
after the treatment to hydrolyse chlorogenic acids, ¢.g. after drymng, to produce an
aromatised soluble coffee product. A soluble coffee product produced from a coffee
extract of the mnvention may be sold as such, or may ¢.g. be mixed with a creamer
and/or sweetener and sold to prepare a coffee beverage comprising creamer and/or

sweetener, €.g. cappuccino or caf¢ latte.

In one embodiment the 1nvention relates to a food or beverage product comprising at
least 0.1 mg of 4-vinylcatechol and/or methoxy derivative thercof per gram of dry
matter; such as at least 1 at least 2, at least 5 or at least 20 milligram per gram of dry

matter.

When a coffee extract according to the invention 1s used as an mgredient of a food or
beverage product 1t may be added at any appropriate step in the production process of
said food or beverage product to achieve the desired effect. The extract may be added
in any amount suitable to bring about the desired effect, ¢.g. antioxidant effect or anti-

inflammatory etfect.

In a further embodiment the invention relates to a food or beverage product comprising
decarboxylated phenolic acid derived from chlorogenic acid of coffee. The food or
beverage product may be any food or beverage product known in the art. In a preferred
embodiment the food or beverage product 1s a coftee beverage; pure soluble coffee; a

soft drink; a dictary supplement; a dairy product; a cereal product; a fruit or vegetable

juice product; or a confectionary product, such as a chocolate product, ¢.g. a chocolate

drink. The food or beverage product may ¢.g. be prepared by the methods disclosed

herein.
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Use of decarboxylated phenolic acid derived from chlorogenic acid of coffee

The mvention also relates to use of decarboxylated phenolic acid derived from
chlorogenic acid of coftee. Decarboxylated phenolic acids to be used according to the
invention may be produced by any suitable method, ¢.g. by decarboxylation of cafteic
acid and may be 1 any suitable form, ¢.g. as purified compound(s). In one embodiment
of the invention decarboxylated phenolic acid to be used according to the mvention 1s 1n
the form of a coffee extract comprising decarboxylated phenolic acid as disclosed
herein. In another embodiment of the invention decarboxylated phenolic acid 1s partly or
completely 1solated from a coffee extract of the invention. Decarboxylated phenolic acid
to be used according to the invention may be administered by any suitable method to a
human or animal, ¢.g. orally, mtravenously, or topically to the skin. If administered
orally this may ¢.g. be 1n the form of a food or beverage product of the invention. In
on¢ embodiment of the invention a food or beverage product of the invention 1s sold

with labelling indicating a use according to the invention.

The mvention relates 1n one embodiment to the use of decarboxylated phenolic acid
dertved from chlorogenic acid of coffee for preparing a food or beverage product. The
food or beverage product may be any food or beverage product known 1n the art. In a
preferred embodiment the food or beverage product 1s a coftee beverage; pure soluble
coffee; a soft drink; a dietary supplement; a dairy product; a cereal product; a fruit or
vegetable juice product; or a confectionary product, such as a chocolate product, ¢.g. a
chocolate drmk. When decarboxylated phenolic acid 1s used to prepare a food or
beverage product it may be added at any appropriate step in the production process of

said food or beverage product.

In one embodiment the present invention relates to the use of decarboxylated phenolic
acid derived from chlorogenic acid of coffee as an antioxidant, ¢.g. as an ingredient in a
product, ¢.g. a food or beverage product, wherein antioxidant properties are desired,
¢.g. to prevent oxidation of components of the product during storage. Antioxidants are
commonly used m a number of products and decarboxylated phenolic acid derived from
chlorogenic acid of coffee may be used 1in a similar way as conventional antioxidants.

The skilled person can ecasily determine the amount needed to achieve the desired
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antioxidant effect by routine experimentation.

In another embodiment the invention relates to use of decarboxylated phenolic acid
derived from chlorogenic acid of coffee to cenhance antioxidant and/or anti-
inflammatory capacity in vivo in a human or animal, ¢.g. by inducing detoxifying
enzymes such as gluthathione-S-transterase (GST) and by increasing the Nrf2-mediated
gene expression pathway. Increased Nrf2 activity associated genes have been reported
to enhance detoxification and to stimulate the endogenous defence against oxidative
stress. These effects may e.g. be achieved by oral administration of the decarboxylated

phenolic acids or by topical application to the skin of a human or an animal.

In a further embodiment the imnvention relates to use of decarboxylated phenolic acid
derived from chlorogenic acid of coffee to decrease mflammation in a human or animal,
¢.g. by reducing the prostaglandin E2 level, ¢.g. by orally administering decarboxylated

phenolic acid derived from chlorogenic acid of coffee to a human or animal.

Many health problems and disorders are related to oxidative stress and mflammation.
Decarboxylated phenolic acid derived from chlorogenic acid of coffee may be used to
treat or prevent such problems or disorders. Relevant problems and disorder are ¢.g.
skin disorders, ¢.g. photodamage caused by UV-radiation, atopic dermatitis, eczema,
scaling, 1itching, allergic symptoms; brain disorders; inflammation; obesity; and cancer,

¢.g. skin cancer and lung cancer.

In one embodiment of the invention decarboxylated phenolic acid derived from
chlorogenic acid of coffee 1s used as an anti-diabetic agent, ¢.g. by reducing blood
glucose levels, and/or increasing blood levels of leptin, msulin and/or c-peptide; as a
bone remodelling agent, ¢.g. by increasing bone mineral density and/or by increasing
serum levels of estrogen and/or progesterone and/or alkaline phosphataise activity; as
anti-metastactic agents, ¢.g. with anti-angiogenic effect; and/or for brain protection.

These effects may ¢.g. be achieved by oral administration to a human or an animal.

In a further embodiment of the mnvention decarboxylated phenolic acid derived from

chlorogenic acid of coffee 1s used for the preparation of a formulation to treat or

10
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prevent skin disorders, diabetes, brain disorders, nflammation, obesity, cancer;
neurodegenerative disorders, cognitive decline, mild cognitive impairment, dementia,
mood disorders, depression, sleep disorders, a disease mvolving protein aggregation,
Alzheimer’s disease (mcluding common symptoms of AD, dementia, mild cognitive
impairment and cognitive decline like sleep disorders, mood swings, depression, stress),
macular degeneration, or diabetes. The formulation may be 1n any suitable form, ¢.g. for
oral administration or topical administration to the skin, ¢.g. 1n the form of a food or
beverage product, a nutritional supplement, a tablet, a lotion, or a cosmetic product. In

a preferred embodiment the formulation 1s a medicament.

The 1nvention further relates to non-therapeutical use of a food product, beverage
product, food supplement or pet food product of the invention, for treating and/or
preventing skin disorders, ¢.g. photodamage caused by UV-radiation, atopic dermatitis,
cczema, scaling, itching, allergic symptoms; inflammation; obesity; cancer, ¢.g. skin
cancer and lung cancer; cognitive decline, mood disorders, and/or sleep problems; for
brain protection; and/or for improving cognitive performance, immune response, and/or
gut barrier function in a human or animal. Cognitive performance may ¢.g. be expressed
as ability and speed of learning, ability and speed of solving intellectual problems, ability
to form and recall memories, reaction time, and the like. Cognitive decline may e¢.g.
manifest itself as reduced memory, forgetfulness, word or name-finding problems,
decline in memory, concentration, ability to plan or organise, ability to perform complex
tasks, and/or cognitive performance, and may ¢.g. result from age, stress, discase, or
other grounds. Cognition 18 understood as mental processes such as comprehension,
inference, decision-making, planning, learning, memory, association, concept formation,

language, attention, perception, action, problem solving and mental images.

In a further embodiment, the invention relates to a method of improving cognitive
performance; treating or preventing skin disorders, ¢.g. photodamage caused by UV-
radiation, atopic dermatitis, eczema, scaling, itching, allergic symptoms; mflammation;
obesity; cancer, ¢.g. skin cancer and lung cancer, ncurodegencrative disorders;
cognitive decline; mild cognmtive impairment; dementia; a discase involving protein
ageregation; Alzheimer’s disease; macular degeneration; or diabetes;, the method

comprising administering a food product, beverage product or pet food product
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comprising an ecffective amount of decarboxylated phenolic acid derived from
chlorogenic acid of coffee, to a human or animal. The food product, beverage product
or pet food product may be admimistered concomitantly with a medicament to increase

the efficacy and/or reduce the dose of the medicament.

In a still further embodiment, the invention relates to a method of treating or preventing
skin disorders, ¢.g. photodamage caused by UV-radiation, atopic dermatitis, eczema,
scaling, 1tching, allergic symptoms; inflammation; obesity; cancer, ¢.g. skin cancer and
lung cancer; neurodegenerative disorders; cognitive decline; mild cognitive impairment;
dementia; a disecase mvolving protem aggregation; Alzheimer’s disease; macular
degencration; or diabetes; comprising administering an effective amount of a
medicament comprising decarboxylated phenolic acid derived from chlorogenic acid of
coffee to a human or animal 1n need thereof. The food product, beverage product or pet
food product may be administered concomitantly with a medicament to increase the

cfficacy and/or reduce the dose of the medicament.

EXAMPLES

Example 1

Treatment of green coffee extract with a spray-dried preparation of Lactobacillus

johnsonii (CNCM 1-1225)

30 mg of a dried green coffee extract was dissolved mn 1 ml phosphate buffer (50 mM,
pH 7.0) or n 1 ml water. To this solution, 10 mg of a spray-dried preparation of
Lactobacillus johnsonii (CNCM 1-1225) (3.3 E9 cfu/g) was added. The mixture was
then incubated at 37°C and samples were withdrawn at different reaction times. After
centrifugation (3000 g, 5 min) and filtration (0.45 um pore size syringe filters, Millipore
SLHA 025 BS) the samples were analysed by HPLC.

HPLC analysis

Coffee extract samples were diluted to 1% w/w and analyzed by RP-HPLC on a CC
250/4 Nucleosil 100-5-C18 column (Macherey-Nagel). The cluent system was
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Millipore water, 0.1% TFA and CH;CN at a flow rate of 1 mL/min. The method
allowed the simultancous determination of CQA's, FQA's, di-CQA's, cafteic acid (CA),

ferulic acid (FA), and 4-vinylcatechol (absorbance at 325 nm) using external standard

calibration curves. Results were expressed relative to the reference at time 0 (t0).

Antioxidant Responsive Element (ARE) luciferase assay

The pGL-8xARE which contains c¢ight copics of the ARE present 1n rat glutathione-S-
transferase A2 (GSTA2) along with the pcDNA3.1 plasmid containing the ncomycin
selectable marker was stably transfected into human MCF7 cells (Wang et al., Cancer
Res. 66, 10983-10994, 2006). ARE (antioxidant-responsive element) 1s the binding site
of the transcription factor Nrf2 which regulates the genes mmvolved 1 detoxification and
endogenous defence against oxidative stress. The plasmid pGL-8XxARE contains a
luciferase gene downstream of the eight Nrf2 binding sites that allows monitoring Nrf2
activity. The AREc 32 cells were seeded in 96-well microtiter plates in DMEM growth
medium. After treatment with 4-vinylcatechol for 24 h firefly luciferase activity was

determined.

Prostaglandin E2 formation assay

Human colon HT-29 cells were treated with 4-vinylcatechol for 15h followed by a co-
incubation of 6 h together with a pro-inflammatory agent TNF-a, (10 ng/ml). Analysis of
the PGE2 production in HT-29 cells was determined using a competitive enzyme

immunoassay (EIA) (Cavin et al., BBRC 327, 742-49, 2005).

Results

An unknown peak was observed m HPLC analysis of fermented coffee extracts
produced by the fermentation or incubation of 2 different extracts of green Robusta
beans. The compound was 1dentified by a combination of LC-MS-ToF and NMR as 4-
vinylcatechol. Green coffee extract was treated with as described above and analysed by

HPLC. The results are shown 1n table 1.

Table 1. Composition of green coffee extract treated with Lactobacillus johnsonii for

specified time. Amounts given 1n % of the amounts 1n the untreated extract except for
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4-vinylcatechol which 1s given as the arca of the HPLC-signal. 4-vinylcatechol was not

detected 1n untreated extract.

time (h) 16 24
CQA 38 32
FQA 45 42
diCQA 27 20
CA 7409 | 549
FA 847 | 422
4-vinylcatechol 643 | 2119
(arca of HPLC

pcak, AU)

5 Induction of Nrf2 activity by 4-vinylcatechol 1s shown 1n table 2.

Table 2. Induction of Nrf2 activity by 4-vinylcatechol (firefly luciferase activity, AU).

4-vinylcatechol (ug/ml)

firefly luciferase activity (AU)

200 16
400 41
600 22

10  PGE2 production in HT-29 cells 1s shown 1 Table 3.

Table 3. PGE2 production in HT-29 cells relative to untreated control sample

4-vinylcatechol (ng/ml) PGE2 formation (% of control)

) 100

3.13 28

6.25 46

9.38 2]

15.63 12

31.25 )

62.5 2
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Example 2

Green coffee extract was diluted to 1% w/w and analyzed by RP-HPLC on a CC 250/4
Nucleosil 100-5-C18 column (Macherey-Nagel). The cluent system was Millipore
water, 0.1% TFA and CH;CN at a flow rate of 1 mL/min. 4-vinylcatechol was detected
by absorbance at 265 nm. A standard calibration curve was obtained for 4-vinylcatechol
by external calibration with 4-vinylguaicol, as 4-vinylcatechol 1s unstable mn 1solated

form. Results are shown 1n table 4.

Table 4. Composition of green coffee extract treated with Lactobacillus johnsonii for
specified time. Amounts given in milligram per gram of dry coffee extract. 4-

vinylcatechol was not detected in untreated extract.

time (h) 16 24
4-vinylcatechol 11 35
Example 3

Monomeric Af3

Monomeric AP42 peptides were purified by size exclusion chromatography and
incubated at 37°C at a concentration of 10 uM with 4-vinylcatechol at a ratio of A42
to the tested compound of 1:0.5 and 1:2 (molar ratio). The extent of aggregation was
assessed at 24 and 48 hours by Thioflavin T (ThT) fluorescence. Controls were
performed 1n the same way except for the absence of a compound to be tested. ThT 1s a
hydrophobic dye that exhibits enhanced fluorescence upon binding to amyloid fibrils.
ThT binds specifically to amyloid fibrils, but not monomeric forms of Af3. In this assay a
decrease or absence of ThT fluorescence indicated that the molecule bemg tested
reduced and/or blocked the formation of amyloid fibrils. The results of this assay are

shown 1n fig. 1.

Protofibrillar A3

S1ze exclusion purified protofibrillar mixture of AP42 was mncubated at 37°C at a
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concentration of 10 uM with 4-vinylcatechol at a ratio of AP42 to the tested compound
of 1:0.5 and 1:2 (molar ratio). The extent of aggregation was assessed at 24 and 48
hours by Thioflavin T (ThT) fluorescence. Controls were performed 1 the same way
except for the absence of a compound to be tested. A decrease or absence of an
increase 1 ThT fluorescence signal of protofibrils indicated that the molecule being
tested reduced and/or blocked the formation of amyloid fibrils. The results of this assay

arc shown 1n fig. 2.
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CLAIMS:

1. A method of producing a coffee extract comprising a compound selected from the
group comprising 4-vinylcatechol, 4-vinylguaiacol, 4-vinylveratrole, and mixtures thereof: the
method comprising:

a) extracting cottee beans with water and/or steam to produce a coffee extract; and

b) treating the coffee extract to hydrolyse chlorogenic acid present in the extract to

phenolic acid, and to decarboxylate the resulting phenolic acid.

2. T'he method of claim 1 wherein the hydrolysis of chlorogenic acids and the

decarboxylation of phenolic acid in step b) is performed by a microorganism.

3. The method of claim 2 wherein the microorganism is a lactic acid bacterium.

“3 The method of any one of claims 1-3 wherein the coffee beans to be extracted are

green coffee beans.

5. A coftee extract comprising at least 0.1 milligram total of 4-vinylcatechol, 4-

vinylgualacol and 4-vinylveratrole per gram of dry matter.

6. The cottee extract of claim 5 being an extract of green coffee beans.

7. A method of producing a food or beverage product wherein a coffee extract according

to any one of claims 5-6 1s used as an ingredient of said food or beverage product.

8. The method of claim 7 wherein the food or beverage product is a coffee beverage, pure
soluble coftee, a soft drink, a dietary supplement, a dairy product, a cereal product, a fruit or

vegetable juice product, or a confectionary product.

17
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9. Use of a compound selected from the group consisting of 4-vinylcatechol, 4-

vinylguaiacol, 4-vinylveratrole, and mixtures thercof for the preparation of a medicament.

10.  Use of a compound selected from the group consisting of 4-vinylcatechol, 4-
vinylguaiacol, 4-vinylveratrole, and mixtures thereof for the preparation of a formulation to
treat or prevent a brain disorder, inflammation, obesity, cancer, a neurodegenerative disorder,
cognitive decline, mild cognitive impairment, dementia, a mood disorder, depression, a sleep
disorder, a disease involving protein aggregation, Alzheimer’s disease, macular degeneration,

or diabetes.

I1. The use of claim 10 wherein said formulation is a food or beverage product.

12. Use of a compound selected from the group consisting of 4-vinylcatechol, 4-

vinylguaiacol, 4-vinylveratrole, and mixtures thereof to promote bone remodelling.
13, Use of a compound selected from the group consisting of 4-vinylcatechol, 4-

vinylguaiacol, 4-vinylveratrole, and mixtures thereof to increase the antioxidant capacity in

vivo ot a human or an animal and/or for brain protection.

18
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Figure 1

¥ Y YT YT YT Y YT YT YT YT YT AT XX AT XXX YT YT XX VAT XY T AT T VXXX YT XXX YT TP T VXYY VXYY YYYYYYYPYTTPTIPTPIPIPIPTPYYYYYYe Dl
LR R R R R R R R

LR A I I A A I IR I I I A I I I R I A I I I A I B

yYrYT v vrvrrrvrvrvvw v vy v e ryrvvrvrvvrw
yYTvYTrTrTTrTTYTYTYTYTYTYTYTY v - v v v yvvevew - A A
' v vowow vy vovew - -, (v v vy vovew SR N )
vy vovew vy v e v v - * - - vy v v - LR
vy v vy vovew v v v, vvvv\ - LR )
vy vowew vy v v v . v v - v v v LR N
vy vew vy vovwew v v v v . v \ - LR I Y
LG vy v v v v v - v - LR
vy vew yvovew L v v v v v - v 1Y yYyvYvy v vrvrvvvrvrw
vy v v v rYyv v o A IR AR 2 2 - v yryr v v yvovew
- rrvvvww

L AR AL
- ryyvvrvvrovrow
A )

-
Y Y YYYTYTYYYYYYYYYY yv¥veveww

-
p ettt E R A AR RS - - - vy v A A e Y
Y YTYTTYTITYTYTYTYTYTYTTYTYTTY™ v - - - - -
. vy v vew vy vovew - - h+ v
. . . - - - e yvovew vy v v v v »
b !'\ . ' v ryvrov o -H
ryvovew v v v
4 .| \ ‘ . vy v v v v, YT Y Y Y PP YT T T T T FFYPTFPFFFYFFFFPPPFPFTYFYFYFFPPYPFYYYYFYFYYYYYYYYYYYYYYYYYYYYYYSWDR
' \ ' “ . R N I Y YE N
4 A ‘ v e . . L3 C I O o O o o o o O O O O o o o o O e O ]
. R S Ve R ) \.

- A R R R R R R

. .
B¢
. - .
. .
. .
. .
] .
. .
. .
. .
. .
. .
. .
. .
. .
] .
. .
. .
] .
. .
. .
v
v v . .
- |
.\r\\\\\\\\\\\\‘\\‘\\‘\\‘\\\\\6 TR T AT T AT T AT T AT T R T AT YRR NN AN . 4 % % % T T T AT T RN ARYTASYTA NNt
2. UL N N R N N N N AL A L L L SN S AL R R LS LU YL S SL S S S L LS LS L L LS S L L L S L LY LSS S S S S S S S S S LS LS
CR I ER R . YT YTYTYTYTYTYTYTYTYTYYTYTY Y Y S
Y Y YYPTYPTIYPYYYYYYYYYYYTYTYTYYFYYYTYYY®YS N - y ¥y Yvrvrvvrrvrrvvrvvrvrvrvvrh
YT Y YT Y YT Y YT ITITTITTYTYTYYS . + vy YT YTTYTYTYTTYTYTTYYYYYVYTYY .
Yy ¥ YTYTTTITYYYYYYYYTYTYTYTYTYTYTYTYTYY®YS N T Y YT YPYYYPYYPYPFPIIPYPYYYIYYYYY m Yy YT YTYTYTYTYYYYYYIYYTYTYTYN
I L ) . + vy rTTIYTYTTYTTYTTYITTYYTYIVYTYIYTYTY .
Yy Y YTYTTYTTYTYYYYYYYYYYYTYYYTYTYTYCY®YVYS N LR A A A m YyYTYTTYTrTTrvryvrvrvrvrvrvrvrvvrs
T Y YT YT PP YPPFPPIPPIYYYYYYY vy vew R . + vy rTTIYTYTTYTTYTYYYTYIVYTYIYTYY .
Yy Y YTYTYTYTYTYYYYYYYTYTYYYYYYYTYYY®YS N YT YT YTYTYTYTYYYYYYYYYYYYY m Y YT YTYTYTYTYYYYYYYYYTYNS
LR A vy v . v Y YTYTYTYTTYTYTYIYYIYYTY YN . + vy rYTYTTYTYTYTTYTYTYYYYYYTYTY .
Yy Y YTIYTITITPYYYYYTYYYTYYYTYTYYTYYTYY®Y®S N Y Y YYTYTYPYPYYYYYIYYYYYOYY m Yy Y YTYTYTYTYTYTYTYYTYYYTYTYN
L vy vew T YT Y YPYPYPYPPPPYPYPYPYTYTYYYN . + Y YTIETRETYTYTYYYYIYIYTYY .
Yy Y YTIYTYTIYTYYYYYTYYYTYYYTYYYTYYYYY®YS N + Y YTTYTIYTYTIYYYYYYYYYTYYYY m vy v vr®
T Y YT YT PP YPPFPPIPPIYYYYYYY v - + Y Y YTYTIYTYTYYYYYYIYYTY YN . + v v
Y Y YTYTYTIYPTYYYIYYIYFVYTYTYYVYYTYTYYYYYYYS N + YT YPYTYPYPIYYYIYYYYYYYYYY m vy v ovwew
LR A v - + T YT YT YPYYPYPIPYPYTYTYTYTYYTYYN . + v+
Yy ¥ YTYTTTITYYYYYYYYTYTYTYTYTYTYTYTYTYY®YS N + YT YTYTYTYTYYYYYYYYYYYYY m vy v
L v - + Y YT YP Y YPYPPPYPPIPYPYTYTYTYYYN . + v
Yy Y YTIYTYTIYTYYYYYTYYYTYYYTYYYTYYYYY®YS N + Y YTTYTIYTYTIYYYYYYYYYTYYYY m vy v ew
T Y YT YT PP YPPFPPIPPIYYYYYYY v - + Y YT YPYYPYPIYPIYPYYYYYYYYYYN . + v
- Y YT YTIYTYTIYYTYYIYYIYYIYVYTYY + YT YTYTINIYTYTYTYTYYIYYIYYIYYIYYY vy v
- aa vy v vy v TP YYPYPPIYPIYPTIYIIYIYYIYYIYYIYYTYS T YT YT YPYPYPIPYPYTYTYTYTYTYTYYN . * v
Yy v YTYTYTTTYTTYYYYYYYYYTYYTYYTYTYTYYTYYYYC“YN + YT YITIYTYTYTYYYYYYYYYYY m vy vovwew
¥ Y T YT Y YT Y Y YT Y YT Y Y Y Y Y Y Y Y Y Y Y YN Y Y NN PP Y VY Y YT Y YT Y Y YN NNy . IEPEIE
.- LR O L L O D D D L O O | + ovoovoovom LIS
4 4 4444441419199 - - P + « ¢« ¢« 4 4 4 ¢ 44 . T4
Y Y YYPTYPTIYPYYYYYYYYYYYYTYTYYYYYYY®YS N - - - . (R v v vy v v v v vy v vew
- YT Y Y Y Y Y YYIPIIIIPITITYYIYYYYY vy v L] .. (LI * v+ v v v v v v v o . + v
. Yy ¥ YTIYTYTYTYIYYYYYTYYYTYTYYTYTYYTYYOY®YS N - - [ ] (e ~ yvvvrevw m -
YT Y Y Y Y YYYYYYYTTTTTYTYTYYYYY vy v L] -n LML ¥ v+ v v v vy v v v . v
Yy Y YTIYTYTIYTYYYYYTYYYTYYYTYYYTYYYYY®YS N [ .. v Y yvyvvrvw m LS L
¥ Y Y Y Y YT Y YT Y YT Y YYYTYTYTYTYYYY v v +* L J UL L L L T v+ ¥y vy v v v v v~ . -
Yy Y YTYTYTYTYTYYYYYYYTYTYYYYYYYTYYY®YS N UL v Y yvvwreww m -
P v v + L] LM * v+ v+ v v v v v v .
Yy Y YTIYTITITPYYYYYTYYYTYYYTYTYYTYYTYY®Y®S N U L v Y yvvvrevw ﬂ. -
L v - + L] LI ¥ v+ v v v v v v v o .
Yy Y YTIYTYTIYTYYYYYTYYYTYYYTYYYTYYYYY®YS N LI v Y yvyvvrvw m -
¥ Y Y Y Y YT Y YT Y YT Y YYYTYTYTYTYYYY v v +* L J LI J UL L T v+ ¥y vy v v v v v~ .
Y Y YTYTPIYTIYTIYIYYTYYYIYTYYTYYTYYTYFYTYYTYYTY®YS N LI .~ yvyvvvowew L] "L B EEES
LR e L] LM * v+ v+ v v v v v v .
Yy Y YTIYTITITPYYYYYTYYYTYYYTYTYYTYYTYY®Y®S N - LI . ~ yvvvrevw ﬂ. -
R L] LI ¥ v+ v v v v v v v o . . v v
Y Y YTTYTITIYTYYIYIYIYYTYYINYTYYTYYYTYTYTY®YS N ) O (= ~ yvvvewew 4, L] (LM ¢+ v+ v v v v v &
¥ Y Y Y Y Y YT Y Y Y YT YT YYTYTYTYYYYY vy vew. L J UL L L L T v+ ¥y vy v v v v v~ . "R RN MEDN LI Yy v YT VYTYTTVYTeswy -
Y Y YTYTPIYTIYTIYIIYIYYYYYTYYYYTTYYTYYTYYTYYY®YS N - U .- yvvvewew : LN ¢+ v+ v+ v v v v &
AR A 0 0 0 A0 AL VAL NCNCNCNCRC N NCNCAEIR IR A 0 0 A0 20 I IR 28 L] CC N yYvYTvvvwwn " E eSS P EEN yvv v v v
\vvvvvv! vy vy vvvvvrvvwas - UL (W v v v v v v " m e s+ unnn s EEOEIEIIEIEI]
DRI LRI ) - L) (LN & ¢ + ¢ ¢ 4 ¢+ 4+ ¢+ . LN N N IR

s s s s s s s g I | I +
- L L 4 LR R R R R R R L L B A A A I B L B L N B 4 L L B

4

&

Jsk F

Figure 2

. Y .
.| . « ® ® s s s s s ® s ® ® s w w s w w s w w s w w s w w s w e s w e s s e s s e s w e s w s s s s s s e s w s s s e s s s s w s s s s s s s s s e s s e s s e s s e s s s os s s os s e s s owos s ow s s owos s owoe s owos s owos s os .
l\..................................................................................................................l
Al LR AR A I A A A A A A A I I N N N N T Y
. . - P P W P P W P W P W P P W P W P P P W P W P P P P P P W P W P P P P W P P P P P P W P P P P P P P P P P P P PP PPP P P P PN P P PP PRPOPPRPRPRPOPRPOPPIRIPPIRIPOPIIOPIOPPIRIPOPIPIPPPIROPTOTPTOPTrsrsrsrrrerrerrewewewd
AASSASS A RSA S SSASSAS A S SSAAA SRS ES A S A S A E SN AA A SAAAS R EAS S A SASSAAES A EAS A S AN AL SRS AN A S SN NN
L L L L L L R L N L |
. AA RS A A SRR RS A AR AR S S SRS N AL SAA A S AEEAAEAEESEE S EEES
Yy ¥ Yvveww ¥ XXX TP YYIYIYYYYYYYN
L N S AL N N N B N S N S N B N S N N S S N S R N N L R S N S
Yy ¥ VvYevewvewyw ¥ XXX XX XYY YA T T AT YT T T T T YT YPYPTIYTYPYYYYIYSYN
y vy veveww St v vy vy v ¥ ¥ Y XXX AT TP YYYYYYY -
Yy v VYevewvewyw Y v YT VYTIYTYTTYTes - ¥ XX XXX T AT T AT YA A A AT A AT AT AT AT YYYYPYPYPYPYYYYIYISYN
AA RS SIS LSS AR EAE AAS ARSI A S A EAE LSS SRS SRS EESE SN EEEE SR

- .
TR R R R RS ESEEEESEE SRR EE RS EEEESEEESEEEESEEESEEEESEEESEEEEEEEEEEEEEEEYEYEYY Y

TN T T T T T T N T T N T T TN T T YN T YT YT YT YT YT YT YT OYTY YT YT YT YT Y YT YT YT OYTYY YT YT Y OYTYYYTYTYYYTYYYYYYYTY YTy Yoy
¥ Y YT YT YT YT YT Y YT YT Y VXYY T ATV Y XYY X XYY YT XYY YT YPYTYTITPTIFPIPYYYYYyYyrl

- - LR A e
LY A o N LR I A
. ' yvvvevew yrvvvvvw yrvvvvvw v - vy v e yrvvvvvw yrvvvvvw yrvvvvvw yrvvvvvw yrvvvvvw yrvvvvvw yrvvvvvw yrvvvvvw y v v v
- . I M M M M M M M M M M M N N M M N N N I N N N N M N N N N M M N M N N N N M N N N M M N N N N M M M M N N M M M M M M N N M M MM MMM
LIS UL L0 L L LR L L L L L L L0 L L L 0 0 L L 0 L L0 L L L L 0 L L 0 0 L 0 0 L L0 L 0 0 L 00 L L 0 0 L L L L L 0 L L L L L R L L L R R L L L L R L L R L L LR R L LR AR RN R AR RN
' ole . D o o o e
A A |
- a - L] - A L L L L L A S L L L L L L L L L A A A L L L L L L L L L L L L A R A L L L L L L I L L A L L L L L I L I L I I L v v
S A |
. . LR O N e v -
. - R A N Y " Y ¥YTYIITIYTYYTIYYYYYYYYYVYYTYTTYTTYTQPN
. . A A ) » Y YT YTYTTYTTYTTYTYTYYIYYYYTYYTYTYY™ v
- - S -vvrrevrrTrTTTTTrvrvrvrvrvvvv
R A Y YTYTTYTTYTTYTTYTYTYIYIYYYIYTYTY v
P e yYrvvrvrrrrrvrvrvrvrvrvv
. R A By v v vrvrrrTrTYTYTYTYTYTYTY v
S R v yYvy vy v rrrvvrvrvvrvvv
S A yrYIivvrvrvr s P r v rvrrrrrrrYTYTYTYw v
- R v v - yYrvYT v v vrvrrvrvrvvrvvvv
. R e v e = e. - - - By v v rrrrTYTYTYTYTYTYTYY v
R N 5 L ) - .= yrrv v vrrvrrrrvrvrvvvn
. R A - By v v vrvrrrTrTYTYTYTYTYTYTY v
R v yYvy vy v rrrvvrvrvvrvvv
g . S A O - . By v rvrrrrrTrTYTYTYTYTYTY v -
+hats ) . R O O e v yYvYvrvrrrrvrvrvrvrvvvv
' R - . By v v rrrrrrTYTYTYTYTYY v -
’ . £ . Y T T YT YT T N Y YT T TN YT YT TN YT YT YT Y Y YT YT N YT YT YN YT YT YT YT YT YT YNY YT YT YTY YN YNY YN YTYYYYNYYYYYYYYYYYyyyyyvy T Y T YT YTYYYYYYYYYYy v
[ | + L O R R R R N N R R R N R N R M i M M M M M M M M M M M M M M M M M N M M N N O O O O NI I N e, . MR R R R R R O
- . -\v09v09v09009v09v09009v09v09v09vo9v09v00009v09v09v09voovoovoovoovoovoovoovi L L L L L O
. '] ' r, + . YT YTYYPTYPYPYYYYYTYTYTYTYYYN
™S . v ° n B L R R e iy i g N U G G U U S SH S LRy S i LT g g g R L R i i g g SR LA g i E g vrvrrrerrererrererererereeen
. . . SR . By v v rrrrTrTYTYTYTYTYTYTY v
y T Y YT VYT VYT T LTV YTV YPYPYYPYPPPIPIPPIPIPIPIPIYYYYOYYYYYYN v y Y v rrrvrrvrvvrvrrvrvrvvovn
iy U G S £ £ £ £ £ £ £ £ L 0 0 (U £ £ £ £ G S G L £ U G T £ U £ (U £ 0 (U £ £ £ £ U (0 £, GO0 U . [ P G S R S P UL £ UL £ 1 g g
T YT T T T T YT TPV YYPPIPIPIPPIPIYIYYYYYYYYYYYCTYN v y Y YT rrvyvrvrvrrvrrvrvrvvovn
S A O . By v rvrrrrrTrTYTYTYTYTYTY v
YT Y PP TV VYTV PPYYYP PP YPPIPIPIPIPIPIPIPIVYYYYYVYYYYYN - Yy ¥y YTYTrvrvrvrrvvrvvrvrvvvrewr
N B R A . By v v rrrrTrTYTYTYTYTYTYTY v
T Y YT VYT VYT T LTV YTV YPYPYYPYPPPIPIPPIPIPIPIPIYYYYOYYYYYYN yY v rvrrvrvrvrvrvrvrvvovovn
R A . By v v vrvrrrTrTYTYTYTYTYTYTY v

I . By v vy rrrTrTrTYTYTYTYTYTYTY v -
R R v yvv v v vrvvrvrvvrvrvvrvrvvrvvv
{ . D . By v rrrrrrrvrrvrvew v -
I v yYyvrvrrvvrvrvrvrvvrvvrvvv
g B . I R . By v vy v rrTrYTYTYTYTYTYTYTYTY v -
LRI I I I I v ¥ Y YTYPIYYYYYYYYYYYCTYNR\
‘h I . By v vy rrrTrTrTYTYTYTYTYTYTY v
- 9 R v yvv v v rvvrvrvvrvrvvrvrvvvvv
. ¥ Y Y Y Y YT Y YT YT Y YT TTYITYYY . B Yy ¥y Y¥YVYTEYTYTYYTYTYTYyTYyywyevw v
. WA W W WY WY WY WY WY WY WY WY WY W W YW W W - e WY WYWT YW WSS wwww s
c - R EEEA R A A A A e . AR AR A )
\vv +* - vy vew
3 LS, Y Y Y P YPYYPYPYPIYPIYPIYPYYYYYYYYY yvovew - .. . P v YyYTYTYTYTIYTYTYTYYTYYTYEY™ v
. LR v yvv v v vrvvrvrvvrvrvvrvvrvvv
. 4 4 LR I . Py vy vy rvrryrTrTYTYTYTYTYTYTYTY v
T Y YT Y P Y Y PFPPPPPIPITIYTYYY yYyv vy v vrrvvrvrvvrvvrvovev
- s . L . By v vy rrrrYTrTYTYTYTYTYTYTY
\ ¥ Y Y Y Y YT YT YT YT YYYYYYYTTYTYITYTYTYY vy v vr.- vy v v v
I I .
- LR .o
LR I . * L) -un
LR -n L]
L . + UL UL
LR -n -.
I I . + U U
LR L] -
LR I . * - .w U
LR A .. - uw
L . + UL UL
LRI L
.. a - .. EE I . . + U
) - & . R vvvvvvvvvvvvvvvvvvvvvvvvvvvvv\ .. UL
. . T YT YT YYPYYPIYYPIPPYYYYYYY Yy vvvown . * " " e EEEn
\ . COENEN - - U
. . 4% T H E TR 4 . + I
. o . R -n U]
] L v . v v v v . + " s s EEEn .
- . - LR A U
LR A . * - .w U
yYTYTrTvrrsvvervrw + vy v rTITrTYTYTYTYTYTYTYTY U
yYrvvvsvevoew Y YTYTTYTTYTTYTYTYIYTYITYITYTTY VSN . + . "
yvvwvwow oo yYyrv v vvrvvrvew
e e e e v vvvvvvv!\ . + = s "= aw
yYyvvvoww . - - Wh vy vy v rvvrverw L] -
yvvvvvew b yYvvvvwvown * - .w U
yvyvevvew . Wh vy vy v rvrrverw .. - uw
yvvvvvwew b yYvvvwvwwown . + UL UL
yvvvvew . Wh vy Yy v vy vvrvrw L
yvvvvvew yYvvvvwwown + U
yvvevvwew . Wh vy vy v v vvrvrw .. UL
yvvvvvew b yYvvvvwvown . * " " e EEEn
yvyvevvew . Wh vy vy v rvrrverw L] U
. yvvvvvwew b yYvvvwvwwown . + I
yvvvvew . Wh vy Yy v vy vvrvrw L
yvvvvvew yYvvvvwwown . + U
yYyvvvoww . Wh vy vy v rrvvrverw U L]
CDEDEDEPEIEIE] bv-s‘-s‘-v‘ . * " " EEEEn
Lw 4 4444+ 4+ . LI [
- A A A s s s a s A A A A A A AL A AR A AL AL LA AL AR AL aaasaa aw




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings

