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TASTE MODIFIERS COMPRISINGA 
CHLOROGENCACD 

0001. The invention relates to consumables, the taste pro 
files of which may be modified by the addition of chlorogenic 
acid. 
0002 Various consumables, such as food products, bever 
ages and pharmaceuticals, contain Substances that may pro 
vide or cause bitter notes and adversely affect the overall 
flavor of the product. In many instances, the flavor quality of 
Such consumables would be improved by diminishing or 
removing the bitter notes, while at the same time preserving 
or enhancing the contribution made to the overall flavor by the 
non-bitter flavor components. 
0003. Non-nutritive sweeteners, also called artificial 
Sweeteners, for example saccharine and aspartame, are only 
one example of substances that provide bitter notes. There 
fore consumables Such as beer, coffee, Soft drinks, desserts 
and pharmaceutical products that are Sweetened with non 
nutritive sweeteners may possess bitter flavors or after-flavors 
that are generally regarded as undesirable by many consum 
CS. 

0004 Because of the prevalence and popularity of non 
nutritive Sweeteners in consumables, several processes have 
been described for modifying the taste profile of consumables 
that contain these non-nutritive Sweeteners. For example, 
U.S. Pat. No. 3,296,079 discloses the addition of 0.003% to 
160% maltol to edible foodstuffs Sweetened with non-nutri 
tive Sweetening agents to mask unpleasant aftertastes. U.S. 
Pat. No. 4,304.794 discloses the addition of aliphatic polyols 
to minimize the bitter aftertaste of 2,4,6,3'-tetrahydroxy-4'- 
methoxydihydrochalcone. U.S. Pat. Nos. 4,758,438; 3,647, 
482; and 3,667,969 disclose that the bitter aftertaste of sac 
charine is diminished by addition of the proteins thaumatin 
and monellin, by addition of ribonucleosides, ribonucleotides 
and their deoxy analogs, and by addition of D-galactose, 
respectively. U.S. Pat. No. 5,336,513 discloses that certain 
derivatives of cinnamic acid and their salts inhibited the bit 
terness of consumable materials, such as pharmaceutical 
preparations, foodstuffs and beverages that were Sweetened 
with the artificial Sweeteners saccharine and acesulfame K. 
0005 Processes have also been described for modifying a 
foodstuff or beverage by enhancing its Sweetness character 
istics. For example, U.S. Pat. Nos. 3,867,557 and 3,908,026 
disclose that mixing or co-dissolving para-methoxycinnama 
ldehyde (PMCA) with other known natural or synthetic 
Sweetening agents results in a composition having enhanced 
Sweetness characteristics. These patents also disclose that 
PMCA enhances the flavor characteristics of vanillin and 
instant coffee, while Suppressing their associated bitterness. 
0006 Processes disclosed in U.S. Pat. Nos. 3,924.017 and 
3,916,028 show that salts of chlorogenic acid, caffeic acid, 
cynarine, and their isomers induce Sweetness, and impart a 
very pleasant, Sweet character to non-Sweet foodstuffs or to 
foods with very low Sweetness. Such as water and milk. 
0007. The above-described activity in the prior art reflects 
the need for further and better methods and products for 
modifying unpleasant off-tastes often present in consum 
ables. 
0008 Surprisingly, we have now found that unpleasant 
off-tastes in consumables may be modified or the taste or taste 
perception may be improved by the inclusion of chlorogenic 
acid in said consumables. 
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0009. Therefore, the invention provides in a first aspect a 
consumable comprising an amount of chlorogenic acid Suf 
ficient to modify off-tastes of said consumables. 
0010. The amount of chlorogenic acid added to the con 
sumable is sufficient to modify the off-taste, and may be used, 
for example at a concentration of about 0.0001%" to about 
0.1%", more preferably of about 0.001%" to about 
0.01%" in the consumable. However, the skilled person will 
appreciate that the off-taste reducing effect or the taste-en 
hancing effect will depend upon a number of factors, for 
example the type of consumable, the Source of chlorogenic 
acid, the qualitative and/or quantitative modification desired, 
the Substance(s) imparting an off-taste, and the presence of 
other desirable or undesirable taste components, and that it 
may be possible for a flavorist to achieve the desirable effects 
working inside or outside this range. 
0011 Off tastes may beformed as the result of one or more 
ingredients being added to, or present in, food products. An 
off-taste may be imparted by a non-nutritive (artificial) Sweet 
ener. Off-tastes produced by non-nutritive sweeteners have 
been described as being metallic and/or bitter. Non-nutritive 
Sweeteners are present in vast categories of consumables 
including, but not limited to, Soft drinks, dairy products, 
dessert products, savory products, salad dressings, sauces, 
condiments, alcoholic beverages, confections, gums, and 
medicaments. Examples of non-nutritive Sweeteners include 
L-aspartyl-L-phenylalanine methyl ester (aspartame), sac 
charine and salts thereof, acesulfame salts (e.g., acesulfame 
K), cyclohexylsulfamic acid, dihydrochalcones, xylitol, 
neotame. Sucralose, alitame cyclamates, Steviol derivatives, 
and the like. 

0012. In another aspect of the invention, consumables 
contain an amount of chlorogenic acid sufficient to modify or 
mask the off-taste imparted by an artificial Sweetener. 
0013 An off-taste may be imparted by alcohol in the con 
Sumable product. Alcohols include both grain alcohols and 
fermentation products (beer and wine), either alone or in 
combination with other components. Off-tastes produced by 
alcohols have been described as imparting a burning taste. 
The concentration of chlorogenic acid in a consumable con 
taining alcohol may be in the range of about 0.0001%" to 
about 0.1%", more preferably of about 0.001%" to about 
0.1%", most preferably of about 0.003%" to about 
0.05%. 
0014. An off-taste may be imparted by a soy product. As 
used herein, Soy includes all consumables containing Soy in 
any form, including soybean oil used either alone, in combi 
nation, for example as a nutraceutical, or as a medicament, 
Soybean curd, soy milk, soy butter or soy paste. Off-tastes 
produced by Soy products have been described as imparting a 
beany, aldehyde-like taste. In one aspect of the invention, the 
concentration of chlorogenic acid in a consumable containing 
a soy product may be in the range of about 0.0001%" to 
about 0.1%", more preferably about 0.0005%" to about 
0.05%", most preferably about 0.001%" to about 0.01%" 

: 

0015. An off-taste may be due to carbonation in the prod 
uct. Examples of carbonated products include colas, citrus 
flavored beverages, ales, beers and other consumables con 
taining these products such as ices and frozen confections. 
Off-tastes produced by carbonated products have been 
described as imparting a burning sensation. The concentra 
tion of chlorogenic acid in a carbonated product may be in the 
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range of about 0.0001%" to about 0.1%", more preferably 
about 0.0005%" to about 0.05%", most preferably about 
0.001%" to about 0.02%". 
0016 Besides modifying an off-taste, chlorogenic acid 
may also mask an off-taste by reducing its perception and/or 
enhance an overall Sweetness perception. 
0017. As used herein, the term “consumable” broadly 
includes all products for use by human or animal that are 
ingested or products which may be placed in the mouth and 
Subsequently discarded by the user. These encompass foods 
and beverages whether or not they provide nutritive value in 
all forms, e.g. cereal products, rice products, tapioca prod 
ucts, Sago products, baker's products, biscuit products, pastry 
products, bread products, confectionery products, desert 
products, gums, chewing gums, chocolates, ices, honey prod 
ucts, treacle products, yeast products, baking-powder, salt 
and spice products, savory products, mustard products, Vin 
egar products, sauces (condiments), tobacco products, cigars, 
cigarettes, processed foods, cooked fruit and vegetable prod 
ucts, meat and meat products, jellies, jams, fruit sauces, egg 
products, milk and dairy products, cheese products, butter 
and butter Substitute products, milk Substitute products, Soy 
products, edible oils and fat products, medicaments, bever 
ages, alcoholic drinks, beers, Soft drinks, mineral and aerated 
waters and other non-alcoholic drinks, fruit drinks, fruit 
juices, coffee, artificial coffee, tea, cocoa, including forms 
requiring reconstitution, food extracts, plant extracts, meat 
extracts, condiments, Sweeteners, nutraceuticals, gelatins, 
pharmaceutical and non-pharmaceutical gums, tablets, loz 
enges, drops, emulsions, elixirs, syrups and other prepara 
tions for making beverages. 
0018 Chlorogenic acid may be added directly to a con 
Sumable, or it may be pre-mixed with certain ingredients of 
the consumable. For example, it may be admixed with ingre 
dients responsible for the creation of an off-taste to form a 
composition that may be thereafter added to the remaining 
ingredients of the consumable. 
0019. In another aspect of the present invention, there is 
provided a composition for addition to a consumable or ingre 
dient of a consumable which composition contains ingredi 
ents responsible for creating an off-taste, and chlorogenic 
acid. The skilled person would appreciate that the precise 
amount of chlorogenic acid in said composition, for example 
in a Sweetening composition, would vary within wide limits, 
provided that the composition is admixed to a consumable in 
an amount Sufficient to provide an off-taste masking or taste 
enhancing effect. In particular the composition may contain 
Sufficient chlorogenic acid in order that when admixed to a 
consumable the concentration in the consumable is about 
0.0001% about 0.1%'. 
0020. In a preferred embodiment, there is provided a 
Sweetening composition comprising a non-nutritive Sweet 
ener and chlorogenic acid. 
0021. In yet another aspect of the present invention there is 
provided a method of providing chlorogenic acid to a con 
Sumable, comprising the step of adding chlorogenic acid, e.g. 
inform of a solution, to a consumable in an amount Sufficient 
to modify or mask off-tastes and/or modify or enhance taste. 
Preferably, chlorogenic acid is added in an amount of about 
0.0001%" to about 0.1%" to the consumable. 
0022. In one embodiment the method comprises admixing 
chlorogenic acid with ingredients responsible for imparting 
an off-taste to form a composition, which may be added to a 
consumable or to an ingredient of a consumable. 

Jul. 26, 2012 

0023 The invention provides in another of its aspects a 
method of providing chlorogenic acid to a consumable. 
0024. In a method of the present invention, a solution of 
chlorogenic acid may be added to the consumable to modify 
or maskan off-taste imparted by one or more Substances. Such 
as an artificial Sweetener. Alternatively, chlorogenic acid may 
be added to the ingredients responsible for the off-taste to 
form a composition, which is thereafter added to the consum 
able. The total concentration of chlorogenic acid in the con 
sumable ranges from about 0.0001%" to about 0.1%". 
0025 Chlorogenic acid is a trivial name used somewhat 
loosely in the literature to describe a range of phenolic acids 
found in plant materials. For example, in Some literature 
references, 5-caffeoylquinic acid alone is referred to as "chlo 
rogenic acid'. As used herein, however, the term chlorogenic 
acid is used to describe one or more of a family of esters that 
form between certain cis or pans cinnamic acids and quinic 
acid. 
(0026. The family of esters are set forth in Clifford, J. Sci. 
Food Agric.., 2000, 80, pp. 1033-1043, which is expressly 
incorporated by reference herein in its entirety, Clifford sub 
divides chlorogenic acid by the identity, number, and position 
of the acyl residues on the quinic acid. This reference teaches 
that the most common individual chlorogenic acid is 5-O- 
caffeoylquinic acid (5-CQA), whose structure is shown 
below, and that while 5-CQA is commonly referred to as 
chlorogenic acid (CGA), this is a term which should be used 
only to refer to the family of related quinic acid conjugates. 

OH 

OH 

0027. The structure of quinic acid (1R-(1C., 3C, 4C., 5 B)- 
1.3.4.5 tetrahydroxy-cyclohexane carboxylic acid) is shown 
below. 

Quinic Acid: R3 = R4 = R5= H 

0028 Quinic acid has axial hydroxyl groups (on carbons 1 
and 3) and equatorial hydroxyl groups (on carbons 4 and 5). 
Substitutions on the R groups produce various types of chlo 
rogenic acid, as derived from Clifford, ASIC, 17 colloque, 
Nairobi, 1997, pp. 79-91, which is expressly incorporated by 
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reference herein in its entirety and listed in Table 1, where 
CQA is caffeoylquinic acid, FOA is feruloylquinic acid, 
CoQA is coumaroylquinic acid, and CFQA is caffeoylferu 
loylquinic acid. 

TABLE 1. 

Compound dentity of R3 dentity of R4 dentity of R5 

3-CQA caffeic acid H 
4-CQA H caffeic acid H 
5-CQA H caffeic acid 
3-FQA erulic acid H 
4-FQA H erulic acid H 
5-FQA H erulic acid 
3-p-CoQA p-coumaric acid H H 
4-p-CoQA H p-coumaric acid H 
5-p-CoQA H p-coumaric acid 
3,4-diCQA caffeic acid caffeic acid H 
3,5-diCQA caffeic acid caffeic acid 
4,5-diCQA H affeic acid caffeic acid 
3,4-CFQA caffeic acid erulic acid H 
3,4-CFQA erulic acid caffeic acid H 
3,5-CFQA caffeic acid erulic acid 
3,5-CFQA erulic acid caffeic acid 
4,5-CFQA H caffeic acid erulic acid 
4,5-CFQA H erulic acid caffeic acid 

0029. Both cis- and trans- configurations of the cinnamic 
acids are known to exist in nature, although the cinnamic 
acids in chlorogenic acid are predominantly in the trans 
configuration. The structures of various acids or derivatives 
belonging to the cinnamic acid family are shown below in the 
trans-configuration. 

HON 2O HO- 2O HO- 20 C C C 

C C C 2 2 2 2 ca 2 

OH OCH H3CO OCH 

OH OH OH 

Caffeic Acid Ferulic Acid Sinapic Acid 

HOS 29 
2C C 2 

OH 

p-Coumaric Acid 

0030 Cinnamic acids and their derivatives, used as sweet 
ness enhancers/inducers in various products, encompass a 
series of 3-phenyl-propenoic acids that differ in the chemical 
groups Substituted on the aromatic ring. They are widely 
distributed as organic conjugates in a variety of plant materi 
als, and are rarely found as free acids in unprocessed plant 
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material. Besides cinnamic acid itself, the most common of 
the cinnamic acids in this family are caffeic acid (3,4-dihy 
droxycinnamic acid), ferulic acid (3-methoxy-4-hydroxycin 
namic acid), Sinapic acid (3,5-dimethoxy-4-hydroxycin 
namic acid), and p-coumaric acid (p-hydroxycinnamic acid). 
0031 Chlorogenic acid is widely distributed in the plant 
kingdom and occurs in fruits, leaves and other tissues of 
dicotyledonous plants. It may be extracted from a variety of 
natural Sources such as green coffee beans (e.g., arabica, 
robusta and liberica), leaves of Ilex paraguariensis, pome 
fruits (e.g., apples and pears), Stone fruits (e.g., cherries and 
plums), berry fruits, citrus fruits, brassica vegetables (e.g., 
kale, cabbage and brussel sprouts), Solanaceae (e.g., potato 
tubers, tomatoes, and aubergines), asteraceae (e.g., chicory 
root and artichokes), and a variety of other miscellaneous 
Vegetables. It may also be found in cereal grains (e.g., oats, 
barley, rye, rice, corn and wheat). The amount and different 
types of chlorogenic acid that are present vary depending 
upon the Source. Chlorogenic acid may be extracted from one 
or more botanical Sources, and/or synthetic chlorogenic acid 
may be used. 
0032 Green coffee beans area good source of chlorogenic 
acid (Clifford, ASIC, 17 colloque, Nairobi, 1997 pp. 79-91). 
Specifically, green coffee bean extracts contain the following 
types of chlorogenic acid: three mono-esters of caffeic and 
quinic acid, namely, 3-caffeoylquinic acid (3-CQA), 4-caf 
feoylquinic acid (4-COA), and 5-caffeoylquinic acid 
(5-CQA); three mono-esters of p-coumaric and quinic acid: 
p-coumaroylquinic acids (3-p-CoQA, 4-p-CoQa, 5-p- 
CoQA); three mono-esters of ferulic and quinic acid: feru 
loylquinic acids (3-FQA, 4-FQA, 5-FQA); and three di-esters 
of caffeic and quinic acid: namely, 3,4-dicaffeoylquinic acid 
(3,4-di CQA), 3,5-dicaffeoylquinic acid (3,5-di CQA), and 
4,5-dicaffeoylquinic acid (4,5-diCQA). In addition, there are 
also six mixed di-esters of caffeic, ferulic, and quinic acid 
known as the caffeoylferuloylquinic acids (two 3,4-CFQA, 
two 3.5-CFQA, two 4.5 CFQA). 
0033. The amounts of several of these types of chlorogenic 
acid found in extracts of green Robusta coffee beans have 
been reported. These values, as follows, are expressed as g/kg 
of dry green coffee beans: 7.32 g 3-CQA, 11.25 g 4-COA, 
49.66 g 5-CQA, 6.04 g 5-FQA, 5.05 g 3,4-di CQA, 4.61 g 
3,5-diCQA, and 4.11g 4,5-diCQA (Trugo and Macrae, Food 
Chemistry, 1984, 15, pp. 219-227, which is expressly incor 
porated by reference herein in its entirety). While the pres 
ence of chlorogenic acid in green coffee bean extracts is 
known, the use of chlorogenic acid to decrease off-taste in 
various types of consumables has not previously been 
reported. 
0034. Accordingly, the invention provides in another 
aspect a consumable containing an amount Sufficient for taste 
modification or taste enhancement of chlorogenic acid 
derived from green coffee bean extract. A particular source of 
chlorogenic acid are green robusta coffee beans. In the fol 
lowing paragraphs there is disclosed methodology for 
extracting chlorogenic acid from robusta beans. However, the 
skilled person will appreciate that the procedure may be 
modified to extract chlorogenic acid from other plant sources. 
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0035 Green robusta coffee beans may be extracted with 
constant agitation in solvents composed of water and polar 
organic solvents. The organic Solvents that may be used 
include methanol, ethanol, n-propanol. 2-propanol, acetone 
and propylene glycol. The beans may either be the regular 
beans or decaffeinated beans. They may be extracted either as 
whole beans or after grinding. The extraction may be carried 
out either with water alone or with water in combination with 

one or more solvents listed above. The preferred solvents are 
methanol and ethanol. The composition of the solvents may 
range between 100/0 water/organic solvent (w/w) to 10/90 
water/organic Solvent (w/w). The extraction temperature may 
be between 30° C. to 80° C. and the extraction time may be 
between 4 hours and 40 hours. The preferred temperature is 
between 45° C. to 60° C. for maximal extraction efficiency 
without causing significant isomerization of 5-CQA. Extrac 
tion may be carried out with equipment known to those 
skilled in the art, such as a counter current extractor or an 
extractor with constant solvent circulation. It will be obvious 
to those skilled in the art that the extraction can be carried out 
in various types of equipment. 
0036. The extract may be collected either by decanting, 
centrifuging or filtering. The beans optionally may then be 
extracted one or two more times under similar conditions, and 
the extracts combined and the solvents evaporated under 
vacuum to concentrate the extract to about 1 to 3 times of the 

bean weight. The concentrated extract may be further cleaned 
up to a higher chlorogenic acid content by one of the follow 
ing methods. 
0037. An organic solvent that is miscible with water may 
be added to the concentrated extract to induce precipitation of 
proteins and other materials that are insoluble in those organic 
solvents. Preferably the solvent used is ethanol, but other 
Solvents including methanol, acetone, n-propanol or 2-iso 
propanol may also be used. The amount of the organic Solvent 
needed for protein precipitation may range from 1 to 4 times 
the extract weight depending on the amount of chlorogenic 
acid desired. After about 1 hour, protein precipitation is com 
plete and the protein removed by, e.g. centrifugation or filtra 
tion. 

0038 Alternatively, the concentrated extract may be 
washed by an organic solvent or solvents, which are not 
miscible with water. The solvents that may be used include 
hexane, cyclohexane, heptane, dichloromethane, chloroform, 
toluene, petroleum ether, methyl t-butyl ether, ethyl acetate 
and butanol. The amount of Solvent used may vary from one 
halftimes of the extract weight to four times of the extract 
weight. To facilitate the phase separation, a second solvent 
that is miscible with water may be added. The amount of the 
second solvent added may be up to 20% of the extract weight. 
The second solvent that may be used includes methanol, 
ethanol, acetone, n-propanol and 2-propanol. Normally, one 
washing step is sufficient to clarify the extract. However, 
additional washing may be performed if necessary. After the 
phase separation is reached the aqueous phase may be col 
lected and treated under vacuum to have the residual solvents 
removed. 
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0039 Still alternatively, the concentrated extract may be 
passed through a microfiltration cartridge to remove the 
impurities. The cut-off molecular weight of the cartridge used 
for this operation may be as low as 10,000 Da. The extract 
may be filtered at first through a filter of a large pore size to 
remove the large particles in the extract followed by filter of 
a smaller pore size to remove the Smaller particles in the 
extract. The same procedure may be repeated with filters of 
different pore size until a clear permeate is obtained. The 
materials retained by the cartridge may be discarded and the 
materials that permeate the filter may be collected for further 
processing. 
0040 Still alternatively, the concentrated extracted may 
be cleaned by passing through an adsorption column. The 
adsorption may beachieved with any types of the commercial 
resins that operate based on the principle of the hydrophobic 
affinity between the molecules and the resins. The extract 
may be passed through a column containing such resin or 
resins. The pass-through may be discarded and chlorogenic 
acid may be recovered by eluting the column with water 
containing a water mixable organic solvent. The organic Sol 
vents that may be used to elute the column include methanol, 
ethanol, acetone, n-propanol and 2-propanol. The ratio of 
water to the organic solvent may vary from 90/10 to 0/100 
water/organic solvent (w/w). The total amount of solvent 
used to elute the column is at least one times of the bed 
volume of the column, but may be increased to 5 times of the 
bed volume of the column for a more complete recovery of 
chlorogenic acid. The material collected from the column 
may be treated under vacuum to have the organic solvents 
removed. 
0041. The aqueous solution obtained after any of the 
above operations may be further concentrated under vacuum. 
It may be directly dried under vacuum to a tan-colored pow 
der. Alternatively, it may be concentrated to a solid content of 
about 20% to 45% of the total weight, followed by spray 
drying to a tan-colored powder. The spray-drying may be 
performed with or without carriers. 

EXAMPLE 1. 

0042 Extraction and Purification by Precipitation 
0043. Whole green robusta coffee beans (21.8 kg) are 
extracted with a water and ethanol (95%) mixture at a ratio of 
85/15 w/w. The beans are loaded in a conical-shaped extractor 
and the solvent is circulated at 60°C. for 16 hours. The extract 
is collected by draining from the extractor and the residual 
beans are extracted with fresh solvent of the same composi 
tion for two more times. The amount of solvent used for each 
extraction is between 2 to 4.5 times of the bean weight. The 
extracts are combined and concentrated to 36.3 kg. An 
amount of ethanol equal to the extract weight is added to 
induce the precipitation of protein and other insoluble mate 
rial in the extract. The precipitation is discarded and the 
supernatant is collected by filtration and further concentrated 
to 9.8 kg. The concentrated extract is spray-dried without 
addition of carrier to form a tan-colored powder. For every 
kilogram of green coffee bean, 146 gram of powder is 
obtained. The powder is water-soluble, it forms a clear solu 
tion in water. The chlorogenic acid content is analyzed by 
HPLC. The analysis reveals the presence of several different 
types of chlorogenic acid, which amount to about 35% of the 
total mass of the extract. The proportions of the various types 
of chlorogenic acid separated by HPLC and quantitated as a 
weight per weight percentage are shown in the table below. 
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3-CQA 4-CQA 5-CQA FQAs di-CQAs FCQAs 
(% w/w) (% w/w) (% wiw) (% w/w) (% w/w) (% w/w) 

5.71 S.63 11.52 5.07 S.92 1.24 

EXAMPLE 2 

0044 Extraction and Purification by Washing (Phase 
Separation) 
0045 Whole green Robusta coffee beans (22.7 kg) are 
extracted with a water and ethanol (95%) mixture at ratio of 
40/60 w/w. The beans are loaded in a conical-shaped extractor 
and the solvent is circulated at 60°C. for 16 hours. The extract 

2.22 

is collected by draining from the extractor and the residual 
beans are extracted with fresh solvent of the same composi 
tion for two more times. The amount of solvent used for each 
extraction is between 2 to 4.5 times of the bean weight. The 
extracts are combined and partially concentrated to 64.9 kg. 
The extract is washed with an equal weight of ethyl acetate/ 
ethanol mixture (85/15 w/w) once. The ethyl acetate layer is 
collected and Subsequently discarded. The aqueous layer is 
collected and dried under vacuum to a tan-colored powder. 
For every kilogram of green coffee bean, 178 gram of powder 
is obtained. The powder is water-soluble; it forms a clear 
Solution in water. The chlorogenic acid was analyzed by 
HPLC and the results are summarized as follows. 

3-CQA 4-CQA 5-CQA FQAs di-CQAs FCQAs 
(% w/w) (% w/w) (% wiw) (% w/w) (% w/w) (% w/w) 

240 3.57 20.17 S.62 7.69 1.43 

EXAMPLE 3 

0046 Extraction and Purification by Microfiltration 
0047 Whole green Robusta coffee beans (22.7 kg) are 
extracted with a water and ethanol (95%) mixture at ratio of 
40/60 w/w. The beans are loaded in a conical-shaped extractor 
and the solvent is circulated at 60°C. for 16 hours. The extract 

is collected by draining from the extractor and the residual 
beans are extracted with fresh solvent of the same composi 
tion for two more times. The amount of solvent used for each 

extraction is between 2 to 4.5 times of the bean weight. The 
extracts are combined and partially concentrated to 64.9 kg. 
An aliquot of 6.8 kg of the extract is passed through a micro 
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Total Chlorogenic 
acid 

35.09 

filter with a molecular cut-off value at 10,000 Da. The mate 
rials retained by the filter are discarded and the materials that 
permeate through the filter are concentrated and dried. For 
every kilogram of green coffee bean, 146 grams of a tan 
colored powder are obtained. The powder is water-soluble; it 
forms a clear Solution in water. The chlorogenic acid is ana 
lyzed by HPLC and the results are summarized as follows. 

4-CQA 5-CQA FQAs di-CQAs FCQAS Total Chlorogenic 
(% w/w) (% w/w) (% wiw) (% w/w) (% w/w) acid 

3.81 22.33 5.84 8.53 1.56 44.30 

EXAMPLE 4 

0048 Extraction and Purification by Chromatography 
(Adsorption Resin) 
0049 Whole green Robusta coffee beans (66.7 kg) are 
loaded in a conical-shaped extractor and water is circulated at 
80° C. for 16 hours. The extract is collected by draining from 
the extractor and the residual beans are extracted with water 
for two more times. The amount of water used for each 

Total Chlorogenic 
acid 

40.88 

extraction is between 2 to 4.5 times of the bean weight. The 
extracts are combined and concentrated to 102.1 kg. An ali 
quot of 200 g of the extract is further concentrated to 120 g 
and loaded on a column filled with AmberliteXAD-4 adsorp 
tion resin (wet mesh size 20-60). The column is 4 cm in 
diameter and 38 cm long with a column bed volume of 427 
ml. The column is eluted with 6 bed volumes of water fol 

lowed by 4.3 bed volumes of ethanol/water (50/50 w/w). The 
last 2 bed volumes of the ethanol/water (50/50 w/w) elution 
are collected and dried to a light tan-colored powder. For 
every kilogram of green coffee bean, 62 grams of powder are 
obtained. The powder is water-soluble; it forms a clear solu 
tion in water. The chlorogenic acid was analyzed by HPLC 
and the results are summarized as follows. 
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3-CQA 4-CQA 5-CQA FQAs di-CQAs FCQAs 
(% w/w) (% w/w) (% wiw) (% w/w) (% w/w) (% w/w) 

4.90 11.39 21.17 9.48 11.27 0.67 

EXAMPLE 5 

0050 Extraction and Removal of Precipitate by Centrifu 
gation/Filtration 
0051. About 4.0 kg of green Robusta coffee beans are 
mixed with constant agitation in 16.0 kg of water at 80°C. for 
at least four hours. The extract is collected either by decant 
ing, centrifuging, or filtering. The beans are then extracted 
with an additional 6 kg of water at 80°C. for at least another 
four hours. The extracts are combined and the water is evapo 
rated by vacuum to concentrate the extract to about 5 or 6 kg. 
An amount of ethanol (95%) equal to one and one-halftimes 
the weight of the concentrated extract is added; the amount of 
ethanol may be increased to about four times the weight of the 
concentrated extract if a higher content of chlorogenic acid in 
the final extract is desired. The mixture is stirred for 15 
minutes, and the slurry is allowed to stand at ambient tem 
perature for at least one hour. The resulting precipitate is 
removed by either centrifugation or filtration and is subse 
quently discarded. The ethanol is evaporated from the Super 
natant or filtrate under vacuum, and the aqueous solution is 
dried under vacuum to yield about 460-500g of a tan-colored 
powder. Alternatively, the aqueous Solution may be concen 
trated to an appropriate solid content of about 30% to 45% of 
the total weight, followed by spray-drying the concentrated 
aqueous Solution to a tan colored powder. The powdered 
extract is soluble in water. It forms a clear solution in water. 
The chlorogenic acid is analyzed by HPLC and the results are 
Summarized as follows. 

3-CQA 4-CQA 5-CQA FQAs di-CQAs FCQAs 
(% w/w) (% w/w) (% wiw) (% w/w) (% w/w) (% w/w) 

8.6 8.4 16.7 8.9 5.8 3.0 

0052. In all the examples, the extract is analyzed by high 
performance liquid chromatography (HPLC) using a Prodigy 
ODS-3 column (150x4.6 mm, particle size 5um) (Phenom 
enex, Torrance, Calif.) at ambient temperature, interfaced 
with a mass spectroscopic detector (MSD) to measure chlo 
rogenic acid. The gradient used for elution of the compounds 
is given in Table 2. 

TABLE 2 

Time Flow Rate Acetonitrile? Waterf 
(min) (ml/min) 0.1% Trifluoroacetic acid 0.1% Trifluoroacetic acid 

O O.8 10 90 
18 O.8 10 90 
30 O.8 70 30 
32 O.8 70 30 
33 O.8 10 90 
43 O.8 10 90 
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Total Chlorogenic 
acid 

58.88 

0053. The conditions for MSD areas follows: atmospheric 
pressure chemical ionization mode, positive and negative 
polarity, gas temperature of 350° C., vaporizer temperature of 
450° C., drying gas flow rate of 6.01/min nitrogen, nebulizer 
pressure of 35 psig, capillary voltage of 2500 V. corona cur 
rent of 7LA, and fragmentor voltage of 80V. A standard curve 
is prepared using chlorogenic acid with the molecular for 
mula of CHO, (catalog No. C44206, Aldrich, Milwaukee, 
Wis.). 
0054) Other types of chlorogenic acid are also likely 
present but are not detected using the conditions for analysis. 
It will be appreciated that the HPLC and MSD conditions may 
be modified to resolve different types of chlorogenic acid, and 
that the yield and content of chlorogenic acid may vary with 
different batches and different types of green coffee beans or 
different sources. 
0055 Extracts of chlorogenic acid from several batches of 
green coffee beans are prepared as solutions ranging from 
2.8%" to 10%", pH ranging from about pH 4.5 to about 
pH 6.0, and are added to various consumables based on the 
weight of the powder. These solutions are added to consum 
ables to modify and/or mask off-tastes. 

EXAMPLE 6 

0056 Chlorogenic Acid (Synthetic) Added to an Aged 
Artificially Sweetened Beverage 
0057. An artificially sweetened beverage is prepared by 
mixing 1.4 g aspartame, 0.9 g acesulfame K, 6 ml sodium 
benzoate (25%" in water), 1.3 ml phosphoric acid (85%"), 

Total Chlorogenic 
acid 

514 

and 0.5 ml citric acid (50%" in water). The volume of the 
mixture is adjusted to 1000 ml with water. The beverage 
mixture is aged for three weeks at 34°C. 
(0058. A 2.8%" solution of a commercially available 
synthetic chlorogenic acid (>95% pure (1,3,4,5-tetrahy 
droxy-cyclohexanecarboxylic acid 3-3,4-dihydroxycin 
namate), Sigma Chemical Co., St. Louis, Mo.), in water, pH 
5.6, is added to a portion of the aged beverage to a final 
concentration of 0.003%". The beverage containing chloro 
genic acid is evaluated and compared to the untreated bever 
age by a six member panel of trained flavorists. The beverage 
containing the commercial chlorogenic acid is judged by the 
panel to display markedly less of the metallic, slightly bitter 
aftertaste found in the aged artificially sweetened beverage. 

EXAMPLE 7 

Chlorogenic Acid (Extracted) Added to an Aged 
Artificially Sweetened Beverage 

0059. To another portion of the artificially sweetened bev 
erage prepared as described in the first paragraph of Example 
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6, an aqueous Solution of chlorogenic acid from the powdered 
extract of green coffee beans is added to a final concentration 
of 0.003%" chlorogenic acid. This beverage is evaluated by 
the same flavorist panel as described in Example 6. The 
beverage containing chlorogenic acid extracted from green 
coffee beans is also judged to display markedly less of the 
metallic, slightly bitter aftertaste found in the aged artificially 
Sweetened beverage. 

EXAMPLE 8 

0060 Chlorogenic Acid Added to an Unflavored Alco 
holic Beverage 
0061. A 10 proof (5% alcohol) unflavored beverage is 
prepared by mixing 5.26 ml Grain Neutral Spirits (95% alco 
hol), 92.24 ml water, 2.0 ml high fructose corn syrup, 0.25 ml 
sodium benzoate (10%" in water), and 0.25 ml potassium 
sorbate (10%" in water). 
0062. A solution of chlorogenic acid from a green coffee 
bean extract, prepared as previously described, is added to a 
portion of the alcoholic beverage to a final concentration of 
0.0035%" chlorogenic acid. The beverage containing chlo 
rogenic acid is evaluated by a six member panel of trained 
flavorists. The beverage is judged to display significantly less 
of the alcohol-bum taste than that observed in the untreated 
beverage. 

EXAMPLE 9 

0063 Chlorogenic Acid Added to a Soy Product 
0064. A solution of chlorogenic acid from a green coffee 
bean extract, prepared as previously described, is added to a 
commercial soy milk product (White Wave, Silk Chocolate) 
to final concentration of 0.04%" chlorogenic acid. 
0065. A six member panel of trained flavorists evaluating 
the product containing chlorogenic acid find the Soy milk's 
beany aldehydic soy off-notes to be masked and perceive the 
product to be Smoother and creamier in comparison to the 
product without chlorogenic acid. 

EXAMPLE 10 

0066 Chlorogenic Acid Added to a Flavored Carbonated 
Beverage 
0067. A solution of chlorogenic acid from a green coffee 
bean extract, prepared as previously described, is added to a 
standard carbonated orange flavored beverage (flavor level 
0.2%) to fmal concentration of 0.001%" chlorogenic acid. 
0068 A six member panel of trained flavorists compared 
the carbonated beverages with and without addition of chlo 
rogenic acid. The panel finds the beverage containing chlo 
rogenic acid to have a significantly lowered impact of the 
sharp, slightly burning sensation of the carbonation when 
compared to the beverage without added chlorogenic acid. 

EXAMPLE 11 

0069 Chlorogenic Acid Added to Aspartame Sweetened 
Yogurt 
0070 A solution of chlorogenic acid from a green coffee 
bean extract, prepared as previously described, is added to a 
commercial non-fat yogurt (Dannon, Light in Fit Vanilla 
Yogurt, with Aspartame & fructose added) to a final concen 
tration of 0.005%" chlorogenic acid. 
0071. A panel of six trained flavorists compares the 
yogurts with and without addition of chlorogenic acid. The 
panel judges that the product containing chlorogenic acid 
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displays an improved body and texture in the mouth, and that 
the overall sweetness perception is fuller and more rounded 
than the yogurt without addition of chlorogenic acid. 

1. A consumable comprising an ingredient or ingredients 
that provide or cause an off-taste in the consumable, and a 
chlorogenic acid provided as an additive in a concentration 
sufficient to mask or modify the off-taste. 

2. A consumable according to claim 1 comprising an ingre 
dient selected from the group consisting of an artificial Sweet 
ener, alcohol, Soy, carbon dioxide, and combinations thereof. 

3. The consumable of claim 1 or 2, wherein said ingredient 
is an artificial Sweetener, selected from the group consisting 
of L-aspartyl-L-phenylalanine methyl ester (aspartame), sac 
charine and salts thereof, acesulfame salts (e.g., acesulfame 
K), cyclohexylsulfamic acid, dihydrochalcones, Xylitol, 
neotame. Sucralose, alitame cyclamates, Stevio derivatives, 
and combinations thereof. 

4. The consumable of any of the preceding claims selected 
from the group consisting of cereal products, rice products, 
tapioca products, Sago products, baker's products, biscuit 
products, pastry products, bread products, confectionery 
products, desert products, gums, chewing gums, chocolates, 
ices, honey products, treacle products, yeast products, bak 
ing-powder, salt and spice products, savory products, mustard 
products, vinegar products, sauces (condiments), tobacco 
products, cigars, cigarettes, processed foods, cooked fruits 
and vegetable products, meat and meat products, jellies, jams, 
fruit sauces, egg products, milk and dairy products, cheese 
products, butter and butter substitute products, milk substi 
tute products, soy products, edible oils and fat products, 
medicaments, beverages, alcoholic drinks, beers, soft drinks, 
mineral and aerated waters and other non-alcoholic drinks, 
fruit drinks, fruit juices, coffee, artificial coffee, tea, cocoa, 
including forms requiring reconstitution, food extracts, plant 
extracts, meat extracts, condiments, Sweeteners, nutraceuti 
cals, gelatins, pharmaceutical and non-pharmaceutical gums, 
tablets, lozenges, drops, emulsions, elixirs, syrups and other 
preparations for making beverages, and combinations 
thereof. 

5. A consumable according to any of the preceding claims 
wherein the chlorogenic acid is derived from a natural extract, 
or is synthetic, or is a combination of natural extract and 
synthetic chlorogenic acid. 

6. A consumable according to any of the preceding claims 
wherein the chlorogenic acid is derived from an extract of 
coffee beans, preferably green coffee beans, more preferably 
green robusta coffee beans. 

7. A consumable according to any of the preceding claims 
wherein the chlorogenic acid is selected from the group con 
sisting of 3-CQA, 4-COA, 5-CQA, 3-FQA, 4-FQA, 5-FQA, 
3-p-CoQA, 4-p-CoQA, 5-p-CoQA, 3,4-diCQA, 3,5-diCQA, 
4,5-diCQA, 3,4-CFOA, 3.5-CFQA, 4.5-CFQA, or combina 
tions thereof. 

8. A consumable according to any of the preceding claims 
containing chlorogenic acid at a concentration of about 
0.0001%" to about 0.1%", more preferably of about 
0.001%" to about 0.01%". 

9. A carbonated consumable containing chlorogenic acid 
as defined in any of the preceding claims, preferably at a 
concentration of about 0.0005%" to about 0.05%", more 
preferably of about 0.001%" to about 0.02%" in the con 
Sumable. 
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10. A taste-modifying composition comprising an ingredi 
ent that imparts an off-taste to a consumable as defined in any 
of the preceding claims, and chlorogenic acid as defined in 
any of the preceding claims. 

11. A method for modifying an off-taste of a consumable 
comprising adding chlorogenic acid as defined in any of the 
preceding claims to a consumable or to a composition as 
defined in any of the preceding claims in an effective amount 
to modify or mask the off-taste. 

12. A method for modifying a Sweetness perception of a 
consumable comprising adding a chlorogenic acid as defined 
in any of the preceding claims to a consumable or to a com 
position as defined in any of the preceding claims in an 
effective amount to modify the Sweetness perception. 

13. A method of forming a chlorogenic acid extract, com 
prising the steps of extracting chlorogenic acid from a botani 
cal Source in a solvent composed of water and/or a polar 
organic solvent at 30-80° C. one or more times. 

14. A method according to claim 13, comprising the addi 
tional steps of collecting the extract and further purifying said 
extract either by precipitation of insoluble impurities, phase 
separation with organic solvents not miscible with water, 
microfiltration, adsorption chromatography, or a combina 
tion of said steps. 

15. Method according to claim 13 or 14, wherein the 
organic Solvent used for extraction is selected from the group 
consisting of methanol, ethanol, n-propanol, 2-propanol, 
acetone and propylene glycol, preferably methanol and etha 

Jul. 26, 2012 

nol, most preferably ethanol, the composition of the solvent 
being in the range of 100/0 water/organic solvent (w/w) to 
10/90 water/organic solvent (w/w), more preferably in the 
range of 50/50 water/organic solvent (w/w) to 30/70 water/ 
organic solvent (w/w). 

16. Method according to claim 13, 14 or 15, wherein the 
extraction temperature is about 45-60° C. 

17. Method according to claim 13, 14, 15 or 16, wherein the 
precipitation of insoluble impurities is carried out by adding 
an organic solvent miscible with water, preferably methanol, 
acetone, n-propanol or 2-isopropanol, more preferably etha 
nol, to the extract. 

18. Method according to claim 13, 14, 15 or 16, wherein the 
phase separation is carried out with organic solvents not mis 
cible with water, preferably hexane, cyclohexane, heptane, 
dichloromethane, chloroform, toluene, petroleum ether, 
methyl t-butyl ether, ethyl acetate and butanol and optionally 
added second solvent which is miscible with water, prefer 
ably methanol, ethanol, acetone, n-propanol and 2-propanol. 

19. A method according to any of the claims 13-18, extract 
ing chlorogenic acid from green coffee beans, preferably 
green robusta coffee beans. 

20. An extract obtainable according to any of the claims 
13-19. 

21. Use of chlorogenic acid as defined in any of the pre 
ceding claims as a taste modifying, taste masking or Sweet 
ness-enhancing additive in consumables. 

c c c c c 


