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ABSTRACT
VL

A coffee cherry is harvested, preferably in a sub-ripe state, and quick-dried to provide a basis for numerous
nutritional products. Such coffee cherries and portions thereof may be particularly characterized by their extren
low concentration of mycotoxins, including various aflatoxins, fumonising, ochratoxins, and/or vomitoxin (DON,
deoxynivalenocl).
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Attorney Docket No.; 100700.0024PCT

LOW-MYCOTOXIN COFFEE CHERRY PRODUCTS
Field of The Invention

The field of the invention is food products, and especially food products prepared from
whole quick-dried sub-ripe coffee cherries, or fragments/portions thereof.

Background of The Invention

Various parts of the coffee tree have been used for nutritional purposes for a relatively
long time (see e.g., Pendergrast, M. Uncommon Grounds. Basic Books: New York, 1999). For
example, coffee tree leaves and fresh, ripe coffee cherries were boiled to make tea. In other
examples, the pulp of the coffee cherry can be fermented to produce wine as described in
Chinese Patent CN 1021949, In a still further well known example, the seeds (i.e., the beans) of
the coffee tree are extracted from the cherry, dried, roasted, ground, and extracted with hot water
to provide the beverage that many users enjoy as coffee.

Unfortunately, coffee cherries, and especially the pulp and husk tend to rapidly spoil in
the presence of molds, fungi, and other microorganisms, and therefore contain almost always
significant levels of mycotoxins (see e.g., Pittet, A., Tomare, D., Huggett, A., Viani, R. Liquid
Chromatographic Determination of Ochratoxin A in Pure and Adulterated Soluble Coffee Using
anf Immunoaffinity Column Cleanup Procedure. J. Agric. Food Chem. 1996, 44, 3564-3569; or
Bucheli, P., Kanchanomai, C., Meyer 1., Pittet, A. Development of Ochratoxin A during Robusta
(Coffea canephora) Coffee Cherry Drying. J. Agric. Food Chem. 2000, 48, 1358-1362). Thus,
beverages produced from the coffee pulp, husk, mucilage, and/or whole coffee cherry generally
failed to find acceptance as beverage ingredients (Although one product is advertised as "coffee
cherry tea" [http://www.paradiserelocation.com/paradisetogo/foodproducts.htm], the product is
actually made from coffee cherry pulp and was recently determined to have substantial quantities

of mycotoxins).

Even in situations where the pulp, mucilage, and hull is removed, mycatoxins may still
be present on and/or in the coffee bean. Consequently, considerable efforts have been undertaken
to detoxify coffee beans and other food products. For example, where the mycotoxin is already
present in the food product, selected mycotoxins can be extructed from the food product using

0810999994000
27301391 04710003 -1-
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various solvents and procedures as described in U.S. Pat. No. 4,436,756 to Canella et al. On the
other hand, various mycotoxins can be adsorbed from the food product onto a mineral carrier as
described in U.S. Pat. No. 5,935,623 to Alonso-Debolt.

In still other methods, selected mycotoxins can be degraded using enzymes as described
in U.S. Pat. No. 5,716,820 to Duvick et al. The inventors in the '820 reference even contemplate
that the genes encoding for such enzymes may be cloned to produce transgenic plants that are
then thought to be less contaminated with mycotoxins. Aliematively, microorganisms may be
employed to destroy enzymatically mycotoxins found in food products as described in U.S. Pat.
No. 6,025,188 to Duvick et al.

Where mycotoxins are not yet produced by a micmo‘rganism present on a plant or other
food stuff, pesticides or other compositions thet control microbial growth or production of
mycotoxins in microorganisms may be employed. For example, Emerson et al. describe in U.S.
Pat. No. 5,639,794 use of a saponin as a synergist to control colonization and/or growth of plant
and animal pathogens. Alternatively, as described in U.S. Pat. No. 4,199,606 to Bland, propionic
acid on a carrier may be employed as a diffusible growth inhibitor for various microorganisms.
Further known compositions (see e.g., U.S. Pat. No. 5,698,599 to Subbiah or U.S. Pat. No.
3,798,323 to Leary) may be employed to suppress or at least reduce synthesis of mycotoxins in a

microorganism.

Altematively, mycotoxin-containing food products may be blended with uncontaminated
food products to a concentration that is acceptable and/or below the maximum allowable amount
of mycotoxins in food products (see e.g., Herrman, T. and Trigo-Stockli, D.; Mycotoxins in Feed
Grains and Ingredients; Kansas State University, May 2002), or (at least potentially) mycotoxin-
containing coffee cherry products may be employed in a non-food product. In still other uses, the
mycotoxin content may not be considered relevant as the coffee cherry product is incinerated and
thus the mycotoxins are at least partially destroyed as described in U.S. Pat. No. 4,165,752, GB
2026839, or CA 1104410. Here, the inventor teaches that the coffee cherries may be compressed,
dehydrated, ground, and roasted to yield a smokable product.

However, while most of the known methods reduce the concentration of mycotoxins to at
least some degree, numerous disadvantages remain. Among other things, additional processing

S0ND99999-4000
273033.01 sD4/10/03 -2-
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cherry has a mycotoxin level of less than 20 ppb for total afletoxins, less than 10 ppb for total
ochratoxins, and less than 5 ppm for total fumonisins, and preferably has a polyphenol
concentration of at least 10 mg/oz (most preferably st & chlorogenic acid to caffeine ratio of at
least 2.7).

Thus, viewed from another perspective, it is contemplated that a quick-dried coffee
cherry or portion thereof has a mycotoxin level of less than 20 ppb for total aflatoxins, less than
10 ppb for total achratoxins, and less than 5 ppm for total fumnonisins, preferably having a
chlorogenic acid content of at least 2% (wt/wt) and a polyphenol content of at least 3.2% (wt/wt).

Various objects, features, aspects and advantages of the present invention will become
more apparent from the following detailed description of preferred embodiments of the

invention.

Detgiled Description

The inventors have discovered that low-mycotoxin or even mycotoxin-free tea and other
food products may be produced from whole, substantially non-damaged coffee cherries that are
preferably picked at a sub-ripe stage, and wherein the coffee cherry is quick-dried after harvest.
Among other advantages, the inventors discovered that such coffee cherries significantly reduce
the likelihood of infestation of the coffee cherry with mold and fungi known to produce
mycotoxins, Still further, the inventors discovered that sub-ripe coffee cherries (in contrast to
completely unripe coffee cherries) provide a desirable level of flavor and an aroma profile in the
coffee cherry product (e.g., coffee cherry tea) as well as relatively high levels of polyphenols,
polysaccharides, and other nutrients.

The term "food product"” as used herein refers to any product that is ingested by a human
and/or animal for nutritional, health-maintenance, health-improvement, and/or recreational
purpose. Particularly preferred food products include those consumed by human, wherein such
food products may be solid products (e.g., dietary supplement, snack bar, bagged tea, etc.) or
liquid products (e.g., tea or other beverage, syrup or elixir, etc.).

As also used herein, the term "¢offee cherry” refers to the fruit of the coffee tree (Coffea
spec., Family Rubiaceae) in which exocarp and outer mesocarp (i.e., the pulp) surround the inner

305/099999-4000
273033.01 /1083 -4-
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mesocarp (/.. the mucilage) and endocarp (i.e., the hull), which in turn surround the seeds (i.e.,
the beans). Thus, the term coffee cherry specifically refers to a whole coffee cherry, which may
or may not include the stem of the cherry.

The term "sub-ripe coffee cherry" refers to a coffee cherry that has not yet reached the
ripe stage, which is generally characterized by susceptibility to or presence of a fungal infection
and/or presence of mycotoxins. Thus, a sub-ripe coffee cherry is at a ripeness stage in which the
coffee cherry - when quick-dried - will exhibit mycotoxin levels that are below 20 ppb for total
aflatoxins, below 5 ppm for total fumonisins, below 5 ppm for total vomitoxins, and below 5 ppb
for ochratoxins. Consequently, quick-dried coffee cherries are typically dried within 0-48 hours
(and more preferably between 6-24 hours) of the harvest such that the residual water content is
no higher than 20% (wt/wt), and more typically no higher than 6-12% (wt/wt).

Viewed from an other perspective, sub-ripe coffee cherries generally have a complete or
almost complete (at least 95% of the cherry) red color (or in some cases yellow celor), and
typically include various surface defects (e.g., blemishes, cuts, and/or holes covering an area of
more than 5% of the cherry). Thus, a sub-ripe coffee cherry will typically exhibit at least some
green color (at least 5%, more typically at least 10%) and will typically be free of any surface
defects (e.g., blemishes, cuts, and/or holes covering an area of less than 5% of the cherry). Sub-
ripe coffee cherries may also be characterized in that they will remain on the coffee tree for a
subsequent round of picking where the coffee cherries are hand picked and used for the
production of coffee beans. Alternatively, a color sorting machine with CCD equipment may be
employed to identify and select sub-ripe coffee cherries on a quantitative color basis where the
coffee cherries are mass-harvested and automatically sorted.

It should further be appreciated that while many of the following aspects and examples
employ coffee cherries in a sub-ripe state, completely ripe coffee cherries are also contemplated
suitable herein, especially where such ripe coffee cherries are substantially devoid of surface
damage (i.e., no more than 5% of surface area) or microbial infection (i.e., infestation that resulits
in mycotoxin levels of less than 20 ppb for total aflatoxins, less than 5 ppm for total fumonisins,
less than 5 ppm for total vomitoxins, and less than 5 ppb for ochratoxins on a dry weight basis).

Thus, all contemplated food products and/or coffee cherries may comprise completely ripe as
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well as sub-ripe coffee cherries in varying proportions. For example, suitable proportions include
100% ripe : 0% sub-ripe, preferably 90% ripe : 10% sub-ripe, more preferably 75% ripe : 25%
sub-ripe, even more preferably 50% ripe : 50% sub-ripe, and most preferably less than 25% ripe :
more than 75% sub-ripe.

As further used herein, the term "quick-dried” coffee cherry means that the whole coffee
cherry is dried under a protocol that limits growth of molds, fungi, and/or yeast to an extent such
that the dried coffee cherry will exhibit mycotoxin levels that are below 20 ppb for total
aflatoxins, below 5 ppm for totat fumonisins, below 5 ppm for total vomitoxins, and below 5 ppb
for ochratoxins. Consequently, quick-dried coffee cherries are typically dried within 0-48 hours
(and more preferably between 6-24 hours) of the harvest such that the residual water content is
no higher than 20% (wt/wt), and more typically no higher than 6-12% (wt/wt).

As still further used herein, the term "mycotoxin” refers to any toxic product formed in a
mold, fungus, and/or yeast that exhibits significant toxicity 0 a human or animal when ingested.
Thus, specifically contemplated mycotoxins include aflatoxins (and particularly B1, B2, G1, and
G2), fumonisins (and particularly B1, B2, and B3), ochratoxin, deoxynivalenol (DON,
vomitoxin), T-2 toxin, and zearalenone. The term "total afletoxins” therefore refers to the sum of
all aflatoxin variants, the term "total fumonisins” refers to the sum of all fummonisin variants, and
the term "total ochratoxins" therefore refers to the sum of sll ochratoxin variants.

In one exemplary aspect of the inventive subject matter, whole undamaged sub-ripe (e.g.,
semi ripe or almost ripe) coffee cherries are hand picked and within about one hour quick-dried
using a dry air drier at about 140°F until constant weight is obtained. The so obtsined coffee
cherries typically possess significant storage stability, high resistance to infection by fungi, and
lower shipping weight than wet cherry.

It is generally contemnplated that the sub-ripe coffee cherries may be derived from various
sources, and the perticular use of the sub-ripe coffee cherries will at least in part determine the
particular source(s). However, it is preferred that the sub-ripe coffee cherries are derived from a
single coffee species (e.g., coffea arabica), which is cultivated under similar growth conditions
(e.g., shade-grown). Among other advantages, it is contemplated that a single source of coffee
cherries will facilitate quick-drying the sub-ripe coffee cherries. It should be recognized,

00999994000
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however, that once the sub-ripé coffee cherries are quick-dried, various coffee species and/or
coffee cherries from various growth conditions may be blended to achieve a mixture with
particularly preferred characteristics.

Furthermore, it should be appreciated that depending on the particular product or use for
the coffee cherry, the degree of ripeness of the coffee cherry may vary considerably. For
example, where extraction of polyphenols and/or chlorogenic acid from the whole coffee cherry
is desired, semi-ripe (stage 1 or stage 2) coffee cherries may be used. On the other hand, where
the coffee cherry is used for the production of a coffee cherry tea and flavor and aroma are
paramount, almost ripe coffee cherries may be picked. In still further contemplated aspects,
unripe coffee cherries, or any reasonable mixtures of varying ripeness degrees may be used.
Especially where the coffee cherry is a ripe coffee cherry, it is contemplated that the whole
cherry is preferably free of surface defects, including cracks, splits, holes, or other openings.
However, while not preferred, coffee cherries with surface defects may also be used. While not
limiting to the inventive subject matter, it is generally preferred that the sub-ripe coffee cherries
(or coffee cherry mixtures) are washed with water or other aqueous solution (e.g., diluted
hypochlorite solution) to remove soil particles and other debris before drying.

Quick-drying is preferably performed immediately after picking to up to about two days
after picking until a constant weight is obtained (or until the outer pulp of the cherry has dried).
Thus, and depending on the particular heat source available, it is generally preferred that quick-
drying is performed at a temperature of about 100° to about 180°F for a period of about 6-48
hours. For example, where electrical (or other) energy is readily available, the sub-ripe coffee
cherries may be dried in @ warm air drier in a stationary or rotating drum, or in a refractance
window drying process. Alternatively, the sub-ripe coffee cherries may also be freeze dried. On
the other hand, and especially where energy sources are not readily available, the sub-ripe coffee
cherries mey be sun dried. However, regardiess of the particular drying method, it should be
recognized that the sub-ripe coffee cherries are quick-dried to prevent production of mycotoxins
from fungi, molds, and/or yeast that are already present and/or colonize (e.g., via infection or
sporulation) the coffee cherry. Thus, sub-ripe coffee cherries are advantageously dried on a
surface that is clean and free of sources of mycotoxin contamination. In further altemative
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aspects of the inventive subject matter, the sub-ripe coffee cherries may also be frozen and
stored/transported until quick-drying can be implemented.

The so obtained quick-dried sub-ripe coffee cherrizs may then without further mycotoxin
detoxification be employed for various uses in numerous food products. For example, where the
whole quick-dried sub-ripe coffee cherry is used in a food product, the coffee cherry may be
admixed with another consumable (e.g., admixture with grain for animal feed, or coating with
chocolate for human consumption). In another especially preferred example, the quick-dried sub-
ripe coffee cherry is ground and used as a food additive or as a basis for brewing coffee cherry
tea (e.g., for use as loose tea, grinding to a size of 500-3000 um is preferred, or for bagged teas,
grinding to a size of 200-1000 um is preferred).

Alternatively, it should be recognized that only parts of the quick-dried sub-ripe coffee
cherry may be employed in a food product. For example, where the sub-ripe coffee cherry is in
an almost ripe state, it is contemplated that the pulp, mucilage, and/or hull may be separated
from the seeds, which are then (optionally admixed with other seeds) roasted to commercial
grade coffee beans. The remaining pulp, mucilage, and/or hull from the quick-dried sub-ripe
coffee cherry may then be employed as food additive or basis for extraction of one or more
desired components (e.g., polyphenols).

In still further contemplated uses of so obtained quick-dried sub-ripe coffee cherries, it is
contemplated that the coffee cherries (or portions thereof) may be employed as starting material
for extraction of various beneficial components. For example, the quick-dried sub-ripe coffee
cherries may be extracted with an aqueous (e.g., water, water-ethanol mixture) or non-aqueous
solvent (e.g., critical point CO,, dimethylformamide) to isolate one or more components that can
be used in a food product. For example, quick-dried sub-ripe coffee cherries may provide an
excellent source of polyphenols, chlorogenic acid, and/or caffeine.

The term "polyphenol” as used herein refers to a diverse group of compounds produced
by a plant, wherein the compounds include a phenol ring to which at least one OH group, and
more typically at least two OH groups are covalently attached. For example, representative
polyphenols include ellagic acid, tannic acid, venillin, caffeic acid, chlorogenic acid, ferulic acid,
catechins (e.g., epicatechin gallate, epigallocatechin), flavonols (e.g., anthocyanidins, quercetin,

SOWD99999-4000
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kaempferol), and various other flavonoids, and their glycosides and depsides. Furthermore,
contemplated polyphenols may also be in oligomeric or polymeric form (e.g., oligomeric
proanthocyanidins or condensed tannins).

In another preferred aspect of the inventive subject matter, the inventors contemplate use
of whole quick-dried sub-ripe coffee cherries in the production of various beverages. For
example, it was observed that teas produced from unripe (green) and semi-ripe stage 1 whole
quick-dried coffee cherries possess relatively low aroma and flavor characteristics. Thus, extracts
or at least partially condensed teas from unripe (green) and semi-ripe stage ! whole quick-dried
coffee cherries may be added as low-flavor additive to a commercially available beverage to
enhance the nutritional properties.

As ripeness increases, more aroma and flavor is evident in the quick-dried sub-ripe coffee
cherries. Consequently, tea produced from semi-ripe stage 2 and almost ripe whole coffee
cherries will possess high aroma and fruity flavor, and the inventors contemplate that semi-ripe
and almost ripe coffee cherries could be used directly after quick-drying and grinding for a
“Whole Coffee Fruit Tea”, either by itself or after placing into tea bags. As illustrated below,
such a tea would provide high levels of polyphenols, typically 60-70 mg per 6 oz. cup.
Furthermore, teas prepared from whole quick-dried sub-ripe coffee cherries generally possess
relatively high ratios of chlorogenic acid to caffeine (typically about 2-4.5) as compared to
beverages made from roasted coffee (typically about 0.4). Therefore, it should be appreciated
that tea prepared from quick-dried sub-ripe coffee cherries is much more nutritional (based upon
polyphenols and chlorogenic acid) than roasted cofTee.

Therefore, the inventors contemplate a food product that includes a preparation of a
(preferably sub-ripe) coffee cherry that is quick-dried such that a mycotoxin level of the coffee
cherry is less than 20 ppb for total aflatoxins, less than 10 ppb for total ochratoxins, and less than
5 ppm for total fumonisins. Alternatively, contemplated mycotoxin levels may also be in the
range of 20-50 ppb, but more preferably less than 15 ppb, even more preferably less than 10 ppb,
and most preferably less than 5 ppb for total aflatoxins. Similarly contemplated mycotoxin levels
also include a range of 10-30 ppb, but more preferably less than S ppb, even more preferably less
than 3 ppb, and most preferably less than 2 ppb for total ochratoxins. Likewise, contemplated
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mycotoxin levels also include a range of 5-20 ppm, but more preferably less than 15 ppm, even
more preferably less than 10 ppm, and most preferably less than § ppm for total fumonisins

and/or vomitoxins.

As already discussed above, the preparation of the sub-ripe coffee cherry may include the
whole coffee cherry, comprise a ground fragment of the whole coffee cherry, or include the bean,
the pulp, the mucilage, and/or the hull of the quick-dried sub-ripe.coffee cherry. Alternatively, it
should be recognized that the preparation may also comprise an extract from the whole quick-
dried sub-ripe coffee cherry (or fragment or portion thereof),

Contemplated food products especially include beverages prepared from contemplated
quick-dried sub-ripe coffee cherries (or fragments or portions thereof), or beverages to which
extracts or pieces from contemplated quick-dried sub-ripe coffee cherries (or fragments or
portions thereof) have been added. Similarly, further contemplated food products include baked
goods (e.g., bread, crackers, etc.), snacks {e.g., candy or energy bars), cereals, and other solid
nutrients to which extracts or pieces from contemplated quick-dried sub-ripe coffee cherries (or
fragments or portions thereof) have been added.. Alternatively, contemplated food products also
include a nutritional supplement in liquid or solid form that comprises an extract of the quick-
dried sub-ripe coffee cherry.

Depending on the particular purpose, it should be recognized that such food products may
be prepared from quick-dried sub-ripe coffee cherries having a primarily green color with less
than 25% red color, more preferably with less than 25% green color, and most preferably from
quick-dried sub-ripe coffee cherries having primarily (no less than 90%, most typically no less
than 95%) red color with less than 5% blemished area. Still further contemplated compositions
and methods are disclosed in our co-pending U.S. Patent application with the title "Methods for
Coffee Cherry Products”, filed on or about April 16, 2003, which is incorporated by reference
herein.

Examples

The following examples are provided to enable a person of ordinary skill in the art to
make and use compositions according to the inventive subject matter and to illustrate exemplary
compositions and methods generally described herein.

1701301 s0410/03 -10-
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Harvest Of Whole Coffee Cherries

The ripeness of the coffee cherries was determined by visually estimating the amount of
green and red color (or yellow, where applicable) of the whole cherries. As the cherries ripen, the
green cherries will typically increase in size and subsequently develop increasing amounts of red
color. For the present examples, the coffee cherries were collected at four stages of ripeness:
Completely, or almost completely green (unripe; typically less than 5% of the coffee cherry red
or yellow), primarily green with some red (semi-ripe, stage 1; typically less than 25% of the
coffee cherry red or yellow), primarily red with some green (semi-ripe, stage 2; typically less
than 25% of the coffee cherry green), and unbroken, unblemished red (almost ripe; typically less
than 10% of the coffee cherry green; area of blemishes, cuts, or otherwise broken surface less
than 5%). As much as possible, whole, unbroken and uncut cherries were collected.

Quick-Drying Of The Whole Coffee Cherries

Whole coffee cherries for sample extraction were prepared by drying the cherries within
1-12 hours after harvest on separate trays of an air dryer according to the following procedure.
Coffee cherries (400-600 g) were weighed into beakers and washed two times with tap water,
followed by a single wash with distilled water. The so washed coffee cherries were placed on a
tray of an eir dryer to drain, and then dried at 150-160°F for 16-18 hours to constant weight.
Drying was stopped when the weight at two consecutive one-hour intervals differed by less than
1 g. Typical yields of dried whole cherry were 160-220 g. Further analysis indicated 6-12%
residual water content in the dried cherry.

Mycotoxin Analysis

In order to determine the viability of the whole coffes cherry at the unripe, semi-ripe, and
almost ripe stages (see above) for use in a nutritional product (and especially for use in tea), the
level of selected mycotoxins was measured and compared against comparative products and red,
ripe coffee cherry by-product from coffee production. As can be clearly seen in Table 1 below,
quick-dried coffee cherries of all sub-ripe harvest stages had a mycotoxin level below the
detection limit of 1 ppb (as measured for aflatoxin and ochratoxin).

SON0P9IPI-4000
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The mycotoxin concentration was determined in an independent laboratory by both
ELISA and HPLC analysis. Based on the below results, the inventors conclude that all samples
from the different sub-ripe harvest stages are suitable for direct use in a nutritional product for
both human and veterinary consumption. In contrast, the by-product of coffee production
(predominantly consisting of pulp, mucilage, and hull from coffee cherries) from ripe cherries of
red color with blemishes (typically greater than 20% of the cherry surface) had a substantial
content in both aflatoxins and ochratoxins. Similarly, the comparative product "Paradise to Go
Tea" (made from coffee cherry pulp) exhibited mycotoxins in double-digit concentrations.

RIPENESS " COLOR AFLATOXIN | OCHRATOXIN
Unripe, quick-dried Green < lppb < lppb
Semi-ripe Stage 1, quick- | Mostly green with
dried some red < lppb < Ippb
Semi-ripe Stage 2, quick- | Mostly red with some
dried green < lppb < lppb
Almost ripe, quick-dried Ese;ia Blemished Area < 1ppb < 1ppb
Ripe (by-product of Red, Blemished Area s
Coffee Production) >20% 200 ppb > 500 ppb
Paradise to Go Tea (dry
matter) _ N/A >25 ppb > 40 ppb

Table 1

Polyphenol(PP), Chlorogenic Acid (CG), and Cajfeine (CF) Analysis for Quick-dried
Sub-ripe Whole Coffee Cherries

In a further series of experiments, the levels of total polyphenols, chlorogenic acid, and
caffeine from quick-dried whole coffee cherry at various sub-ripe stages were measured and
compared against green and roasted coffee beans. Table 2 summarizes the resuits of this

analysis.

Interestingly, while the polyphenol (PP) level of quick-dried coffee cherries of all sub-
ripe harvest stages was somewhat less than the level of green or roasted coffee beans, significant
quantities of polyphenols in quick-dried sub-ripe coffee cherries still remain. Similarly, the
chlorogenic acid (CG) content of quick-dried whole coffee cherry at various sub-ripe stages
remained at substantial high levels as compared to roasted coffee, but was somewhat lower as
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compared to green beans. The caffeine (CF) level of quick-dried coffee cherries of all sub-ripe
harvest stages was substantially within the caffeine level of green and roasted coffee beans (It
should be pointed out that all data given are on a dry matter basis and are not normalized to the
dry weight of the bean).

Polyphenol analysis: Dried whole coffee cherry (or green beans or roasted beans) (1.00 g)
were ground in a rotating steel knife coffee grinder for 30 seconds to produce a ground sample.
The ground sample was added to 100 mL distilled water and the resulting mixture heated to
boiling in an Erlenmeyer flask for 30 minutes. The heat was removed and the mixture allowed to
cool to room temperature. The resulting suspension was trensferred to a 100 mL graduated
cylinder and water added to bring the volume to 100 mL. The mixture was then transferred back
to the Erlenmeyer flask, stirred briefly, and the solids allowed to settle. An aliquot (~3 mL) of
the supernatant solution was filtered through an 0.45 pm Acrodisc filter, and the resulting clear
solution was diluted 1:10 with distilled water using a volumetric flask (1.00 mL diluted with 9.00
mL distilled water).

The Folin-Ciocalteu method was used to measure the polyphenol content of the diluted
solution as follows. One mL of the diluted solution was added to a test tube, mixed with 1 mL of
0.2N Folin-Ciocalteu's Phenol reagent (Sigma solution, 2N, diluted 1:10 with water), and
allowed to stand 5 minutes at room temperature. One mL of IN NaHCO; was added and the
reaction mixture left at room temperature for 2 hours. The polyphenol level was determined
using a UV-visible spectrophotometer standardized against catechin, at Amax=750 nm against
distilled water as blank.

Chlorogenic acid: Determination of chlorogenic acid was done using HPLC separation of
the filtered clear solution prepared above using standard analytical and separation protocols weli
known in the art. Similarly, determination of caffeine was done using HPLC separation of the
filtered clear solution prepared above using standard analytical and scparation protocols well
known in the art (for exemplary protocols see e.g., Bispo M.S,, et al. in 1. Chromatogr. Sci.;
2002, Jan;40(1):45-8, or Nakakuki, H. et al. in J. Chromatogr. A.;1999, Jul 2;848(1-2):523-7).

RIPENESS COLOR % PP | %CG | % CF | CG/CF I
Unripe, quick-dried Green 3.80 2.64 1.03 2,56 |
509/009999-1000
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Semi-ripe stage 1, quick- Mostly green with -
dried some red 3.28 270 1.00 2.70
Semi-ripe stage 2, quick- | Mostly red with some 1.54 2.00 0.70 2.86
dried n ’ ) ' e
Almost ripe, quick~dried Red, Biemished Area

<5% 3.35 N/D N/D N/D
Green Coffee beans Green 4.58 3.31 0.95 3.48
Roasted Coffee beans Brown 3.93 0.50 1.20 0.42

Table2

Polyphenol(PP), Chlorogenic Acid (CG), and Caffeine (CF) Analysis for a Tea brewed
Jrom Quick-dried Sub-ripe Whole Coffee Cherries

Quick-dried sub-ripe coffee cherry were ground in « rotating steel knife coffee grinder for

10-30 seconds to produce a ground sample. To the ground sample (1.00 g) was added 90 mL
(approx. 3 fluid oz.) boiling distilled water and the resulting mixture allowed to stand in an
Erlenmeyer flask for 10 minutes to produce a coffee cherry tea. An aliquot (~3 mL) of the
supernatant solution was filtered through a 0.45 um Acrodisc filter, and the resulting clear
solution was diluted 1:10 with distilled water using a volumetric flask (1.00 mL diluted with 9.00
mL distilled water). The Folin-Ciocalteu method as described above was used to measure the
polyphenol content (on dry matter basis, catechin equivalents) of the so prepared coffee cherry

tea. Table 3 summarizes the results.

RIPENESS SOLVENT % PP | %CG | % CF | CG/CF

Unripe, quick-dried Water 10.93 8.61 3.04 2.83
Semi-ripe stage 1, quick-

dried Water 9.8 7.58 2.72 2.78
Semi-ripe stage 2, quick- ,

dried Water 8.51 6.74 1.71 3.95
Almost ripe, quick-dried Water 6.92 1.34 0.29 4.61

Table 3

Brewing Of Teas From Whole Coffee Cherry Of Different Ripeness

The following procedure was used to prepare teas from whole coffee cherry of different

ripeness for aroma and taste testing. Whole dried coffee cherry (10-20 g) was ground in a
rotating steel knife coffee grinder for 10-30 seconds to produce a ground sample. The ground

305/099990-4000
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coffee cherry (2.0 g) was placed in a ceramic cup and of nearly boiling water (6 oz., 190-200°F)
added. The slurry was stirred and allowed to stand for 3 minutes, at which time the aroma and

taste of the supematant liquid were noted. Results are shown in Table 4.

RIPENESS COLOR AROMA | TasTE | PERROZ
Unripe, quick-dried Green None Almost no
taste 76 mg
Semi-ripe stage 1, quick- | Mostly green with Very Slight fruit
.dried some red mild flavor 66 mg
fruity
Semi-ripe stage 2, quick- | Mostly red with some | Mild Mild fruit Mm
dried green froity | flavor 8
Almost ripe, quick-dried Red, Blemished Area | Fruity Rich fruit 67m
<5% flavor &
Table 4
5 Thus, specific embodiments and applications of low-mycotoxin coffee cherry products

have been disclosed. It should be apparent, however, to those skilled in the art that many more
modifications besides those already described are possible without departing from the inventive
concepts herein. The inventive subject matter, therefore, is not to be restricted except in the spirit
of the appended claims. Moreover, in interpreting both the specification and the claims, all terms

10 should be interpreted in the broadest possible manner consistent with the context. In particular,
the terms "comprises” and "comprising” should be interpreted as referring to elements,
components, or steps in a non-exclusive manner, indicating that the referenced elements,
components, or steps may be present, or utilized, or combined with other elements, components,
or steps that are not expressly referenced.

15
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CLAIMS

What is claimed is:

10.

A food product comprising a preparation of a coffe: cherry that is quick-dried such that a
mycotoxin level of the coffee cherry is less than 20 ppb for total aflatoxins, less than 10
ppb for total ochratoxins, and less than 5 ppm for total fumonisins.

‘The food product of claim 1 wherein the preparation of the coffeec cherry comprises a
ground fragment of the coffee cherry.

The food praduct of claim 2 wherein the preparation of the coffee cherry comprises an
extract from a ground fragment of the coffee cherry.

The food product of claim 1 wherein the preparation of the coffee cherry comprises at
least one of a bean of the coffee cherry, a pulp of the coffee cherry, a mucilage of the
coffee cherry, and a hull of the coffee cherry.

The food product of claim 1 wherein the preparation of the coffee cherry comprises an
extract from at least one of a bean of the coffee cherry, a pulp of the coffee cherry, a
mucilage of the coffee cherry, and a hull of the coffee cherry.

The food product of claim 1 wherein the coffee cher:y is a sub-ripe coffee cherry and has

a primarily green color with less than 25% red color.

The food product of claim 1 wherein the coffee cherry is a sub-ripe coffee cherry and has
a primarily red color with less than 25% green color.

The food product of claim 1 wherein the coffee cherry is a sub-ripe coffee cherry and has
a primarily red color with less than 5% blemished arca.

The food product of claim 1 wherein the coffee cherry is quick-dried in a dryer using
heated air.

The food product of claim 1 wherein the coffee cherry is quick-dried in a dryer using
solar radiation.

$00/099995-4000
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The food product of claim 1 wherein the coffee cherry is quick dried by exposing the
coffee cherry to at least one of ambient air and sun light.

12.  The food product of claim | wherein the food product is a tea brewed from the coffee
cherry.

13.  The food product of claim 1 wherein the food product is a beverage comprising an extract
of the coffee cherry.

14.  The food product of claim 1 wherein the food product is nutritional supplement in liquid
or solid form and comprising an extract of the coffee cherry.

15. A tea brewed from a comminuted quick-dried coffe= cherry or portion thereof,

16.  The tea of claim 15 wherein the coffee cherry has a mycotoxin level of less than 20 ppb
for total aflatoxins, less than 10 ppb for total ochratoxins, and less than 5 ppm for total
fumonisins.

17.  The tea of claim 16 having a polyphenol concentration of at least 10 mg/oz.

18.  The tea of claim 15 wherein the coffee cherry is a sub-ripe coffee cherry.

19. A quick-dried coffee cherry or portion thereof having a mycotoxin level of less than 20
ppb for total aflatoxins, less than 10 ppb for total ochratoxins, and less than 5 ppm for
total fumonisins.

20.  The quick-dried coffee cherry of claim 19 wherein the coffee cherry is a sub-ripe coffee
cherry.

3090999994000
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ABSTRACT

A coffee cherry is harvested, preferably in a sub-ripe state, and quick-dried to provide a
basis for numerous nutritional products. Such coffee cherries and portions thereof may be
particularly characterized by their extremely low concentration of mycotoxins, including various
aflatoxins, fumonisins, ochratoxins, and/or vomitoxin (DON,.deoxynivalenol).

309/099995-4000
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LOW-MYCOTOXIN COFFEE CHERRY PRODUCTS

Field of The Invention

The field of the invention is food products, and especially food products prepared from
whole quick-dried sub-ripe coffee cherries, or fragments/portions thereof.

d of The tion

Various parts of the coffee tree have been used for nutritional purposes for a relatively
long time (see e.g., Pendergrast, M. Uncommon Grounds. Basic Books; New York, 1999). For
example, coffee tree leaves and fresh, ripe coffee cherries were boiled to make tea. In other
examples, the pulp of the coffee cherry can be fermented to produce wine as described in
Chinese Patent CN 1021949, In a still further well known examgle, the seeds (i.e., the beans) of
the coffee tree are extracted from the cherry, dried, roasted, ground, and extracted with hot water
to provide the beverage that many users enjoy as coffee.

Unfortunately, coffee cherries, and especially the pulp and husk tend to rapidly spoil in
the presence of molds, fungi, and other microorganisms, and thercfore contain almost always
significant levels of mycotoxins (see e.g., Pittet, A., Tornare, D., Huggett, A., Viani, R. Liquid
Chromatographic Determination of Ochratoxin A in Pure and Adulterated Soluble Coffee Using
anf Immunoaffinity Column Cleanup Procedure. J. Agric. Food Chem. 1996, 44, 3564-3569; or
Bucheli, P., Kanchanomai, C., Meyer L., Pittet, A. Development of Ochratoxin A during Robusta
(Coffea canephora) Coffee Cherry Drying. J. Agric. Food Chem. 2000, 48, 1358-1362). Thus,
beverages produced from the coffee pulp, husk, mucilage, and/or whole coffee cherry generally
failed to find acceptance as beverage ingredients (Although one product is advertised as "coffee
cherry tea" [hitp://www.paradiserelocation.com/paradisetogo/foodproducts.htm], the product is
actually made from coffee cherry pulp and was recently determined to have substantial quantities
of mycotoxins).

Even in situations where the pulp, mucilage, and hull is removed, mycotoxins may still
be present on and/or in the coffee bean. Consequently, considereble efforts have been undertaken
to detoxify coffee beans and other food products. For example, where the mycotoxin is already
present in the food product, selected mycotoxins can be extracted from the food product using
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various solvents and procedures as described in U.S. Pat. No. 4,436,756 to Canella et al. On the
other hand, various mycotoxins cen be adsorbed from the food product onto a mineral carrier as
described in U.S. Pat. No. 5,935,623 to Alonso-Debolt.

In still other methods, selected mycotoxins can be degraded using enzymes as described
in U.S. Pat. No. 5,716,820 to Duvick et al. The inventors in the '820 reference even contemplate
that the genes encoding for such enzymes may be cloned to produce tranggenic plants that are
then thought to be less contaminated with mycotoxins. Alternatively, microorganisms may be
employed to destroy enzymatically mycotoxins found in food praducts as described in U.S. Pat.
No. 6,025,188 to Duvick et al.

Where mycotoxins are not yet produced by a microorganism present on a plant or other
food stuff, pesticides or other compositions that control microbial growth or production of
mycotoxins in microorganisms may be employed. For example, Emerson et al. describe in U.S.
Pat. No. 5,639,794 use of a saponin as a synergist to control colonization and/or growth of plamt
and animal pathogens. Altematively, as described in U.S. Pat. No. 4,199,606 to Bland, propionic
acid on a carrier may be employed as a diffusible growth inhibitor for various microorganisms.
Further known compositions (see e.g., U.S. Pat. No. 5,698,599 to Subbiah or U.S. Pet. No.
3,798,323 to Leary) may be employed to suppress or st least reduce synthesis of mycotoxins in a

microorganism.

Alternatively, mycotoxin-containing food products may be blended with uncontaminated
food products to a concentration that is acceptable and/or below the maximum allowable amount
of mycotoxins in food products (see e.g., Herrman, T. and Trigo-Stockli, D.; Mycotoxins in Feed
Grains and Ingredients; Kansas State University, May 2002), or (at least potentially) mycotoxin-
containing coffee cherry products may be employed in a non-food product. In still other uses, the
mycotoxin content may not be considered relevant as the coffee cherry product is incinerated and
thus the mycotoxins are at least partially destroyed as described in U.S. Pat. No. 4,165,752, GB
2026839, or CA 1104410, Here, the inventor teaches that the coffee cherries may be compressed,
dehydrated, ground, and roasted to yield a smokable product.

However, while most of the known methods reduce the concentration of mycotoxins to at
least some degree, numerous disadvantages remain. Among other things, additional processing
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steps will require dedicated equipment, thereby increasing processing time and costs. Moreover,
and especially where pesticides and/or fungicides are used, new problems with residual toxic
chemicals may arise.

Thus, despite numerous beneficial properties of coffee cherries and its components, whole
coffee cherries are generally not used as food products as myco'toxins are typically present in
substantial quantities in the ripe and overripe fruit. Therefore, there is still a need to provide
improved methods and compositions for coffee cherries, and especially for products comprising
coffes cherries with low or no mycotoxin content for human and veterinary consumption.

Summary of the Invention

The present invention is directed to compositions and methods that include quick-dried
(preferably sub-ripe) coffee cherries or portions thereof, wherein the coffee cherries are
substantially devoid of, or have a very low content of mycotoxins.

In one aspect of the inventive subject matter, a food product eompn a preparation of a
coffee cherry that is quick-dried such that a mycotoxin level of the coffee cherry is less than 20
ppb for totat aflatoxins, less than 10 ppb for total ochratoxins, and less than 5 ppm for total
fumonisins. Preferred preparations in such food products include the bean, pulp, mucilage,
and/or hull of the quick-dried coffee cherry, or ground fragments of the coffee cherry, ar an
extract thereof. It is further preferred that the coffee cherry is a sib-ripe coffee cherry. Preferred
food products include a tea brewed from the quick-dried le sub-ripe) coffee cherries, or
a beverage comprising an extract of the coffee cherry. Alternatively, suitable food produ.cts also
include nutritional supplements in liquid or solid form comprising an extract of the coffee cherry.

Contemplated sub-ripe coffee cherries have a primarily green color with less than 25%
red color, more preferably a primarily red color with less than 25% green color, and even more
preferably a primarily red color with less than 5% blemished area. The (sub-ripe) coffee cherries
may be quick-dried using various methods, however, it is generally preferred that the coffee
cherries are quick dried using heated air or exposure to sun and/or ambient air,

In another aspect of the inventive subject matter, a tea is brewed from a comminuted or
ground quick-dried (preferably sub-ripe) coffee cherry or portion thereof, wherein the coffee
!
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cherry has a mycotoxin level of less than 20 ppb for total affataxins, less than 10 ppb for total
ochratoxins, and less than 5 ppm for total fumonisins, and preferably has a polyphenol
concentration of at least 10 mg/oz (most preferably at e chlorogenic acid to caffeine ratio of at
least 2.7).

Thus, viewed from another perspective, it is contemplated that a quick-dried coffee
cherry or portion thereof has a mycotoxin level of less than 20 ppb for total aflatoxins, less than
10 ppb for total ochratoxins, and less then 5 ppm for total fumonisins, preferably having a
chlorogenic acid content of at least 2% (wt/wt) and a polyphenol content of at least 3.2% (wt/wt).

Various objects, features, aspects and advantages of the present invention will become
more lppumt from the following detailed description of preferred embodiments of the
invention.

Detailed Description

The inventors have discovered that low-mycotoxin or even mycotoxin-free tea and other
food products may be produced from whole, substantially non-damaged coffee cherries that are
preferably picked at a sub-ripe stage, and wherein the coffee cherry is quick-dried after harvest.
Among other advantages, the inventors discovered that such coffee cherries significantly reduce
the likelihood of infestation of the coffee cherry with mold and fungi known to produce
mycotoxins. Still further, the inventors discovered that sub-ripe coffee cherries (in contrast to
completely unripe coffee cherries) provide a desirable level of flavor and ln aroma profile in the
coffee cherry product (e.g., coffee cherry tea) as well as relatively high levels of polyphenois,
polysaccharides, and other nutrients.

The term "food product” as used herein refers to any product that is ingested by a hurnan
and/or animal for nutritional, health-maintenance, health-improvement, and/or recreational
purpose, Particularly preferred food products include those consumed by human, wherein such
food products may be solid products (e.g., dietary supplement, snack bar, bagged tea, etc.) or
liquid products (e.g., tea or other beverage, syrup or elixir, etc.).

As also used herein, the term "coffee cherry” refers to the fruit of the coffee tree (Coffea
spec., Family Rubiaceae) in which exocarp and outer mesocarp (i.e., the pulp) surround the inner
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mesocarp (l.e. the mucilage) and endocarp (i.e., the hulf), which in turn surround the seeds (l.e.,
the beans). Thus, the term coffee cherry specifically refers to a whole coffee cherry, which may
or may not include the stem of the cherry.

The term "sub-ripe coffee cherry" refers to a coffee cherry that has not yet reached the
ripe stage, which is generally characterized by susceptibility to or presence of a fungai infection
and/or presence of mycotoxins. Thus, a sub-ripe coffee cherry is at a ripeness stage in which the
coffee cherry - when quick-dried - will exhibit mycotoxin levels that are below 20 ppb for total
aflatoxins, below 5 ppm for total fumonisins, below 5 ppm for total vomitoxins, and below 5 ppb
for ochratoxins. Consequently, quick-dried coffee cherries are typically dried within 0-48 hours
(and more preferably between 6-24 hours) of the harvest such that the residual water content is
no higher than 20% (wt/wt), and more typically no higher than 6-12% (wt/wt).

Viewed from an other perspective, sub-ripe coffee cherries generally have a complete or
almost complete (at least 95% of the cherry) red color (or in some cases yellow color), and
typically include various surface defects (e.g., blemishes, cuts, and/or holes covering an area of
more than 5% of the cherry). Thus, a sub-ripe coffee cherry will typically exhibit at least some
green color (at least 5%, more typically at least 10%) and will typically be free of any surface
defects (e.g., blemishes, cuts, and/or holes covering an area of less than 5% of the cherry). Sub-
ripe coffee cherries may also be characterized in that they will remain on the coffee tree for a
subsequent round of picking where the coffee cherries are hand picked and used for the
production of coffee beans. Alternatively, a color sorting machine with CCD equipment may be
employed to identify and select sub-ripe coffee cherries on a quantitative color basis where the
coffee cherries are mass-harvested and automatically sorted.

It should further be appreciated that while many of the following aspects and examples
employ coffee cherries in a sub-ripe state, completely ripe coffee cherries are also contemplated
suitable herein, especially where such ripe coffee cherries are substantiaily devoid of surface
damage (i.e., no more than 5% of surface ares) or microbial infection (j.e., infestation that results
in mycotoxin levels of less than 20 ppb for total aflatoxins, less than 5 ppm for total fumonisins,
less than 5 ppm for total vomitoxins, and less than 5 ppb for ochratoxins on a dry weight basis).
Thus, all contemplated food products and/or coffee cherries may comprise completely ripe as .



10

15

20

25

WO 2004/098303 PCT/US2003/011950

wel] as sub-ripe coffee cherries in varying proportions. For example, suitable proportions include
100% ripe : 0% sub-ripe, preferably 90% ripe : 10% sub-ripe, more preferably 75% ripe : 25%
sub-ripe, even more preferably 50% ripe : 50% sub-ripe, and most preferably less than 25% ripe :
more than 75% sub-ripe.

As further used herein, the term "quick-dried” coffee cherry means that the whole coffee
cherry is dried under a protocol that limits growth of molds, fungi, and/or yeast to an extent such
that the dried coffee cherry will exhibit mycotaxin levels that are below 20 ppb for total
aflstoxins, below 5 ppm for total fumonisins, below 5 ppm for total vomitoxins, and below 5 ppb
for ochratoxins. Consequently, quick-dried coffee cherries are typically dried within 0-48 hours
(and more preferably between 6-24 hours) of the harvest such that the residual water content is
no higher than 20% (wt/wt), and more typically no higher than 6-12% (wt/wt).

As still further used herein, the term "mycotoxin" refers to any toxic product formed in a
mold, fungus, alidlor yeast that exhibits significant toxicity to & human or animal when ingested.
Thus, specifically contemplated mycotoxins include aflatoxins (and particularly B1, B2, G, and
G2), funonisins (and particularly B1, B2, and B3), ochratoxin, deoxynivalenol (DON,
vomitoxin), T-2 toxin, and zearalenone. The term "total aflatoxins” therefore refers to the sum of
all aflatoxin vnria:its, the term "total furnonisins” refers to the sum of all furnonisin variants, and
the term "total ochratoxins” therefore refers to the sum of all ochratoxin variants.

In one exemplary aspect of the inventive subject matter, whole undamaged sub-ripe (e.g.,
semi ripe or almost ripe) coffee cherries are hand picked and within about one hour quick-dried
using & dry air drier at about 140°F until constant weight is obtained. The so obtained coffee
cherries typically possess significant storage stability, high resistance to infection by fungi, and
lower shipping weight than wet cherry.

It is generally contemplated that the sub-ripe coffee chetries may be derived from various
sources, and the particular use of the sub-ripe coffee cherries will at least in part determine the
particular source(s). However, it is preferred that the sub-ripe coffee cherries are derived from a
single coffee species (e.g., coffea arabica), which is cultivated under similar growth conditions
(e.g., shade-grown). Among other advantages, it is contemplated that a single source of coffee
cherries will facilitate quick-drying the sub—ripe coffee cherries. It should be recognized,

ra



@

15

‘20

25

WO 2004098303 PCT/US200301195%0

however, that once the sub-ripe coffee cherries are quick-dried, various coffee species and/or
coffee cherries from various growth conditions may be blended to achieve a mixture with
particularly preferred characteristics.

Furthermore, it should be appreciated that depending on the particular product or use for
the coffee cherry, the degree of ripeness of the coffes cherry may vary considerably. For
example, where extraction of polyphenois and/or chlorogenic acid from the whole coffee cherry
is desired, scmi-ripe (stage ! or stege 2) coffec cherries may be used. On the other hand, where
the coffee cherry is used for the production of a coffee cherry tea and flavor and aroma are
paramount, aimost ripe coffee cherries may be picked. In still further contemplated aspects,
unripe coffee cherries, or any reasonable mixtures of varying ripeness degrees may be used.
Especially where the coffee cherryis a rip'e coffee cherry, it is contemplated that the whole
cherry is preferably free of surface defects, including cracks, splits, holes, or other openings.
However, while not preferred, coffee cherries with surface defects may also be used, While not
limiting to the inventive subject matter, it is generally preferred that the sub-ripe coffee cherries
(or coffee cherry mixtures) are washed with water or other aqueous solution (e.g., diluted
hypochlorite solution) to remove soil particles and other debris before drying.

Quick-drying is preferably performed immediately after picking to up to about two days
after picking until a constant weight is obtained (or until the outer pulp of the cherry has dried).
Thus, and depending on the particular heat source available, it is generally preferred that quick-
drying is performed at a temperature of about 100° to about 180°F for a period of about 6-48
hours. For example, where electrical (or other) energy is readily available, the sub-ripe coffee
cherries may be dried in a warm air drier in a stationary or rotating drum, or in a refmactance
window drying process. Alternatively, the sub-ripe coffee cherries may also be freeze dried. On

- the other hand, and especially where energy sources are not readily available, the sub-ripe coffee

cherries may be sun dried. However, regardless of the particular dr}ing method, it should be
recognized that the sub-ripe coffee cherries are quick-dried to prevent production of mycotoxins
from fungi, molds, and/or yeast that are already present and/or colonize (e.g., via infection or
sporulation) the coffee cherry. Thus, sub-ripe coffee cherries are advantageously dried ona
surface that is clean and free of sources of mycotoxin contamination. In further alternative
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agpects of the inventive subject matter, the sub-ripe coffee cherries may also be frozen and
stored/transported until quick-drying can be implemented.

The so obtained quick-dried sub-ripe coffee cherries may then without further mycotoxin
detoxification be employed for various uses in numerous food products. For example, where the
whole quick-dried sub-ripe coffee cherry is used in a food product, the coffee cherry may be
admixed with another consumable (e.g., admixture with grain for enimal feed, or coating with
chocolate for human consumption). In ancther especially preferred example, the quick-dried sub-
ripe coffee cherry is ground and used as a food additive or as a basis for brewing coffee cherry
tea (e.g., for use as loose tea, grinding to a size of 500-3000 pm is preferred, or for bagged teas,
grinding to a size of 200-1000 um is preferred).

Alternatively, it should be recognized that only parts of the quick-dried sub-ripe coffes
cherry may be employed in a food product. For example, where the sub-ripe coffee cherry is in
an almost ripe state, it ia contemplated that the pulp, mucilage, and/or hull may be separated
from the seeds, which are then (optionally admixed with other seeds) roasted to commercizal
grade coffee beans. The remaining pulp, mucilage, and/or hull from the quick-dried sub-ripe
coffee cherry may then be employed as food additive or basis for extraction of one or more
desired components (e.g., polyphenols).

In still further contemplated uses of so obtained quick-dried sub-ripe coffee cherries, it is
contemplated that the coffee cherries (or portions thereof) may be employed as starting material
for extraction of various beneficial components. For example, the quick-dried sub-ripe coffee
cherries may be extracted with an aqueous (e.g., water, water-ethanol mixture) or non-aqueous
solvent (e.g., critical point CO3, dimethylformamide) to isolate one or more components that can
be used in a food product. For example, quick-dried sub-ripe coffee cherries may provide an
excellent source of polyphenols, chlorogenic acid, and/or caffeine.

The term "polyphenol” as used herein refers to a diverse group of compounds produced
by a plant, wherein the compounds include a phenol ring to which at least one OH group, and
more typically at least two OH groups are covalently attached. For example, representative
polyphenols include ellagic acid, tannic acid, vanillin, caffeic acid, chlorogenic acid, ferulic acid,
catechins (e.g., epicatechin galiate, epigallocatechin), flavonols (e.g., anthocyanidins, quercetin,
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" kaempferol), and various other flavonoids, and their glycosides and depsides. Furthermore,

contemplated polyphenols may also be in oligomeric or polymeric form (s.g., oligomeric
proanthocyanidins or condensed tannins).

In another preferred aspect of the inventive subject matter, the inventors contemplate use
of whole quick-dried sub-ripe coffee cherries in the production of various beverages. For
example, it was observed that teas produced from unripe (green) and semi-ripe stage 1 whole
quick-dried coffee cherries possess relatively low aroma and flavor characteristics. Thus, extracts
or at least partially condensed teas from unripe (green) and semi-ripe stage 1 whole quick-dried
coffee cherries may be added as low-flavor additive to a commercially ay_ailable_ beverage to
enhance the nutritional properties.

As ripeness increases, more aroma and flavor is evident in the quick-dried sub-ripe coffee
cherries. Consequently, tea produced from semi-ripe stage 2 and almost ripe whole coffee
cherries will possess high aroma and fruity flavor, and the inventors contemplate that semi-ripe
and almost ripe coffee cherries could be used directly after quick-drying and grinding fora
“Whole Coffee Fruit Tea”, either by itself or after placing into tea bags. As illustrated below,
such a tea would provide high levels of polyphenols, typically 60-70 mg per 6 oz cup.
Furthermore, teas prepared from whole quick-dried sub-ripe coffee cherries generally possess
relatively high ratios of chlorogenic acid to caffeine (typically about 2-4.5) as comparéd to
beverages made from roasted coffee (typically about 0.4). Theresore, it should be appreciated
that tea prepared from quick-dried sub-ripe coffee cherries is much more nutritional (based upon
polyphenols and chiorogenic acid) than roasted coffee.

Therefore, the inventors contemplete & food product that includes a preparetion of a
(preferably sub-ripe) coffee cherry that is quick-dried such that & mycotoxin level of the coffee
cherry is less than 20 ppb for total aflatoxins, less than 10 ppb for total ochratoxins, and less than
5 ppm for total ﬁl'moniains. Alternatively, eontemplﬁd mycotoxin levels may also be in the
range of 20-50 ppb, but more preferably less than 15 ppb, even more preferably less than 10 ppb,
and most preferably less than 5 ppb for total aflatoxins. Similarly contemplated mycotoxirn levels
also include a range of 10-30 ppb, but more preferably less than 5 ppb, even more proferably less
than 3 ppb, and most preferably less than 2 ppb for total ochratoxins. Likewise, conternplated
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mycotoxin levels also include a mange of 5-20 ppm, but more preferably less than 15 ppm, even
more preferably less than 10 ppm, and most preferably less than S ppm for total fumonisins
and/or vomitoxins.

As already discussed above, the preparation of the sub-ripe coffes cherry may include the
whole coffee cherry, comprise a ground fragment of the whole coffee cherry, or include the bean,
fhe pulp, the mucilage, and/or the hull of the quick-dried sub-ripe.coffee cherry. Altemnatively, it
should be recognized that the preparation may also comprise an extract from the whole quick-
dried sub-ripe coffee cherry (or fragment or portion thereof).

Contemplated food products especially include beverages prepared from contemplated
quick-dried sub-ripe coffee cherries (or fragments or portions thereof), or beverages to which
extracts or pieces from contemplated quick-dried sub-ripe coffee cherries (or fragments or
portions theroof) have been added. Similarly, further contemplated food products include baked
goods (e.g., bread, crackers, etc.), snacks (e.g., candy or energy bars), cereals, and other solid
nutrients to which extracts or pieces from contemplated quick-dried sub-ripe coffee cherries (or
fragments or portions thereof) have been added.. Alternatively, contemplated food products also
include a nutritional supplement in liquid or solid form that comprises an extract of the quick- .
dried sub-ripe coffee cherry.

Depending on the particular purpose, it should be recognized that such food products may
be prepared from quick-dried sub-ripe coffee cherries having a primarily green color with less
than 25% red color, more preferably with less than 25% green color, and most preferably from
quick-dried sub-ripe coffee cherries having.primarily (no less than 90%, most typically no leas
than 95%) red color with less than 5% blemished area. Still further contemplated compositions
and methods are disclosed in our co~pending U.S. Patent application with the title "Methods for
Coffee Cherry Products”, filed on or about April 16, 2003, which is incorporated by reference

hersin.

Examples

The following examples are provided to enable a person of ordinary skl in the art to
make and use compositions according to the inventive subject matter and to illustrate exemplary
compositions and methods generally described herein.

-10-
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Harvest Of Whole Caffee Cherries

The ripeness of the coffee cherries was determined by visually estimating the amount of
green and red color (or yellow, where applicable) of the whole cherries. As the cherries ripen, the
green cherries will typically increase in size and subsequently develop increasing amounts of red
color. For the present examples, the coffee cherries were collected at four stages of ripeness:
Completely, or almost completely green (unripe; typically less than 5% of the coffee cherry red
or yellow), primarily green with some red (semi-ripe, stage 1; typically less than 25% of the
coffee cherry red or yellow), primarily red with some green (semi-ripe, stage 2; typically less
than 25% of the coffee cherry green), and unbroken, unblemished red (almost ripe; typically less
than 10% of the coffee cherry green; area of blemishes, cuts, or otherwise broken surface less
than 5%). As much as possible, whole, unbroken and uncut cherries were collected.

Quick-Drying Of The Whole Caoffee Cherries

Whole coffee cherries for sample extraction were prepered by drying the cherries within
1-12 hours after harvest on separate trays of an air dryer according to the following procedure.
Coffee cherries (400-600 g) were weighed into beakers and washed two times with tap water,

" followed by a single wash with distilled water, The so washed ccffee cherries were placed on a

tray of an air dryer to drain, and then dried at 150-160°F for 16-18 hours to constant weight.
Drying was stopped when the weight at two consecutive one-hour intervals differed by less than
1 g. Typical yields of dried whole cherry were 160-220 g. Further analysis indicated 6-12%
residual water content in the dried cherry.

Mycotaxin Analysis

In order to determine the viability of the whole coffee charry at the unripe, semi-ripe, and
almost ripe stages (see above) for use in a nufritional product (and especially for use in tea), the
level of selected mycotoxins was measured and compared against comparative products and red,
ripe coffee cherry by-product from coffee production. As can be clearly seen in Table 1 below,
quick-dried coffee cherries of all sub-ripe harvest stages had a mycotoxin level below the
detection limit of 1 ppb (as measured for aflatoxin and ochratoxin).

-11-
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The mycotoxin concentration was determined in an independent laboratory by both
ELISA and HPLC analysis. Based on the below results, the inventors conclude that afl samples
from the different sub-ripe harvest stages are suitable for direct use in a nutritional product for
both human and veterinary consumption. In contrast, the by-product of coffec production

. {predominantly consisting of pulp, mucilage, and hl._lll from coffee cherries) from ripe cherries of

red color with blemishes (typically greater than 20% of the cherry surface) had a substantial
content in both aflatoxins and ochratoxins. Similarly, the comparative product "Paradise to Go

Tea" (made from coffee cherry pulp) exhibited mycotoxins in double-digit concentrations.

RIPENESS . COLOR AFLATOXIN OCHRATOXIN
Unripe, quick-dried Green < lppb < lppb
Semi-ripe Stage 1, quick- | Mostly green with
P’ﬁ od Ted < 1ppb < lppb
Semi-ri 2, quick- | Mostly red with
dﬁq;npes‘tnge qui y red with some < 1ppb <1ppb
Almost ripe, quick-dried E;g;“"“"'“"““ < 1ppb < 1ppb
Ripe (by-product of Red, Blemished Area
Coffee Production) >20% > 200 ppb > 300 ppb
Paradise to Go Tea (dry
tter) N/A >25 ppb > 40 ppb
Table 1

Polyphenol(PP), Chlorogenic Acid (CG), and Caffeine (CF) Analysis for Quick-dried
Sub-ripe Whole Coffee Cherries

In a further series of experiments, the levels of total polyphenols, chlorogenic acid, and
caffeine from quick-dried whole coffee cherry at various sub-ripe stages were measured and
compared against green and roasted coffee beans. Table 2 summarizes the results of this
analysis.

Interestingly, while the polyphenol (PP) level of quick-dried coffee chezries of all sub-
ripe harvest stages was somewhat less than the level of green or roasted coffee beans, significant
quantities of polyphenols in quick-dried sub-ripe coffee cherries still remain. Similarly, the
chlorogenic acid (CG) content of quick-dried whole coffee cherry at various sub-ripe stages
remained at substantial high levels as compared to roasted coffee, but was somewhat lower as
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compared to green beans. The caffeine (CF) level of quick-dried coffee cherries of all sub-ripe
harvest stages was substantjally within the caffeine level of green and roasted coffee beans (It
should be pointed out that all data given are on & dry matter basis and are not normalized to the
dry weight of the bean).

Polyphenol analysis: Dried whole coffee cherry (or green beans or roasted beans) I(l.O(ID B
were ground in a rotating steel knife coffee grinder for 30 seconds to produce a ground sample.
The ground sample was added to 100 mL distilled water and the resulting mixture heated to
boiling in an Erlenmeyer flask for 30 minutes. The heat was removed and the mixture allowed to
cool to room temperature. The resulting suspension was transferred to a 100 mL graduated
cylinder and water added to bring the volume to 100 mL. The mixture was then transferred back
to the Erlenmeyer flask, stirred briefly, and the solids allowed to settle. An aliquot (~3 mL) of
the supernatent solution was filtered through an 0.45 pm Acrodisc filter, and the resulting clear
solution was diluted 1:10 with distilled water using & volumetric flask (1.00 mL diluted with 9.00
mL distilled water).

The Folin-Ciocalteu method was used to measure the polyphenol content of the diluted
solution as follows. One mL of the diluted solution was added to a test tube, mixed with 1 mL of
0.2N Folin-Ciocalteu's Phenol reagent (Sigma solution, 2N, diluted 1:10 with water), and
allowed to stand 5 minutes at room temperature. One mL of IN NeHCO; was added and the
reaction mixture left at room temperature for 2 hours. The polyphenol level was determined
using 8 UV-visible spectrophotometer standardized against catechin, at Amax=750 nm against
distilled water as blank.

Chlorogenic acid: Determination of chlorogenic.acid was done using HPLC seperation of
the filtered clear solution prepared above using standard analytical and separation protocols well
known in the ert. Similarly, determination of caffeine was done using HPLC separation of the
filtered clear solution prepared above using standard analytical and separation protocols weil
known in the art (for exemplary protocols see e.g., Bispo M.S., ot al. in J, Chromatogr. Sci.;
2002, Jan;40(1):45-8, or Nakakuki, H. et al. in J. Chromatogr. A.;1999, Jul 2;848(1-2):523-7).

I RIPENESS COLOR %PP | %CG | %CF CGICFI
I Unripe, quick-dried Green 3.80 2.64 1.03 2.56 |

-13-

40



10

15

W 2004058303 PCT/US2003/011950
Semi-ripe stage 1, quick- | Mostly green with '
dried some red 328 2.70 1.00 2.70
Semi-ripe stage 2, quick- | Mostly red withsome [ 55, | 200 | 070 | 286.

green
Almost ripe, quick-dried l:se‘:’la Blemished Area 335 N/D ND ND
Green Coffee beans Green 4.58 3.31 0.95 3.48
Roasted Coffee beans Brown 3.93 0.50 1.20 0.42
Table 2

Polyphenol(PP), Chlorogenic Acid (CG), and Caffeine (CF) Analysis for a Tea brewed
Jrom Quick-dried Sub-ripe Whole Coffee Cherries

Quick-dried sub-ripe coffee cherry were ground in a rotating steel knife coffee grinder for
10-30 seconds to produce & ground sample. To the ground sample (1.00 g) was added 90 mL
(approx. 3 fluid 0z.) boiling distilled water and the resulting mixture allowed to stand in an
Erlenmeyer flask for 10 minutes to produce a coffee cherry tea. An aliquot (~3 mL) of the
supernatant solution was filtered through a 0.45 um Acrodisc filter, and the resulting clear
solution was diluted 1:10 with distilled water using a volumetric flask (1.00 mL diluted with 9.00
mL distilled water). The Folin-Ciocalteu method as described above was used to measure the
polyphenol content (on dry matter basis, catechin equivalents) of the so prepared coffee cherry
tea. Table 3 summarizes the results.

RIPENESS SOLVENT %PP | %CG | % CF | CG/CF
Unripe, quick-dried Water 10.93 8.61 3.04 2.83
Semi-ripe stage 1, quick-
dried Water 9.38 7.58 2,72 2,78
Semi-ripe stage 2, quick-
dried i Water 8.51 6.74 1.7 3.95
Almost ripe, quick-dried Water 6.92 1.34 029 4.61
Table 3

Brewing Of Teas From Whole Coffee Cherry Of Different Ripeness

The following procedure was used to prepare teas from whole coffee cherry of different .
ripeness for aroma and taste testing. Whole dried coffee cherry (10-20 g) was ground ina
rotating steel knife coffee grinder for 10-30 seconds to produce a ground sample. The ground
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coffee cherry (2.0 g) was placed in a ceramic cup and of nearly boiling water (6 oz, 190-200°F)
added. The slurry was stirred and allowed to stand for 3 minutes, at which time the aroma and
taste of the supernatant liquid were noted. Results are shown in Table 4.

RIPENESS COLOR AROMA | TASTE PP.I’%‘:Z'
Unripe, quick-dried Green None | Almostno 7
taste mg
Semi-ripe stage 1, quick- | Mostly green with Very Slight fruit
«dried some red mild flavor 66 mg
X fruity

Semi-ripe stage 2, quick- | Mostly red with some | Mild Mild fruit 71 m

dried fruity flavor g

Almost ripe, quick-dried Red, Blemished Area | Fruity Rich fruit 67
<5% flavor mg

Table 4

" Thus, specific embodiments and applications of low-mycotoxin coffee cherry products
have been disclosed. It should be apparent, however, to those skilled in the art that many more
modifications besides those already described are possible without departing from the inventive

concepts herein. The inventive subject matter, therefore, is not to be restricted except in the spirit
of the appended claims. Moreover, in interpreting both the specification and the claims, all tarms

should be interpreted in the broadest possible manner consistent with the context. In particuiar,
the terms "comprises” and "comprising” should be interpreted au referring to elements,
components, or steps in a non-exclusive manner, indicating that the referenced elements,

components, or steps may be present, or utilized, or combined with other elements, components,

or steps that are not expressly referenced.
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What is claimed is:

1.

10.

A food product comprising a preparation of a coffee cherry that is quick-dried such that a
mycotoxin level of the coffee cherry is less than 20 ppb for total aflatoxins, less than 10
ppb for total ochratoxins, and less than 5 ppm for total fumonisins.

The food product of claim | wherein the preparation of the coffee cherry comprises a
ground fragment of the coffee cherry.

The food product of claim 2 wherein the preparation of the coffee cherry comprises an
extract from a ground fragment of the coffee cherry.

The food product of claim 1 wherein the preparation of the coffee cherry comprises at
least one of a bean of the coffee cherry, a pulp of the coffee cherry, a mucilage of the
coffec cherry, and a hull of the cofiee cherry.

The food product of claim 1 wherein the preparation of the coffee cherry comprises an
extract from at least one of a bean of the coffee cherry, a pulp of the coffee cherry, a
mucilage of the coffee cherry, and a hull of the coffee cherry.

The food product of claim 1 wherein the coffee cherry is a sub-ripe coffee cherry and has
a primarily green color with less than 25% red color.

The food product of claim 1 wherein the coffee cherry is a sub-ripe coffee cherry and has
a primarily red color with less than 25% green color.

The food product of claim 1 wherein the coffee cherry.is a sub-ripe coffee cherry and has
a primarily red color with less than 5% blemished area.

The food product of claim 1 wherein the coffee cherry is quick-dried in a dryer using
heated air.

The food product of claim 1 wherein the coffee cherry is quick-dried in a dryer using
solar radiation.
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11.

12.

13.

14,

15.

16.

17.

18.

19.

20,

The food product of claim 1 wherein the coffee cherry is quick dried by exposing the
coffee cherry to at least one of ambient gir and sun light.

The food product of claim 1 wherein the food product is a tea brewed from the coffee
cherry.

The food product of claim 1 wherein the food product is a beverage comprising an extract
of the coffee cherry.

The food product of claim 1 wherein the food product is nutritional supplement in liquid
or solid form and comprising an extract of the coffee cherry.

A tea brewed from a-comminuted quick-dried coffee cherry or portion thereof.

The tea of claim 15 wherein the coffee cherry has a mycctoxin level of less than 20 ppb
for total aflatoxins, less then 10 ppb for total ochratoxins, and less than 5 ppm for total
fumonisins. )

The tea of claim 16 having & polyphenol concentration of at least 10 mg/oz.
The tea of claim 15 wherein the coffee cherry is a sub-ripe coffee cherry.

A quick-dried coffee cherry or portion thereof having a mycotoxin level of less than 20
ppb for total aflatoxins, less than 10 ppb for total ochratoxins, and less than 5 ppm for
total fumonisins.

The quick-dried coffee cherry of claim 19 wherein the coffee cherry is a sub-ripe coffee
cherry.
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AMENDED CLAIMS

Received by the International Burean on 08 September 2003 (08.09.03);
Original claims 1-20 replaced by smended claims 1-20 (2peges)
A food product that comprises a preparation of a coffee cherry that is quick-dried such
that 8 mycotoxin level of the coffee cherry is less than 20 ppb for total aflatoxins, less
than 10 ppb for total ochratoxins, and less than 5 ppm for total fumonisins.

The food product of claim 1 wherein the preparation of the coffee cherry comprises a
ground fragment of the coffee cherry.

The food product of claim 2 wherein the preparation of the coffes cherry comprises an
extract from a ground fragment of the coffee cherry.

The food product of claim 1 wherein the preparation of the coffee cherry comprises at
least one of a bean of the coffee cherry, a pulp of the coffee cherry, a mucilage of the
coffec cherry, and a mll of the coffee cherry.

The food product of claim 1 wherein the preperation of the coffee cherry comprises an
extract from at least one of & bean of the coffee cherry, a pulp of the coffee cherry, a
mucilage of the coffee cherry, and a hull of the coffes cherry.

The food product of claim 1 wherein the coffee cherry is a sub-ripe coffee cherry and
has a primarily green color with less than 25% red color.

The food product of claim 1 wherein the coffee cherry is & sub-ripe coffee cherry and
has a primarily red color with less than 25% green color. -

The food product of claim 1 wherein the coffee cherry is a sub-ripe coffee cherry and
has a primarily red color with less than 5% blemished area.

The food product of claim 1 wherein the coffee cherry is quick-dried in a dryer using
heated air.

The food product of claim 1 wherein the coffee cherry is quick-dried in a dryer using
solsr radiation.

The food product of claim 1 wherein the coffee cherry is quick dried by exposing the
coffee cherry to at least one of ambient air and sun light.

18
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12.

13.

14.

15.

16.

17.

18.

19.

20.

The food product of claim 1 wherein the food product is a tea brewed from the coffes

" cherry.

The food product of claim 1 wherein the food product is a beverage comprising an

"extract of the coffee cherry.

The food product of claim 1 wherein the food product is nutritional supplement in

'liquid or solid form and comprising an extract of the coffee cherry.

A tea that is brewed from a comminuted quick-dried coffee cherry or portion thereof.

The tea of claim 15 wherein the coffee cherry has a mycotoxin level of less than 20
ppb for total aflatoxing, less than 10 ppb for total ochratoxins, and less than 5 ppm for

The tea of claim 16 having a polyphenol concentration of at least 10 mg/oz.
The tea of claim 15 wherein the coffee cherry is a sub-ripe coffee cherry.

Aquick-dﬁedcoﬂ'eechmyorporﬁonthareofthﬂhuamwoto;dnleveloflthm
20 ppb for total afiatoxins, less than 10 ppb for total ochratoxins, and less than 5 ppm
for total fumonisins.

The quick-dried coffee cherry of claim 19 wherein the coffee cherry is a sub-ripe
coffee cherry. ]
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under Article 34 are received by the International Preliminary Examining Authurity before it has begun to draw up a written opinion
or the international preliminary examination report, as so amended.

[E which is the language in which the imernational application was filed.

D which is the language of a translation fAunished for the purposes of intemnational scarch.

[] which is the langusge of publication of the intemational spplication.

D which is the language of the translation (w0 be) furnished for the purposes of international preliminary examination,

Box No. V ELECTION OF STATES

The filing of this demand constitutes the election of all Contracting States which are designated and are bound by Chapter [I of the
PCT.

Form PCT/IPEA/401 (second sheet) (January 2004) See Notes to the demand form
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SheatNo. 4 Intemnational spplication No.
T PCT/US03/11950
Box No. VI CHECK LIST
The demand is sccompenied by the following elements, in the language referred to in For international Preliminary
Box No. IV, for the purposes of imtemational preliminary examination: Examining Authority use only
recelved nat received
L. translation of international application sheets | O
2. amendments under Article 34 gheets O O
3. copy{or, where required, translation) of
amendments under Article 19 2 sheets O |
4, copy (or, where required, translation) of
statement under Article 19 3 shects O EJ
5. letter sheuts | |
6. other spectfy) shects O ]

The demand js ulso accompanied by the item(s) marked below:
1.[X] feccalculation sheez
2] original separate power of sttormey
3.[[] original gencral power of attomey

4.[] oopyofgencral pawer of attamcy;
reference number, ifany:

5.[] matement expluining lack of signature

s D sequence listings in computer readable form

7.[] tables in computer readable form related 10
scquence listings

&[] other (pecifiy:

Box Na. VII SIGNATURE OF AFPLICANT, AGENT OR COMMON REPRESENTATIVE
Naxt fo ecxch signatury, indiceta the nowe of the person signing and the copocily in which the perzon sigru (if seck

is not obvicus from reading the drmand).

A<

<Martin Fessenmaier, Agent

1. Date of actual receipt of DEMAND:

For International Preliminary Examining Authority use only

2. Adjusted date of receipt of demand due
to CORRECTIONS under Rule 60.1(b):

3.l:| The date of receipt of the demand is AFTER the
expiration of 19 months from the priority date and
itemn 4 or §, below, does not apply.

[] e applicant hes beea informed accordingly.

The date of receipt of the demand is WETHIN the time
limit of 19 months from the priority daie as extended
by virtue of Rule 80.5.

Although the date of receipt of the demand is after the
expiration of 19 months from the pricrity date, the
delay in wrival is EXCUSED pursuant to Rule 82.

a[]
s0)

The date of receipt of the demand is AFTER the
expiration of the time limit under Rule 34iy.1(a) and
item 7 or 8, below, does not apply.

The date of receipt of the demand is WITHIN the time
limit under Rule 54bis.1(a) as extended by virtue of
Rule 80.5.

Although the date of receipt of the demand is afier the
exgiration of the time limit under Rule 54ir.1(a), the
delzy in arrival is EXCUSED pursuant to Rulc 82.

«[]
Al
+[]

Demand received from IPEA on:

For International Burcau use only




PCT

CHAPTER I

FEE CALCULATION SHEET

Annex to the Demand

International
spplication No. PCT/US03/11950

Agpplicant's or agent's
file reference 100700.0024P

For Interrational Preliminary Examining Authority use only —‘

Date stamp cf'the IPEA

Applicant
VDF FUTURECEUTICALS, et al.

CALCULATION OF PRESCRIBED FEES

1. Preliminary examination fee |

600.00f P

..........................

2. Handling fee (Applicants cerigin Stales are
entitied lo a reduction of 75% of lh¢ th
Where the gpplicon is {nr all
gm-d tha amouni ta be alla'd H Is 25% qﬂin

ndlingfee) ........ccocoeiiiieiiiiiiiiiiiii

162.00] B

3. Totsl of prescribed fecs
Add the amounts entered at P and H
and enter total in the TOTAL box ...................

USD

762.00

TOTAL

MODE OF PAYMENT

acoount with the [PEA (see below)

E authorization to charge deposit |:| cash

|:| cheque revenue slamps
D postal money order D coupans
[] benkans L1 oer tapects:

{This mode of payment may not be avaliable at all IPEAy)

Authorization to charge the total fees indicated above.

I:] {Thischeck-box may be marked only {f the conditions for
depasit accounts of the IPEA so permitf) Authorization
to charge any deficiency or credit any overpayment in
the tetal fees indicated abave.

AUTHORIZATION TO CHARGE (OR CREDIT) DEPOSIT ACCOUNT

IPEA/ uUs

Depasit Account No.: 502191
Date: 12 November 2004

e
Signuu/r; !

Form PCT/IPEA/401 (Annex) (January 2004)

See Notas 10 the fee calculation sheet
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International application No.

2
SheetNo. .- PCT/US03/11950

Continuation of Box Ne. 11 APPLICANTY(S)
{f mone of the foliowing sub-boxus iy ured, this siwat should not be included in the demand.

%ﬁg

ame and address: (Family neme followed by given name; for a legad entity, fulf afficiol designation. The addrexs must inchuds pasme] code and nams of country,)
MILJKOVIC, Vukosava

4655 Ramsay Avenue

San Diego, CA 92122

us

State (that is, courury) of nationality: State (that is, country) of residence:
Serbia us

Name and address: (Family nams foliowad by given nawe; for a iegal entity. full afficial designotior. The addvexs must inclnds pastal cods and nawe of cowniry)

State (that [s, country) of nationality: State (vAat is, country) of residence:

Name and address: (Fomily sane folicwad by given name; for  lagal antity, full afficsal dasgnatiar, The asldraxs mast incixde posol cods and aame of conniry)

Stetc (that is, cauntryj of nationality: State (that is, country) of residence:

Name and udidress: (Family reme foliewsd by given name; for ¢ legal entity, fuil official desgnation. The address muxi include posiol cede and name of country.}

State (that Is, country) of nationality: Stwte (that is, country) of residence:

D Further applicants are Indicated on another continuation sheet.

Form PCT/IPEA/401 (continuation sheet) (January 2004) See Notes to the demand form
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Practitioner's Docket No. 100700.0024PCT

IN THE INTERNATIONAL BUREAU (WIPO)

International Application Number | Intemnational Filing Date | International Earliest Priority Date

PCT/US03/11950 16 Apri] 2003 -/~
Title of Invention: LOW-MYCOTOXIN COFFEE CHERRY PRODUCTS
Applicant: VDF Futurecenticals
International Bureau of WIPO
34, chemin des Colombettes
1211 Geneva 20
Switzerland

LETTER FOR PCT ARTICLE 19
(PCT SECTION 205)

1. Applicant herewith submits replacement sheets numbered 7-8 to replace sheets
numbered 7-8 originally filed for this application.

2. In respect of each claim appearing in the international application based on the
replacement sheets submitted herewith, and in accordance with PCT Section 205, the
following claim(s) is/are:

() unchanged: claim(s) 2—-14, 16-18, and 20

(ii) cancelled:  claim(s)-/-

(iii) new: claim(s) -/-

(iv) replacement of one or more claims as filed, as follows: 1, 15, and 19
(v)  the result of the division of one or more claims as filed, as follows: -/-

Dear Sir:

The Search Report dated 11 July, 2003 designated on= reference as being relevant to
patentability. In response, claims 1, 15, and 19 have been revised. The revised claims and

reference are addressed below seriatim.

5090999994000
775277 01 NI -1-
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Revised Claims

1. (Amended) A food product that comprises [comprising] a preparation of a coffee
cherry that is quick-dried such that & mycotoxin level of the coffee cherry is less than
20 ppb for total aflatoxins, less than 10 ppb for total ochratoxins, and less than 5 ppm

for total fumonisins.

15. (Amended) A tea that is brewed from a comminuted quick-dried coffee cherry or
portion thereof.

19. (Amended) A quick-dried coffee cherry or portion thereof that hag [having) a
mycotoxin level of less than 20 ppb for total aflatoxins, less than 10 ppb for total
ochratoxins, and less than § ppm for total fumonisins.

Fablan (U.S, Patent 6,376,001)

The Office considers claims 1-20 to be obvious over Fabian. The applicant disagrees,

especially in view of the amendments herein.

Amended claim 1, and claims 2-14 by virtue of their dependence on amended claim 1
expressly require ", ,.a preparation of a coffee cherry that is quick-dried such that [the]
mycotoxin level of the coffee cherry is less than..." Fabian fails to teach these elements.
There is also no suggestion or motivation in the '001 patent tc modify Fabian's process such
as to arrive at the subject matter as presently claimed. On the contrary, Fabian clearly teaches

against the currently pending claims.

Fabian employs green coffee beans, and not a coffee cherry as expressly required
by each of claims 1-14. A coffee bean is inconsistent with a coffee cherry, and particularly in
view of the process taught by Fabian. Furthermore, Fabian teaches a protocol in which
water is added to the beans prior to soivent extraction to remove the mycotoxin, and not
quick-drylng of whole cherry preparations as presently claimed. Clearly, Fabian teaches
away, and in some respect even against the subject matter of claims 1-15.

Amended claim 15, and claims 16-18 by virtue of their dependence on amended
claim 15 expressly require "...a tea..." that is brewed from "...a comminuted quick-dried
coffee cherry ..." Once more, Fabian fails to teach these elements. There is also no
suggestion or motivation in the Fabian reference to modify Fabian's process to a tea product

as presently claimed. Again, Fabian clearly teaches against the currently pending claims.

TP Al aandmma 2
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First, Fablan employs green coflee beans, but not a coffee cherry, let alone a
comminuted coffee cherry as expressly recited in amended claim 15 and dependent claims
16-18. Use of green coffec beans is at least inconsistent with a coffee cherry, but clearly
teaches against use of comminuted coffec cherries as expresely required in claims 15-18.
"Furthermore, a tea is simply not a coffee brew, and there is nothing in the '001 reference that
would indicate any other use for the green coffee beans than that commeonly known in the art

(i.e., roasting, grinding, and hot-extraction with water).

Amended claim 19, and clalm 20 by virtue of its dependence on amended claim 19
expressly require "...a quick-dried coffee cherry or portion thereof that has a mycotoxin level
of less than [specified values]..." Again, Fabian fails to teack these elements, and there is no
suggestion or motivation in the '001 patent to modify Fabian's process to arrive at the subject

matter as presently claimed.

Once more, Fabian employs green coffee beans, but not a coffee cherry, let alone a
quick-dried coffee cherry as expressly recited in amended claim 19 and dependent claim 20.
Furthermore, the addition of water to green coffee beans clearly teaches against quick-drying
a coffee cherries as expressly required in claims 19-20.

Therefore, and at least for these reasons, Fabian not only fails to teach each of the
elements recited in each of claims 1-20, but also fails to provide any suggestion or motivation
to modify the teachings such as top arrive at the presently pending claims. Consequently,

claims 1-20 are not obvious over Fabian.

Respectfully submitted,

ﬁﬁummalen Ph.D.

Attorneys for Applicant(s)
Rutan & Tucker, LLP

Post Office Box 1950

Costa Mesa, CA 92628-1950
Tel: (714) 641-5100

Fax: (714) 546-9035

500/099999-4000 3
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CLAIMS

What is claimed is:

L.

10.

11,

A food product that comprises a preparation of a coffee cherry that is quick-dried such
that a mycotoxin level of the coffee cherry is less than 20 ppb for total aflatoxins, less
than 10 ppb for total ochratoxins, and less than 5 ppm for total fumonisins.

The food product of claim 1 wherein the preparation of the coffee cherry comprises a
ground fragment of the coffee cherry.

The food product of claim 2 wherein the preparation of the coffee cherry comprises an
extract from a ground fragment of the coffee cherry.

The food product of claim 1 wherein the preparation of the coffee cherry comprises at
least one of a bean of the coffee cherry, a pulp of the coffee cherry, a mucilage of the
coffee cherry, and a hull of the coffee cherry.

The food product of claim 1 wherein the preparation of the coffee cherry comprises an
extract from at least one of a bean of the coffee cherry, a pulp of the coffee cherry, a
mucilage of the coffee cherry, and a hull of the coffee cherry.

The food product of claim 1 wherein the coffee cherry is a sub-ripe coffee cherry and
has a primarily green color with less than 25% red color.

The food product of claim 1 wherein the coffee cherry is a sub-ripe coffee cherry and

has a primarily red color with less than 25% green color.

The food product of claim 1 wherein the coffee cherry is a sub-ripe coffee cherry and

has a primarily red color with less than 5% blemished area.

The food product of claim 1 wherein the coffee cherry is quick-dried in a dryer using
heated air.

The food product of claim 1 wherein the coffee cherry is quick-dried in a dryer using

solar radiation.

The food product of claim 1 wherein the coffee cherry is quick dried by exposing the
coffee cherry to at least one of ambient air and sun light.

173111.01 «D9K2003 16



12.  The food product of claim 1 wherein the food product is a tca brewed from the coffee
cherry.

13.  The food product of claim 1 wherein the food product is a beverage comprising an
extract of the coffee cherry.

14,  The food product of claim 1 wherein the food product is nutritional supplement in
liquid or solid form and comprising an extract of the coffee cherry.

15. A teathat is brewed from a comminuted quick-dried coffee cherry or portion thereof.

16.  The tea of claim 15 wherein the coffee cherry has a mycotoxin level of less than 20
ppb for total aflatoxins, less than 10 ppb for total ochratoxins, and less than 5 ppm for
total fumonisins.

17.  The tea of claim 16 having a polyphenol concentration of at least 10 mg/oz.

18.  The tea of claim 15 wherein the coffee cherryisa sub-r:ipe coffee cherry.

19. A quick-dried coffee cherry or portion thereof that has a mycotoxin level of less than
20 ppb for total aflatoxins, less than 10 ppb for total ochratoxins, and less than 5 ppm
for total fumonisins.

20.  The quick-dried coffee cherry of claim 19 wherein the coffee cherry is a sub-ripe
coffee cherry.

5030999954000 17
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Pleasc acknowledge receipt of the following by affixing hereon the Official date stamp
and returning this card to our office.

Title: Low-Mycotoxin Cotfee Cherry Products

Inventor: VDF - Dusan Miljkovic, et al.

Filing Date: 4/16/03

Serisl Number: PCT/US03/11950

Matter Type: Patent - PCT

Date of Deposit: 12 November 2004

Matter #: 100700.0024PCT

Enclosures: (A) Certificate of Express Mail; (B) Chapter II Demand; (C)
Copy of Article 19 Amendments (5 pages); (D) Retum
Receipt Postcard

EV389271813US



PATENT COOPERATION TREATY

From the
INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY

To:

MARTIN FESSENMAIER

RUTAN & TUCKER

611 ANTON BOULEVARD, 14TH FLOOR

7

PCT

NOTIFICATION OF TRANSMITTAL OF

COSTA MESA, CA 92626-1931 INTERNATIONAL PRELIMINARY
REPORT ON PATAENTABILITY
(Chagier 1l of the Patent Cooperation Treaty)
(PCT Rule 71.1)
Date of mailing
(daymansiear) D § MAR 2005
Applicant’s or agent’s file reference
IMPORTANT NOTIFICATION
100700.0024P
International application No. Imeroational filing date (day/month/year] | Priority date (day/month/year)
PCT/US03/11950 16 April 2003 {16.04.2003)
Applicam
VDF FUTURECEUTICALS

spplication.

all the elected Offices,

4. REMINDER

Applicant’s Guide.

support for the claime.

1. ‘The applicant is hereby notified that this Internations] Preliminary Examining Authority transmits herewith the
international preliminary report on patentability and its apnexes, if any, established on the international

2. A copy of the report and ity armexes, if any, is being transmitted to the Internationaj Buresu for communication to

3. Where required by any of the elected Offices, the Imernational Bureau will prepare an English tranalation of the
report (but not of any annexes) and will transmit such translation to those Offices.

The applicant mmst enter the national phase before each elected Office by performing certain acts (filing
transiations and paying cational fees) within 30 months from the priority date {or later in some Offices)Article
39(1))(sce also the reminder sent by the International Bureau with Form PCT/IB/301).

Where a tranalation of the intemational application must be furnished 10 an elected Office, that tranalation must
contain a tranalation of any annexes to the international preliminary report on patentability. It is the applicant’s
responaibility o prepare and furnish such transiation directly to each elected Office concerned.

For further details on the applicable time limits and requirements of the elected Offices, see Volume 11 of the PCT

The applicant’s attention 1s drawn to Article 33(5), which provides that the criteria of novelty, mvennvellqnlﬂ
industrial applicability described in Anticle 33(2) to (4) merely serve the purposes of international
examiration and that *any Contracting State may apply additional or different criteria for the purposes of deciding
whether, in that State, the claimed invention is patentable or not™ (see also Article 27(5)). Such additional criteria
may relate, for example, to exenmptions from patentability, requirements for enabling disclosure, clarity and

Name and mailing address of the IPEA/ US

Mail Swp PCT, Anx: IPEA/US
Commissioner for Prietss
P.O. Bax 1450
Alexandrin, Virginia 22313-1450

Facalmile No. 305-1230

e Sf LU

Porm PCT/IPEA/416 (Jamuary 2004)




5%

PATENT COOPERATION TREATY

PCT

INTERNATIONAL PRELIMINARY REPORT ON PATENTABILITY
(Chapter Il of the Patent Cooperation Treaty)

(PCT Article 36 and Rule 70)
Applicant’s or ageat’s fle refere FOR FURTHER ACTION See Form PCT/IPEA/416
100700,0024P
Imermtiom] spplication No. Tcrmations] Tiling date (day/manthlyea:) Priority daic (day/movaiyear)
PCTIUSO3/11950 16 April 2003 (16.04.2003)

International Patent Classification (IPC) or pational classification and IPC
IPC(7): A23F 5/02, 5/16 and US Cl.: 426/595, 596, 433
Applicam
| VDF FUTURECEUTICALS
1. ‘This report is the international preliminary examination report, established by this International Preliminary
Examining Authority under Article 35 atul transmitied to the applicant according to Article 36.
‘This REPORT consists of a total of =) sheets, including this cover sheet.
This is also accompanied by ANNEXES, comprising:
a ﬁnmlolhmmmlolhelmewmw:mof_ , 83 follows:

Dlhuuofthedmipﬁon.clﬁmmdlwdnwinpwhinhhvehamumdedudmhm
of this report and/or sheets comaining rectifications authorized by this Anthority (see Rule
70.16 and Section 607 of the Administrative Instructions).

[[] shects which supersede carlicr sheets, but which this Authority cansiders contain an
amendment that goes beyond the disclosure in the international application as filed, as
indicated in itemn 4 of Box No. I and the Supplemenial Box.

b. [] (sent to the International Bureau only)  total of (indicate type and mumber of electronic
carrier(s))

, conlaining a sequence listing and/or tables related thereto, in compater readable form only,
as indicated in the Supplemental Box Relating to Sequence Listing (see Section 802 of the

Administrative Instructions).
4, This report contains indications relating to the following iterns
Box No. I Basis of the report
Box No. I Priority
Box No. Il Non-eatablishment of opinion with regard to novelty, inventive step and industrial
Box No. IV Lack of unity of invention
Box No. V Reasoned statement under Article 35(2) with regard to novelty, inventive step or

industrial applicability; citations and expianations supporting such statement
Box No. V1 Certain documents cited
Box No. VII  Certain defeets in the international application

Box No. VIl Certain observations on the international application

000 XO OOX

"Daic of submission of the demand Date of completion of this repart
12 November 2004 (12.11.2004) 15 March 2305 (15.03.2005) _
Name and malling address of the IPEA/ US Athortsed officer

Mail Swp PCT, Aun: IPRA/US

Commissioner for Petents

P.0. Box 145 131450 Anthomy ‘'Weler

Form PCT/IPEAJ409 (cover sheet){Jamury 2004)
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International application No.
INTERNATIONAL PRELIMINARY REPORT ON PATENTABILITY
PCT/US03/11950

Box No. I  Basis of the report

1. With regard to the language, this report is based on the internationsl application in the language in which it was
filed, unless otherwise indicated under this item, .
[] This report is based o translations from the original language into the following language .
which iz the language of a translation furnizhed for the purposes of:
[[] international search (under Rules 12.3 aad 23.1(b))
D publication of the international application (under Rule 12.4;
[ ] internstional preliminary examination (under Rules 55.2 and/or 55.3)
2. With regand 1o the clenents of the international application, this report is based on {replocemenr sheets which have been

Jurnished 10 the receiving Office in response 1o an invitation under Article 14 are referred to in this report as “originally flled”
and are not annexed to this report):

[] the internationa! application as originally filed/furnished

E the description:
pages 1-13 as originally filed/furnished
pages* NONE received by this Authority on
pages® NONE received by this Authority on
4 the claims:
pages NONE as originally filed/furnished
pages® 16 and 17 as amended (tagether with any statement) under Article 19
pages® NONE received by this Authority on
pages® NONE received by this Authority on
(] the drawings:
pages NONE as ariginally filed/furnished
pages* NONE received by this Authority on
pages* NONE received by this Authority on

[:I a sequence listing and/or any related table(s) - see Supplemental Box Relating to Sequence Listing.
i I:I The amendments have resulted in the cancellation of:
the description, pages
the claims, Nos._
the drawings, sheeta/figs
the sequence listing (xpeclfy):
any table(s) related to the sequence listing (speclfy):

4. [ ] "This report has been essablished as if (some of) the amendments anneaed o this report and listed below had not been made,
since they have been comsidered to go beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).

N

the description, pages
the claims, Nos
the drawings, shecta/figs
the sequence listing {specify):
any table(s) related to the sequence listing (specify):

| * [f item 4 applies, some or all of those sheets may be marked “superseded,

Q0000

Form PCT/IPEA/409 (Box No. I) (Jammary 2004)



INTERNATIONAL PRELIMINARY REPORT ON PATENTABILITY

w0

Interoational application No.
2CT/US03/11950

Box No. V Reasoned statemnent under Article 35(2) with regard to novelty, Inventive step or industrial
applicability; citations and explanations supporting such statement

1. Staternent

Novelty (N)

Inventive Step (IS)

Industrial Applicability (IA)

Claims 1-20

NO

Claims NONE

Claims 1-20

YES

Claims NONE

NO

Claims 1-20

YES

Claims NONE

NO

2. Citations and Explanstions (Rule 70.7)

or portion thereof.
subject matter claimed can be made or used in industry.

NEW CITATIONS

Claims 1-20 meet the criteria set out in PCT Anticle 33(2)+(3), because the prior art does not tesch or feirly suggest a food product
comprising coffee cherry with the amount of total aflatoxing, total ochratoxing and toul fumonising called for in the instant claiow and
a tea in view of the meaning derived from the specification wherein sume is prepansd from a cdmminuted quick-dried coffee cherry

Claims 1-20 meet the criteria set out in PCT Article 33(4), and thus the food product and tea lmve industrial applicability because the

Form PCI/IPEA/409 (Box No. V) (January 2004)
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INTERNATIONAL PRELIMINARY REPORT ON PATENTABILITY
PCT/US03/11950

Sopplemental Bax Relating to Sequence Listing

Continuation of Box Na. [, item 2:

1. With regard to any muclentide and/or amino acid sequence disclosed in the inernational application and necessary o the
claimed invention, this opinion was cstablished on the basis of:

a. type of material
D a sequence listing
[} blets) retated t the sequence listing
b. format of maerial
[]  in wrinen forma
[] incomputer readable form
c. time of filing/fumnishing
[[] comined in the imermational apphication s filed
[[] filed wgether with the intermational application in computer readable form
[[] furnished ubsequently o this Autharity for the purposes of search and/or examination
[]  received by this Authortty as an amendment* on

2. D In addition, in the case that more than one version or copy of a sequence listing and/or table(s) relating thereto has been
filed or furnished, the required stateynents that the information in the subsequent or additional copies is identical to that in
the application as filed or does oot go beyond the application ax filed, us appropriate, were furnished.

3. Additional comments:

*  if ttem 4 in Box No. I applies, the ligting and/or table(s) related thereto, which form part of the bazis of the report, may be marked)
“superteded ~

Form PCI/IPEA/409 (Supplemental Box Relating 10 Sequence Listing) Qanuary 2004)




[mernatiomal application No.
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Supplemental Box

In case the gpace o any of the preceding baxes Is not safficient.

Continuarion of:

Form PCT/IPEA/409 (Supplcmemal Box) (January 2004)
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CLAIMS IPEA/US

What is claimed is:

10.

11.

A food product that comprises a preparation of a coifee cherry that is quick-dried such
that a mycotoxin level of the coffee cherry is less than 20 ppb for total aflatoxins, less
than 10 ppb for total ochratoxins, and less than § ppm for total fumonisins.

The food product of claim 1 wherein the preparation of the coffee cherry comprises a
ground fragment of the coffee cherry.

The food product of claim 2 wherein the preparation of the coffee cherry comprises an
extract from a ground fregment of the coffee cherry.

The food product of claim 1 wherein the preparation of the coffee cherry comprises at
least one of a bean of the coffee cherry, a pulp of the coffee cherry, a mucilage of the
coffee cherry, and a hull of the coffee cherry.

The food product of claim 1 wherein the preparation of the coffee cherry comprises an
extract from at least one of a bean of the coffee cherry, a pulp of the coffee cherry, a
mucilage of the coffee cherry, and a hull of the coffee cherry.

The food product of claim I wherein the coffee cherry is a sub-ripe coffee cherry and
has a primarily green color with less than 25% red color.

The food product of claim 1 wherein the coffee cherry is a sub-ripe coffee cherry and
has a primarily red color with less than 25% green color.

The food product of claim 1 wherein the coffee cherry is a sub-ripe coffee cherry and
has a primarily red color with iess than 5% blemished arca.

The food product of claim 1 wherein the coffee cherry is quick-dried in a dryer using
heated air.

The food product of claim 1 wherein the coffee cherry is quick-dried in a dryer using
solar radistion.

The food product of claim 1 wherein the coffee cherry is quick dried by exposing the
coffee cherry to at least one of ambient air and sun light.

3701 asaans ' AMENDED SHEET
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12.  The food product of claim 1 wherein the food product is a tea brewed from the coffee
cherry.

13.  The food product of claim 1 wherein the food product is a beverage comprising an
extract of the coffee cherry.

14.  The food product of cleim 1 wherein the food product is nutritional supplement in
liquid or solid form and comprising an extract of the coffee cherry.

15. A tea that is brewed from a comminuted quick-dried coffee cherry or portion thereof.

16.  The tea of claim 15 wherein the coffee cherry has a mycotoxin level of less than 20
ppb for total aflatoxins, less than 10 ppb for total ochratoxins, and less than 5 ppm for
total fumonisins.

17.  The tea of claim-16 having a polyphenol concentration of at least 10 mg/oz.

18.  The tea of claim 15 wherein the coffee cherry is a sub-ripe coffee cherry.

19. A quick-dried coffee cherry or portion thereof that has a mycotoxin level of less than
20 ppb for total aflatoxins, less than 10 ppb for total ochratoxins, and less than 5 ppm
for total fumonisins.

20.  The quick-dried coffee cherry of claim 19 wherein the coffee cherry is a sub-ripe
coffee cherry.
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Attorney Docket No. 100700.0024PCT

ASSIGNMENT

WHEREAS, the undersigned, Dusan Miljkovic, Brad L. Duell, and Vukosava
Miljkovic, all individuals employed by VDF Futureceuticals, 300 W. 6th Street, Momence,
Illinois, 60954-0009 (individually and collectively referred to hereinafter as "ASSIGNORS") has
invented a certain invention entitled “Low-Mycotoxin Coffee Cherry Products”, for which a
PCT application for Letters of Patent of the United States of America was filed on April 16,
2003, serial number PCT/US03/11950; which together with related experimental data, trade
secret, and other know-how is referred to hereinafter as the INVENTION;

WHEREAS, VDF Futurecueticals a company having its principal place of business at
300 W. 6th Street, Momence, Illinois, 60954-0009 (referred to hereinafter as "ASSIGNEE"), is
desirous of acquiring all entire right, title and interest in, to and under said INVENTION, and in,
to and under Letters Patent or similar legal protection to be, or having been, obtained therefor in
the United States of America, its territorial possessions and in any and all countries foreign
thereto;

NOW, THEREFORE, for good and valuable consideration, the receipt of which is
hereby acknowledged, ASSIGNORS hereby sell, assign, transfer and set over unto the
ASSIGNEE, its successors and assigns the entire title, right and interest in and to the
INVENTION, and to all Letters Patent or similar legal protection arising therefrom, not only in
the United States and its territorial possessions, but in all countries foreign thereto to be obtained
for said INVENTION by said application or any continuation, continuation-in-part, divisional,
renewal, substitute, reissue or reexamination thereof or any legal equivalent thereof in a foreign
country for the full term or terms for which the same may be granted, including all priority rights
under any International Convention.

ASSIGNORS hereby covenant that no assignment, sale, agreement or encumbrance has
been or will be made or entered into which would conflict with this assignment;

ASSIGNORS further covenant that ASSIGNEE will, upon its request, be provided
promptly with all pertinent facts and documents relating to said INVENTION, including the
patent application listed above, and any Letters Patent and legal equivalents in foreign countries
issuing therefrom as may be known and accessible to ASSIGNORS, and will testify as to the
same in any interference or litigation related thereto and will promptly execute and deliver to
ASSIGNEE or its legal representatives any and all papers, instruments or affidavits required to
apply for, obtain, maintain, issue and enforce said invention and said Letters Patent and said
equivalents thereof in any foreign country which may be necessary or desirable to carry out the
purposes thereof.

Expected Performance. Each party herein agrees to perform all acts and execute and
deliver all documents as may be necessary or appropriate to carry out the intent and purposes of
This Agreement.

Entire Agreement. This Agreement embodies the entire understanding of The Parties and
supersedes and replaces any and all pre-existing agreements or understandings between Assignee
and Assignor. No amendment or modification of this Agreement shall be valid or binding upon
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Expected Performance. Each party herein agrees to perform all acts and execute and
deliver all documents as may be necessary or appropriate to carry out the intent and purposes of
This Agreement.

Entire Agreement. This Agreement embodies the entire understanding of The Parties and
supersedes and replaces any and all pre-existing agreements or understandings between Assignee
and Assignor. No amendment or modification of this Agreement shall be valid or binding upon
Assignee and Assignor unless made in writing and signed on behalf of each of The Parties by
their respective duly authorized representative.

This Agreement may be executed in any number of counterparts, each of which shall be
deemedmoﬁgindhnnﬂofwhichtqgethershnﬂwnsﬁmteoneandﬁlemeimmm

WITNESS my hand at _[MO™M2 nee L , this 29 day of 1P24L-2003,
City State Month
Puwas L\— ‘£\~ Vi
Dusan Miljkovic

WITNESS myhmdltm_‘_ﬁ‘m __, this 24 day of 2003,

State

zﬂ&w&%%

nmu..nun/

wnNESSmyhmdu_Slevd‘—D CA .this_l_dayof_ﬁﬂoﬁzom,

City State
\(Mms«« M Q/wuahr
Vukosava Miljkovic
2083/100700-0024PCT
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PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY

#]

To:
ROBERT FISH PCT
RUTAN & TUCKER LLP
611 ANTON BLVD., SUITE 1400 NOTIFICATION OF TRANSMITTAL OF
COSTA MESA, CA 92626 THE INTERNATIONAL SEARCH REPORT
OR THE DECLARATION
(PCT Rule 44.1)

Date of Mailing

@aymoniyear) 11 JUL 2003
Applicant’s or agent's file reference
100700.24PCT FOR FURTHER ACTION  See paragraphs 1 and 4 below
Tniernational application No. Imernationa) filing date
PCT/US03/11950 (day/monsh/yecr)

16 April 2003 (16.04.2003)

Applicam
VDF FUTURECEUTICALS

2.

3

4.

DG The applicant is hereby otified thar the internationa] search report has been esmblished and is Tansminted herewith.
Filing of amendmenis snd staterneni under Article 19:
The applicant is entitled. if he so wishes, 10 amend the claims of the international spplication (see Rule 46):
When? Ihﬂmlimnbrﬁlinln:hmnﬂmhmmuymnmﬂuﬁmﬂndmdufmimlofh
imsernarional search report.

Where? Directly to the Interoational Buresn of WIPO, 3, chemin des Colombeties
1211 Geneva 20, Switseriand, Facaimile No.: (41-22) 740.14.35

For more detalled instroctions, see the notes on the accompanying sheet.

[T The applicam is hereby norified thar no inzermarional search report witl be esablished and that the declaration under
Anrticle 17(2)(2) to that effect is tranpsmitted herewith.

D With regard to the protest agains payment of {(an) additional fee(s) under Rule 40.2, the applicant is notified dhay:

D the protest together with the decision thereon hag been ransmitted o the Internarional Buresy together with the
applicant’s request to forward the texts of both the protest and the decision thereon 1 the designated Offices.
D no decision has been made yet on the protem; the applicamt will be notified a4 soon as a decision is made.

Reminders

Shortly sfter 18 months from the priority dme, the international application will “se published by the Imemational Burexu. If the
applicant wishes 10 avoid or postpone publication, a notice of withdrawsl of the international applicarion, or of the priority claim,
must resch the Imemational Bureau as provided in Rules 90 bis.1 and 90 bis.3, respeciively, before the complecion of the technical
preparations for international publication.

Within 19 months from the priority date, but only in respect of some desigrated Offices, & demand for incernarional preliminary
cxaminarion must be filed if the applicam wishes to postpone the entry into the nitional phase umtll M months from the priority
date (in some Offices even later); otherwise the applicant must, within 20 moaths from the priority date, perform the prescribed
acts for emry ino the national phase before those designated Offices.

1n reapect of other designated Offices. the time Jimit of 30 months (or lates) will apgly even if no demand is flled within 1S month.

See the Annex 10 Form PCT/IB/301 and. for details about the applicable time limits, Office by Office, sec the PCT Applicam s
Guide, Volume 11, National Chapters and the WIPQ Interner site.

—— L
Name and mailing address of the ISA/US Authorizid officer
zhil SE;_\ m;,f',’,".,, ISA/US M /4
ommissioner nts Anthony Weier
P.0. Box 1450
308-0651

Facsimile No. (703)305-3230
Form PCT/ISA/220 (April 2002)

Alexandria, Virginis 22313-1450 Telephon: No. 703

(See notes on accompanying sheer)



PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT

(PCT Article 18 and Rules 43 and 44)
Applicant’s or agent’s file reference FURTHER see Nudfication of Transmittal of International Search
100700.24PCT FORACHON Repon (Form PCT/ISA/220) as well as, where applicable,

item S below.

Internarional application No. International filing date (day/month/vecr) (Earliem) Priority Dae (day/month/year)
PCT/US03/11950 16 April 2003 (16.04.2003)
Applican
VDF FUTURECEUTICALS

This inernational search report has heen prepared by this lnternational Searching Authority and is trangmitted to the applicant
according to Aricle 18. A copy is being transmitted to the Internarioaal Burem).
This international search report consists of & Wtal of é sheets,

It is also accompanied by a copy of each prior art document cited in this report.

1. Basis of the Report
8.  With regard 1o the lnnguage, the international scarch was carried out on the basis of the international application in the
language in which k was filed, unleas otherwise imdicated under this item.
D the international search was carried out on the basis of a translation of the international application furnished to this
Authority (Rule 23.1(b)).
b. With regard (0 any nucleotide and/or amino acdd sequence disclosed in the intermational application, the international
search was carried out on the basis of the sequence listing:

contyined in the international application in writen form.

filed 1ogether with the imernational application in computer readable form.
furnished subsequernly to this Authority in written form.

furnished subsequently to this Authority in computer readable form.

the ststement that the subsequently furnished written sequence listing does not go beyond the disclosure in the
international application as filed has been furnished.

the statemem that the information recorded in computer readable form is identical to the writien sequence listing has
been furnithed.

Certain clalmg were found unsearchable (See Box I).

Unity of invention Is lacking (See Box II).
regard o the title,

the text is approved as submitied by the applicant.
the text has been established by this Authority to read as follows:
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X

3.  With regard to the abstraet.
the text is approved as submined by the applicant.

within one morah from the daie of mailing of this imernational search report, submit comments o this Authority.

6.  The figure of the drawings to be published with the abstract is Figure No.
as suggested by the applicant, D None of the figures
because the applicant failed o suggest a figure.
D becanse this figure better characrerizes the invention.

D the wext has been established, according to Rule 38.2(b), by this Authority as it appears in Box Ill. The applicant may,

Form PCT/ISA/210 (first sheet) (July 1998)



INTERNATIONAL SEARCH REPORT
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Imternational application No.
PCT/US03/11950

A. CLASSIFICATION OF SUMECT MATTER
IPCCH A27F 5/02, 5116
Us CL 426/595, 596, 433

B.  FIELDS SEARCHED

Acconding to Imermasional Pater Classification (IPC) or to both national classification and IPC

U.S. : 426/593, 596, 433

Minimum documentation sesrched (classification system followed by classification symbols)

Documentation scarched other than mininmum documentation to the extent that such documents are included in the ficlds searched

Electronic data base consulted during the internatiopal search (name of data base and, where practicable, search terms used)

C.  DOCUMENTS CONSIDERED TO BE RELEVANT

Category * Citation of document, with indication, where appropriate, of ke relevan passages Reievam o claim No.
Y US 6376001 A (FABIAN) 23 April 2002 (23.04.02), sec entire documen. 1-20
A US 5178832 A (PHILLIPS et al) 12 Jamuary 1993 (12.01.1993), see emire documern, 1-20

D Further documents are listed in the contimuation of Box C.

D See patent family annex.

“E" earlier application or patent published an or after the Imemtions) flling dae
docoment which nay twow donbey an priority elaimis) ar which I3 clied to
establish the poblication date of anather cimlon or athey special reaem (a8

="

. Special cucgories of cied documents: - iater document publighed after the tngermational fliing dae or orky
date and mnt in conflict with the spplication b ched to undergand the
“A"  documens defining the geoeral e of the an which b not considesed 1o he prin iple or theory umderiying the lovetsion
of pesticular relevance

=X* docomere of particular relevance; the clalmed invention cannm be
com dered novel or exnnox be comsidered to rvolve a invemive aep

when the documens {s mken alone

document of panicular relevance; the claimed trvention cannot be
cons dered o Invalve an mvertive mep when the document s
combined with ane or mare other such docunents, wach combision

-y

Facsimile No. (703)305-3230

"0" documess meferring to sn ol disciosure, nee, exhibldon or other means belng obvious to a pevson skilled in e an
“F" dorumens pohlished prior to the Leseromtional filing dam tax Jwey tan the "= document mesnber of the sxme pater family
priority daie clalmed

Daze of the actual completion of the international search Date of mailing of fafnemlmml search report

13 June 2003 (13.06.2003) J UL 2003

Name and mailing address of the ISA/US Authorized officer /
e JE—_— ﬂ:«f Wl —
P.0. Box 1450
Alenandria, Virginia 22313-1450 Telephone No. 703-308-065

Form PCT/ISA/210 (second sheet) (July 1598)
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() ABSTRACT

Green coffee i introduced into a contsiner whare it is
subjecied 0 contirnows mixing in Wmpeatnm contimons

in icmpematore runging between covimomeant amd
valms clome 10 120" C. and water vapor is introdnced into
said container until the single beans of colfeo have becoms
porows and permeabls; micoloxine sre mmaoved by extrac-
tion with a solvent in an scid enviramnont obtained with »
given acid or with & beffor solotion with a given acid pH.

11 Calms, No Drawings
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FROCESS FOR REMOVING MICOTOXINS
FROM A LOAD OF GREEN COFFEE

The prasent invention awmcens 1 procoss for emoving
micotoxine from s load of green coffee, intending as mic-
oioxins in this casc at Joast those micoloxine Enown =g
ochratrexins and aphisinyine that may be preent in preen
coffee. Oos of the purposss of thin process i o remave the
micotoxing though maintaining the of caflcine
within the vaines of & moa decaffninated It ia wall

Imown thal ihe quantities of thess micoloxins in coffes are. o

wery amall in an absolnte seme (for nstance only 2 few—
ppb—parta per billion, that is mg/ton) amd that their prescace
may dopend on the geographic area in which coffes grows,
oo pomible nnfivoorabls weather cnditions and oo possible
negligence in siompge and hamdling.
The applicant filed patent spplication PCT/EPS7A2014
for ap indnstrial process spilable b removing the above
meotiomed micotoxine fom geso cofles, said procoss
a) introducing a Inad of green coffes containing miocotox-
ins into & container in which the coffoo will prafandly
be mubjecied v continuous mixing at
moging from mom tempersinwe to about 105° C;

b) introducing waler vapour into the container where it is

bnunﬂtheul’uhnhnhaunmnd’

permeable;

¢) introducing into the coutainer & molvent suiled to
removing wazes and micotoxins amd eximction of the
solvant as soon 23 i bas removed the wasss and most
of the micotoxims from the coffes;

d) recovering the solvent snd ssparation from the latter of
the micotoxine cootained therein.

A frst alternative to the sbove said stage <) is sage:

<) introducing into the container a solvent saturated with
caffoine loaving long encugh o remove the totality of
the micotnxine.

In o scoond allermative, the process contemplaies the
:q:ulimnufhwe)mmhrbmlhbvﬂnf
removal of the micoloxing,

A fimst drawback of ihe above szid process lies in the

Mﬁmnphmwwmdmm'ihldm
satursted with caffieine

A-uﬂﬁwbﬂlﬁmbydlfﬂﬂmbmh
-:Iv?n whh caffeine largs quantitios of the luiwr are

A further drawback of said process is given by the fact
that the repetition of stagp c) in order to incresse 1o & higher
ovel (ho removal of ithe micoloxine canses (e mmoval of
rther quantities of cafficios from the coffoe.
that, by croating an acid epviromneat cbizined by mesns of
& chosen acid or buffer solution with & given acid pH, in
some of tho procoss stages the removal of micotoxins is
increascd, while at the same time, the remowal of caffeing is
rednced compared fo the inown process. Noie that the
Knoown process takes place in a ncuiral epviropment.

‘The suitable acid environment for the sbove resulls is 10
be chostm by the oporator between pHe7 and pHs=2 s &
fanction of the contast time betwean coffos and the acid
mixed with the solvent med ar alse the contact time betwosn
the coffec and ihe buffer solntion sa a function of the
tamparatnre a1 which said contact tales place.

Such mn scid sevimmoeot am bs achicved as follows:

2

intmducing inio the process a buffor solution with an acikd
pH and keaving it in omtact with 1he colfos for the
mequired fime;

Later discharging said buffer solntion and introdecing the
solvent for the removal of b micotoxine,

On tho basis of the results of the farther experiments b
process that is the sobvject of the present patest application
compriscs the following known stages:

8) intmducing a load of green colffee containing mimtox-
ins into & container in which the coffee i prefmmhly
subjected to continuous mixing in temperabure condi-
tions ranging {0t room tempersture io shout 105° C.;

b) introdncing into the container watsr vapour to be kept
thore for the time required for the coffee bomm
become porous and permeshbile;

and pewly incindes the following subsequent siages

¢) introdocing into the container a quantity of sclveot
oqual in at loast 5(% of the weight of the coffies, the
solvent coolaining a suitshle quantity of acid), and
leaving it in cootact with the coffee for at keast 10
minuics &t & emperatore that moges from mom kem-
peratnre 1o shout 105° C., such higher vaine being
raised up : 120" C. when nsing kinds of solveat

o

This stage c) may be rspested unti] most of the micotoxine
bave boon removed. Niote that “snitable quantity of acid™
mecans that amonnt as chosen by the operator dopending oo

sy 1bs solvent and on the Wmperaiure at which the rexxval

ks place;

d) recovering the micotoxin removal material and wepa-
mating the micotoxins contained therein.

Aan slicmative 10 the abowe stags (c) is a stage:

) introducing a buffer sojution fieaturing & chosen acid
piL, the acidity being a fanction of the coniact time of
the same buffer solution with the coffce andd as a
function of the teniperatnm at which this stage of the
process takes place, the buffer aolutinn being & varisble
quantity batween 50 and 200% of the waight of the
eoffes load; the said cogtact time maoging batwemn 10
md 60 mimmtes;

) discharging the buflisr solution

e) introducing inta the cmtainer a quantity of solvent,
ogual 10 at loast S0% of the weight of tho coffey load,
and then extracting it after the romoval of the greater
part of the microtoxins from the coffes;

t)mﬂ-mmﬂdv-nmlm
ing the micotoxing coutained thorin.

» A further improvemsnt deficed by the expariments is that

of adding 1o the water vapour in the stage (b) a quantity of
‘wator ranging between & amd 50% of the weight of the coffes
Joad at & iemperatnre ranging from mom kenrperatare to 90°
C. 0 that the coffice brans bocome povons and perracsble
more rpidly.

In arder io bettor nodkratand the invention somo ceamples
of embodiment of the proccss are described horobelow.

IXAMPLE 1

Deacription of a proczs in which the remaval stage takes
place at room femperatire and the ack] is previomsly mized
wilh the solvent:

a) ss defined above;

introducing into the process an acid mimed with the &5 b) es definod shove;

mivent fior the removal of micoloxins or, ss an alier
native;

¢} introducing inta the contsiner a quantity of dichioro
methans equal o ol keast 50% of the weight of the

P
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3
callee load, the dichioro meithape cootsining 2% of
fiormic acid, ared leaving it in contact with the coffes fior
3D mioutes this stage: being repeatable until most of the

micotoxins have been removed;
d) Recoyvering the micoloxin removal material snd scps-
rating the micotoxins confained thercin.
EXAMPLE 2

Dencription of a process in which a contsiner brought to
room ismperinm i proviouly Alled with an acid pH bufior
salution:

a) as dofined sbove;

b) as defined above;

€) introducing into the container & quantity of phosphaie
bulfer salution with pi4 , ranging from 50% 10 200%
of the weight of the coffcc load, and leaving it in
contact with the coffee for 15 mimies;

d) Dischurging the tuffer solution;

¢} Inirudecing into the container dichloro methane, io &
quantity equal © at keaxt 50% of thoe weight of the
calfes load, in arder to remove the micoloxine and
extracling tha solveat afier the removal of most of the

) Racovering the solvent and soparating the micoloxine
conlained therein.

What is claimed is:

1. A procam for removing micotoxins from a load of green
coffes without subetantially reducing
the colffes, comprising mainiaining the inad of green coffoe
with waker vapor in a container until the coffies has become
porows and permeablo, (heroafier exposing the coffee 1o an
acid envirmment external to the coffee, exposing the coffee
10 a solvent that dissolves micoloatins from the coffes, and
thercafior scparuling the coffeo and the micotoxin-
contajgiog solvent.

the caffeine content of =

4

2. A procoss as claimed in claim 1, wherein mid exposure
o acid enviromment is cffected by admixing acid with suid
mivent

3. A pmoess as clhimed in claim 1, wherein expomoe b
said acid environment is sffocted prior to exposing the coffee
1 the solvent.

4. A process as clainud in claim 1, wherein said! exposure
of the colffice to the solvent i curied out at & tempentum
from room mmpanature o 120° C.

5. A process as chimed in claim 1, in which said acid
envirooment e a pH between 2 and 7.

&. A process 3s claimed in clxim 1, whorein said solvent

dichloromethans.

7. A process a3 claimed in claim 1, whesein the solvent is
in a quaniity equal fo at laant 50% of s waight of the coffes
and the caffes is eft in contact with the acid envimnment for
a contact tima of st leant 10 mimtes.

6. A process o8 claimed in claim 1, wherein sxid acid
envircomext is achisvel by intradacing inio the coniainer
tho salvert admized wilh 2% [ormic acid

9. A proccas as chaimed in claim 1, and repeating the
contecting of the coffts with solvent until most of the
micotoxine have been mmgved from the onffee.

10. A prooess s claired in claim 1, whersin the exposre
of the coffite 10 acid i achicved by coniacting the coffec with
the befier solulion in a quantity anging from 50 to 200% of
the weigin of the coffee, said buffer solution having an acid
pH, fora time: from 10 to 60 mirmtes, and then separating the
coffse from the bailfer scluting prior 1o condxining the coffos
with the solvent.

11. A process as claimed in claim 9, whersin the buffier
solution js & phosphate buffier salution of about pH 4.

13. A process s claimed in claim 1, wherein, in addition

o said watar vapor, a quantity of lignid water fiom 5 to 50%
of the woight of the coffes i introdoced into the container,

35 5t a tempeniture from mom trmperstwre to 90° C.
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SELECTIVE IMMOBILIZATION AND

This is & continuation of copending spplication Ser. 3
No. 077319,544 filed oo Mar. 7, 1939, now abandoned,
which i continuation of Ser. No. 07/101,597, filed os
Sep. 28, 1987, now sbendoned. .

BACKOROUND OF THE INVENTION ]

I.Mdhmh Oc .
This investion relstes to the separation s detection .
w(ummmhprm m{%?ﬂ:mdmos
fiom concerns the pae of various miseral 10 aelectively *# SV extes end 4-hydromyochratonia A) are sructuy-
huﬂhﬂ-’nwyy:hnﬂm:mm ally  relsted :ﬂ f ml.l-ﬂmydm-s-
cne or more mycotoxins and other orgasic molecules,  Dethylaocommar in linked amide L-beta
: phenylalanine at the 7-carboxy group. These chemicals
Myeotoxins voxic claborsted cun be produces! by several species of the fimgal genera
um';,m‘wﬁmm_,:ﬂwuuhﬂmwaum
known for they beve been studied bess reported ta.occur a8 @ astural contaminant in & varicty
. many yesr, Sy W " of food end feedstufh (3., com, wheat, barley, dried
intensively than bacteris] toxins in foody. Interest in the iaed foed, o
s Of mycobxind was reuewed i reces Yours sfler  foe boam, cic.) a8 well as rexkdues in iver, kidneys and
In farkey X discase which killed thoosamds of torkeys b - ipose tisue of pigs. The toicity of ochratasin A has
England in 1960. been well documentad in aumerous experimenul mi-
Aflstoxins nuﬂqhhmnm.lilhu#
Aflstoxivs are finorescent toxic factons elaborated by 30 ©f Siciting other toxic cffects inchuding
the common mold Apergiffur fkms anong others, - .
Qriginally two faioilies were iolated; they were pamed - B8 the following chemical stractore:
aflstnxin Band G, becanse they exhibited blne and green
finorescence, respectively. More recently, at Jeast sight S ‘l’ on o

compounds have been shown 10 belong 10 the aflatoxin 33
rowp. The toxins have smilar stroctores and form &
uhumdﬂﬂlymmd.uuﬂym
beterocyclic compounds

that fluoresce opon exposare CHy
10 nhravialet ight The homologs which comprise the a
afixtoxins commoanly designated By, By, G;, and Q3 ¥ .
bhave the foliowing chemical structures: Od!mmyhmhmﬂnh with

prior art sre enployed. The present invention elimi-
45 nates 1kis biss by providing & mesrs to resolve a mizture
of d ainx aflasoxins snd ock 0 A

‘Frichothecenes
Trichothecenes such m decxynivelenol (DON) and
% relnted ; adcohols are another very

nesguiterpens: impor-

tant clas of mycotoxine due to thelr toxiclty and fre-

" guent oocurrence in graim. They genenally have the
carbon skeleton:

a ¥ o’ o

The trichothecenes are & group of some 50 biologi-
cally active sesquiterpenss produced by varions species
& of fangi. They are chemically characterized by a 12,13-

have bexn bnplicated s cavsal agents in both buman
and snimal polsonings. As a group, the trichothecenes

cpasy-trichothec-9-ene ring system. These compounds .
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hematuyia, Gitrinin
vere inflammation of the G] tract, degener-
ation ol nerve cells, degeneration of cardiac pmacle, and 5 Chrinin,
lesions of the lymph nodes, 12stes and thymm. Topical  trimethyl-6-on0-3H-2-In T-carboxylic scid], s
cootact can resuh in seversl dermal necroshs. The - produced by & variety of Penicilliom and Aspergilius
reported 10 co-occur with ochratoxin

sephrotoxicity, citrinin has s depremant effect on respi-
Zearalencne mtion snd the cardiovascplar gystem in experimental
Zesralerome, as(x 1=  animals.
acid lectowe]), s & com- 20

monly occmring produced by Pesrism Ergot
raenw (F. Gramineaum) and other Fosarium species on Ergot slkaloifds (the most potent of the ergots) oe
corn, sorghom, barley, whest and other cereals. There metabolites of a group of closely malsted
mummdmm exgot fong! of the geous Clavioeps or Sphacelis. Chemi-
tion of corn e m&lwd‘ﬂzunyhmMmcqnbm

|
44
E
i
Hi
]
I
’
It
i
|

condition commonly referred to a8 byperestrogenisn. toward sdrenaline sod 3-hydroxytryptamine, snd pe-
1= swine, this syniroms involves primarlly the pealital  riphersl action expremed throngh the stimmlmion of
tysiep (e.g., swaollen apd edematons volve, rectal snd  smooth mrescie’(e.g., nherus, arisviole walls, or sphincter
vaginal prolspse, enlarged uteros in the femals pig, snd pupilias). Polscning, doe to ingestion of ergo talkalold

a feminizing effect with atropy of the testes snd enlarge- 33 myootasing, has been reported b bumpns, cattls, sheep,
ment of the mammary glands in the young male) Be-  horses, swine and pouhiry.

sides the estrogenic symptons, other chnical signs of Ahhough other myeotoxins beve been and uebu‘u
MMNMMM discoverad, the afiatraring retsin a position of major
vefunal of feed, lom of weigit and hemorthage. importance becavse of their bigh toxicity end thelr com-
. 40 mon patural scourrenee: in soch foods as ceres] graing,

Steriomatocystin cil-secds, sud ollsced m=als stored under adverse condi-

Sterigmmatocystin, (a,12c-Dihydro-8-hydroxy-§-  tions. The ahility of afiatoxins to caxse liver cancer bas
]usnthen-7-ome), samy-  probehly been the key factor in worldwide concern

cotoxin produced by » variety of Aspergillus fagl over thelr presence in foods snd feeds. Ahhoogh the
is also produced = an intermedinte product in the bio- 45 effects of aflatozing on tmass are not clear ot present,
syuthesls of sflatoxing by 4 peresiikns and A flavt in the mycotoxing are highly potent carcinogens to a mum-
udmmmm Bver md hd-hklﬂmhw-pnuﬁﬂ_ly

B

ks reported to cavse chrosic the of sflatoxins if condisions are

snd hyperplasis. It has been bypothesized that Hie afls- 50 favorahie for the growth of A. flavos or other toxin-pro-
ine, s lnvolved In the eticlogy of  docing molds,

chronic Bver disease of humans In Africs, Geuenally, most eflstozia production ocours during

Patcli the harvent after cereals, dileeeds or mots have

begun t0 dry bot before they attain the molsture level
Panlln {4-Rydroxy-AH-farof3.2-clpyran-2{EH)-cue) 55 best suised for stormge. Stomge of the foodstafts onder
--ﬁwwwmwm proper’ temperature and humidity conditions will pre-
1o the peoers Aspergilhn snd Penlciliom. Pesiciifiem mmmmnhmm

%3
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of researchers. These techuiques sre reputed to be muit- construetion of deviees which ean resclve mycotoxias
sbie for the Seld analysis of comn and peamuts. See, 2.4,  ip solution and provide & semi-quamitative fluorescent
. Holaday, C. E, "A Rapid Screening Method for the  detershination of their conceniration in foodstull sam-

Allstoxins and Ochratozin A," J. Am. Oil Chem. Soc. ples. The devices of the present irvention are easy 1o
53:603 (1976); Holaday, C E. “Rapid Screening 3 fabricete using readily availshle, relatively inexpensive
Method for Zesralemoor in Cora, Wheat and Sor-  materials and the test methods which employ these
ghum,” J. Am. Ofl Chew- Soc- 491A (June 1980); Shot-  devices are rapid sud caslly performed in the field,
well, 0. L. and C. E Holaday, "Minicolums Detection The tent devices of the present invention comprise

Mrthods for Aflatoxin in Rew Pesunty: Collaborative tubes packed with isolated layen of selected -

tramiparent
m.':.mouq-:.mmumxm,— 10 minsmls. In ose, a puivent extract from a semple poten-
day, C, “Rapid Screening Method for Aflatoxin Miin  tjally contaminated with mycotoaing js pessed through
Milk,” J. Amsoc. Off. Ansl Chem. 64:1064 (1981); Hola- e detectpr mbe ar Is transported through the tube by
day, C. E., “Minicolumn Chromatography: State of the ¢ gifforent solvent oc solvent mixtare. As the mycotoxin

mizicohmmn (or “millicolomn™) s developed n o chlo- o vemetresm minersl lnyers. If the mycotoxins for

ddﬂneﬂmhmm_lh_edmin- banis near the top of the mineral layers which are selec-

posed to long-wave ultraviolet radistion. [See, e.g., :
Holnday, . Axm. O3 Chem. Soc. 43480 (1368}, The O G e 1 Cep v it T s

other i
WMM:USMMWMBMRHMbHMﬂMw

wed. The aflatowin winicolnmm has  lsyer of shming  device illustrated the immobilizstion snd detec-
upstream fram the Florisl @ Iryer. The ochratosin A  ton of ochratosin A and afistoxing.
minicolnmn is packed oply with Floriil @) The FIG. 2 depicts in crom-section & pastion of & text

analytes are detected by visusl abeervation of the myes-  device for the immobilization and detection of sflatox-
toxins® fluorescence under nv Light. [Holaday, J. Am. i and decaynivalesol which embodies the present
Ol Chem. Soc. 33:603 (1976)) lovention. . . .

There are other types of chromstography which will FIG. 51 s croms-vectional view of n partion of the test
perform the same function s the lnvention disciomed 50 devices disclosed in Esamples 6, 7, 8, and §.

berein—¢he scparation and detection of various myco-

toxins. These incinde snalytical methods employing DETAILED DESCRIFTION
pa-liquid chroma- Iﬁqhbm .ﬂm-
sography (GLC), and s chromatography/mam spec- 33 monly in agricnitonl commodities and food-
o The selective adsorption propertes of these ma-
are not well suited for performing snalyses in the fiedd terials enahies the consbruction of a test device which
inssmuch & they instruments sad & can immobilive selected mycotoxins a1 certain physical
relatively high degree of skill an the part of the person ~ locstions in the et device thereby permitting the reso-
the “mrﬁwmdﬁiummm

-

SUMMARY OF THE INVENTION This mmobilivaiion phenomenon also enables one 10
It bas been discovered that certain minevals, partico-  physically scparate (he mycotoxin(s) of isterest from
Iszly veriovs oatonally occurring forms of aluminum & i ing compound are mos:
uﬂMﬂMH*ﬂumﬁmﬁyﬂnm ies. However, sub-

G4
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7 8
xve also considered fnterfering compounds for ~ ocours abundsntly in nature, moat ofien as impure hy-
the purposes of this disclosare. droxides which are the essentis] constituents of banxites
For the purposes of this disclosure, to “bind™ or “im-  and Iaterites. The oumeroos purer prades of alumipa
-nﬁlh:'hmdnmlyﬁu)wmhum- mmmnmmwm
pounds mesns that the suhetence s not apprechahly 5 oo
cluted from the selective: adsorbant by the sample sols- The momenclatore oeed for the variovs crysiallixed
tion or wash siveni(s). It should be sppreciated that  hydrutes of alumine hay not been completely standard-
this differs fndementslly from chromatographic meth-  kzed and these materials are differently named in varions
ods of analysis. Chromatogrephy is based on the separs-  comtries. An effort toward warkd uniformity has besn
tion which obitains when substsnces having differewt 10 made in recent yesrs. Table 1 provides a summary of
affinities for the sistionsry phate are dimolved ina mo-  some of the more conmuonly ed oames snd synonyms.
hile phase and passed through a bed of or scros a layer .

TAltl..El
e Nopnciutere of Cryyialiing] Hydrates of Al
Compeshios Alcca Ewogeas sympoaiss ~ CAS Reglotry No.
ANOM)Y w-ahamiss wrivpdess or N33}
J-aluien toflydenee . [
-m ﬂ* . :

ﬂ' Gpare 2

m-m-nhm' having been eluted by The stractural propesties of gibbelte, bayersite, sand
the mobile phase. In contrast, the affinitles of the prey-  bochmite are set ont in "Table 2.
ext inveation are such that for all practical purpapes, no - TABLE 2

qm&mmmm e :;: el
i

]
|
i
5.

:
E
;
E .
I
I
|

and, for sluming gnd silica gel. Whﬂnﬂ:hﬂﬂh“ﬂ
lehﬂ.mmmtaﬂ are genevally prepared from mintions of Alx (SO snd
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Abnnine suitable for chromstographic adscvption is  tion. It is not necessary, however, thar the salvents be
typically prepared from carefully screesed aluminnm § dricdd in this manner or even dried ar all.
brydrozide having a particle size which will pack essily Layer 6 i activated charcoal It acts 1o remove con-
in s column without obstructing the seepage of liquids  tamicants from the sample scintion, i
i ments

ing the formnla i ochmtoxin A from the

7003 H10. Water costest and alkalinity are thes sd- 1S semple solotion and binds It, inmobilixing this myco-
Jjomed by wmbing with dihuse ncids. toxia at pasition 22 in F1G. 1. If ochrataxin A is present
Sllce [ - sllicic acld in the form of o the sample in mificlent quantity to it vienal

¥
fine pores sad is theyefore extremely adsorthent. = 20 o longwave uv mdistion. Aflstoxins are not
The wovel use of these varions minerals (and others)  bound by the beyerite layer mnd they are transported 10
to selectively bind and tmmobllize specific mycotming ~ the downsiresm layers in the detector tube. Any other

invention are disclosed In the examples below.
However, It should be appreciated by those skilled in Layer M4 Florkil @ sctivated
this art that these exampiles are merely llloerative of the silicste. Aflstoxing in the ssmple are boond

proximately .
. EXAMPLE 1 33 bind allatoxing can b employed in this lvyey. In particn-
Inr, silics gel can b2 med for thin purpose (scx, e.g.,

The packed portion of & detector tnbe for the resalu-  Holaday, JAOCS 42680 (1968)).

tion and detection of affatnzine and ochratoxia A which R is boportan thet the beyerite Mayer (or other
embodies the presest inveation is depicted In crom sec- ochratoxin A selective adsorbant) be upstresm from the
tiom in F10. 1. The positions of the selective adsorbants 40 layer meed 1o bind aflatosine if the aflstoxin adecrbant
(reacsive interfaces) having structure-selective affinities  also binds ochratoxin A (ss is the case with Flovisil ().
o mycotaxing are shown alang with the jocations of  An "mpptream” packing in the detector tobe b coo-
varicus pucking matevials med to separste and/or smip-  tacted by the sample solution prior to a “downstream™
port the aderebants and to precondition the ssmple  packing as the sammle solution pesses through the detec-
solution and trenspordag solvenz(s). Also shown in 43 tor tebe in the intended direction. If the positions of the

ins boemd to the in the detector tebe, the 16 thereby enbancing the visiie detection of that
tube el must be substantially transparent to both the Any materisl which sarisfies this criterion and
exciting uv radiation and the emirsd fluorescence inthe §s parons bot intaluble in the ssmple aointion and trens-
viible portion of the spectrum snd non-flaorescent. solvexts could be wsed. Celite has been found 1o

or sodafbne glass will suffice as will polycarbonste,  ered suitahle include glass wool, aiicstes, salts (if insolo-
scrylic, snd other transparent plasticy. ble in the solvents employed), sulf, ivoe fil-
In FIG. 1 detector tebe 1 is shown whb a sumber of  imgs, various plastics, slmminosliestes, fiber,
addiional, packings which improve the separs- mand, snd 1he Fhe, and mixtures of such materisl.
tion snd detection of ins. Layer 2, the top layer 65 The packings of the detector tube shown are

in the detector tube shown, is sand Jis purpose & to mdonhyud‘nludn.ll.olmwnlph;w.ﬂ;
minimize colunm loading distorbances when the sample 20 bolds the packings in thi detectar tube. It should be
" walation i spplied to the detector tobe. Layer 4isanhy-  noted thet the only layers which are cosential to the

¥
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n "
mdhn«uﬁumhmm“ Jayers) with & 1:1 mistore of chicroform and methanol
selective for ochetoxin A snd afistoning—-in the llus-  Positive pressure was applied to the top of the detectar
mmmmm-d'ﬂuﬂo tube using & pipette balb attached to the top of the tuhe

W!'l‘).lqnnwly The other layers employed i during the development period (sboot 15-60 seconds).

this embodimesn sevve to sopport and solate the sctive 5 The detecior tybe was visoalired under &
Inyers (selecsive adecrbents) or to precondition themm-  wv Jump (363 nm). Ochratoxin A was detected m 2
piz solotion snd/or trangporting solvent(s). hiﬁlﬂuﬂmhdhﬂ:mm.m

The detecttwr tube for the selective adsorption of  aflatoxins were concentruted as a tight band at the inter-
mycotoxins disciosed sbove allows extracts from grain hdhﬁh@ﬂmgmnﬂm
samnpies and the Jike to be analyzed ia the fleld for afls- 10 detected by their bright bine fluorescence.
taxing and ochratonin A. The analysis is accomplished Afer mse the deteotor tubes can be decontaminated

Purpose.

dures gre well-imown ia the art. In general, ey of the 15 muhumvlcu'mmu
AQAC-mnctioned proceduzres for extractions of such  device can be disposed of by incineration.
samples muy be employed. An aliqunt of the exiract is The deterstow tube and method described shove will
hﬂnhqdhﬂcﬂuﬁnﬂm ove weful a3 2 reguistory toal o monitor aflxtoxin
with & dewveloping solvent (c.g., methanal) Positive costamination in agricoltural commodities, prepared
premure may be applied to the top of the detector tube 20 foods and mined feeds at buying locxtions, Held installa-
0 decrease the ciution period. tioms, proceming fines, gruin elevator, feed lots, and the

Afer development, the detector tnbe s cxposed t0 Bke It can facllitate the mpid differential disgnosis of
loogwave ov radistios. Longwave uv radistion s ultrs-  mycotozicoses in snimak (by testing body finids or
viaiet energy In the wavelength region from shout 30 tisese extracss, particnlurly those of the lver and kid-

detection Jomit, ochretoxin A will be detected 23 & combination with aflsicxin) will not generate false posi-
bright bilve Doorescent bund near the opper end (up-  tive resalits for aflatoxin.
stream end) of the ochratoxin-selective layer (the bayer- Amosg the advantages which may be realized by the
ite layer in the flustrated embodiment). Similarly, afla- 33 me of detector tubes which embody the presest Inven-
toxins will be detected as a blue flnorescent band near m“#dnﬁ-ﬂ!bﬂﬂnuh-nl-
upstrenm Bmb of the aflstoxin-selective ayer (Flork-  quamitative results); esne of use (techmical expertiee and
iOhthwmhdhm). a source of vacupm are oot required, the firce of grav-
A sexid-guastitstive determination may be made by hm-ﬁnwum&dm}ﬂuy
comstructiag & “mycataxin standand control card™ hav- 40 (part-perbillion level detections possible); ecomomy

Mors qumtientive resuits can be cbtsined by lnstry- 20 EXAMFLE 2
mental fintevemetvy, the ntensity of filuorescence from A detector tube and ssaxy method for ochratoxin A,
the analytes in the developed detector tube being mes-  zsaralencme, snd afintoxing which embodies the present
sured in a fincrometer. The detector tubes of the Inven- invention ntifizes peeurdobochmite, alumine, snd Flori-
tion mre sishle, even after developing. Floorescesce @ ia combination 10 scparate, immobllize and
from the mycotosin analytes has been observed in de- 55 thereby fluorescently detect ochratoxin A, zearalescne,
w&hﬁdmhummuﬂ: snd afistosine, respectively.

clwervation. The packed poriion of the detector tabe s shown in

Samples of bath “splked™ and nxtorally contsminsted  crom section in FIG. 2 The tube which hooses and
grain pesmuty, corn and whest were homoge-  comains the selective adsorbunts is preferably about 3
mixed sod partitioned by polarity with aqueoms acetone @ mm ID. The thicknesses of the
(6% v/v scetone) or hexane followed  various packings af the deterctor tobe are indicated in

nitrogen end the resnhting residue redimolved in & sbove.

Imown volome of ethanal prior to snalysh. Aliquoes 6 luhumnhm:nﬂo&mhw:d
ranging from X to 100 microliters of this extract were  variony packisgs have been med o

Joaded on the top of the detector tube and transparted Mhmhﬁdlhdlunﬂm(m&
G, moved sequentially through the variom packing  assralenome, end sflstoxing). Materials b addition 1o the

4>
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i the sample solution. (e.§.. by removing particulates).
mltﬂﬂlnpﬁﬂynﬂ.'ﬂqhﬁ 10 The detector tube described above permin the analy-
to physically separate the selective chonisorbants  sis of the chemicals indicated which are mold-

ﬂn:by the diffeventiztion of the finorescent elsborated toxine (mycotozins) often present in graing,
entiwion of the nmobilived in the chemis-  xmis snd other feed and food commadities. The snalysis
orbant layers. Layer 2 performs the additional fonction  may be sccomplished by dissalving the mycotoxing in »
of filtering ont or adsorbing matevink from 15 known valume of mn anganic solvent having the prop-

Bquid semple solution wnd binds them, . The mmple is spplied 10 the top of the detector tobe
ochraioxin A at or aesr the wpstream snd of layer 3. If 33 (=g, coe ml. or lams) sod is allowed to flow through the
ochratonin A is present in the mmple in quan-  device. The detector tbe iy farther by add-

i Pollowing development
nhnﬁmhnﬁeﬂmwﬂubmdr salgtion through the detector tabe), the device i exam-
faxing 10 pust through to downstresm layery. If scarnle-  ined onder sn vitaviciet emp prefirsbly having an
nlpﬂﬂhhﬂknuﬂtﬂpﬂﬂﬂhﬂ exajmion maximomy 5t appccimetely 365 mm. If present
permit visval clservations of its flucrescence, » brigit s the axtract shove the detection Hmit, ochretozin A
bine band in layer 3 will be seen when the detector tube  will be-detected a3 a brigitt blue luorescent band in the
nuﬂﬂuﬂ:mulvmmuh ochratozin selective layer (pecudobocimite in the M-
sbeorbemt which binds zearalencae and not afistoxins  trated device), aflatoxine will appesr as a blue fluores-
could be whbstitated for sentral alumina in this layer. umuunummmm

organic campounds which migit be present in the sam- The intensity of the finorescence emission in sny of
ple solotion and constitute an interfering substance to 30 the wycotoxin-aclective Iayers in the sample detector
pam throngh, If afistoxie s present fn the mmaple in~ mbe may be comperad to the fuwareacence of known
mmbaﬂ“m‘h quentities of the vmiow mycotoxins spplied to eloflar

flaorescence, & bright band st lnyer 7 will besoem detector tobes in the same menner and thus representing
when the detector tobe s exposed to longweve av radl-  “reference™ devioes In this way, an emission intensity
ation. 53 comparison can be meed to gxuge the wmonm of each
k b importent tha the peendobochmite-selective Mhmmwhﬂrﬂa.lﬂ.wm
adsorbant be upstream frow the chenvisorbants sed to  appropriste calenlations, the absolute amonnt of each
bind reamlenone and aflatoxin if the ochratoxin A 5 = mrycotoxin in the original sample may be determined.
capabls of binding where sesralenone or aflxtozin bind Allernatively, the fluorescence of the bends of the
(ms fs the exse where ochratoxin binds 10 oeutral alomise 60 detector tube may_be compared to
and w Florill ). Likewise, if zearalenonc binda tothe  the floorsscence of s "reference guide™ comprising
aflatomin edeorbant (which i does if Florisll (B ls med),  flnorescent materials other than myycotondes o
the zzsralencoe adsorbant st be upstream from the the level of each Sach a refevence

@
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cence on the reference goide. A valor would be as-  resralenone snd/or sflatoxing, respectively, which be-

sigoed (0 esch level allowing the ealculation of the  come kmmobilired in the device upon developmen
amouvnt of mycotoxin in the ariginal mmple. A preferred amalytics] procedure ntilizing the detec-
The developed detector tube could alio be nsed in~  tor tube described abave is a3 follows:
comjmotion with an instrument capable of electront- 5 1. 40 g of swuple (e.g., com, sorghum, pesnots,
cally detecting the fluorescent emission of each band of wheat, rice, soybeama) and 200 mL of 30% metha-
mycolosin immobilized in the detector tmbe thereby - nol in water (v/v) are placed in a blender and
providing & more exact quantitation of the flucrescence. blended for 3 mimtes at low speed.
Such = quantitation woulkd allow the calculation of the 2. Particulstes are alkswed to settle out and 3.5 mL. of
Jevel of each such mrycotoxin the original mmple. Soch 10 the clesr supernatamt Jiquid is transfesved into a
an instromnent could also employ specific optical filters, 20-mL. giass screwcap visl through a coffee flter.
monochromatars, or the ke 1o discriminste the wave- 3. 6 ml. of water are then added to the fiker and
Iengths of the fiuorcscence detected. As will be sppréci- collected in the smme 20-ml vial .
sted by those skilled in the art, mch disorimination 4. 3 mL of toloene are then added io the solution in
would offer advantages ia the apecificity, sensitivity, 13 the visl; the cap ks firmly affized; and the vial in-
and regroducibifity of the amay. verted 20 times. .
5. The vial is placed upripht to allow the solvent
cxmpic Thatoas hw fhe irvestion FaL of exiract i teamafeore o (he op of che dec.
% 2 mL of extract to the top
%nwmztu:vm:” tar tobe and allowed to drain into the packing
T B g A e of 6. One mL of tolnens/chlorofbrm/scesone (5320:5)
sty w'm'nﬂm,:mm”“:' is added 10 the top of the detector e
o tube ite to hh nth :dhﬂ.:
mborb out ockiatozin A and other interfering com- to flow through the packings. pressure

s . . . 23 be the top of the device to i
povads. A housing having sections of differing dieme- :’h"_ﬁ:’n top to Increase

33 b weed 10 eahance effectivenes. . .
The packed portions of the detector tube is shown in ’-“"l"‘;wdmhﬂumlwz.u
eross section in FIG. 3. This device is designed to asmy Fﬂml N.-mlu)hﬁem A and/or

searalenone and aflatoxins in & mixtore of organic com- g
from foeds md f #fs. The desd » by examining for bright blue finorescence in’ the
uees the mame array of materials as that of Ezxample 2,
but the dimensions and preferred procednre for tee are . EXAMPLE 4
. . . This exsmple illustretes the we of the selective ad-
The tube and the layers of packing material contained 33 gorhgniy of the preseat invention to constract a detector
) hﬂnhuhmdhmm.h tube for the detection and messurement of sterigmato-
FIG. 3. The housing tube should bave the propertis cyytin pnd aftatoxin M) in mallk and milk products. Preo-
described in Example 1. A Pastenr pipette may conve-  doboehmise i3 enmployed 1o remove interfiring com-
miently be weed to provide the sections of differing dism- popndy and Flovisil @ snd aluming are wed to mmobil-
ST 40 e aflxtoains and stecigmstocystin. A tebe bousing
function = in Example 2 with the exception of layer 3 mmm:.u 3 Bmed o

E

which Is relative to s in the de- The packed portion of the detector tobe Is illustrated
vice of Example 2. The function of layer 3, which pref- i, croas section in FIG. 4. The device is designed for the

::&de:ﬁ Nhelquldn::hhm-ib the
aflatoxins ochmtoxin poi=  apecific resolution of Rerigmatocystin and aflatvoxin M
tioning of layer § in the larger diameter portion of the  Magerish other than the uhul:-

A
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tracted from the ssmple along with the analytes, which flow into the packings. One-half ml of ethyl ace-
compotnds woold otherwile hind dowsstresm ta alu- tute is added to the detector tube as & wash solvent
mina (leyer 3) or Florisil @ (layer 7) thereby Interfering 10 forther develop the detector. Positive pressure
with the proper mesmuement of sterigmatocysin or may be applied tn the top of the tube 1o incresse the
afiatoxin M, respectively. Thun, this particolar detec- 5 flow rate of sample ihrough the tobe.

ur wbe configumtion permita the specifie detection/- 6. The presence of sterigmaiocystin (sbout 1 ng) is
mesmrement of sterigmatocystin and aflatoxios bot not mwmh-mmm
of ochretoxin A rescence in layer § weing a

The locating of layer § in the large-Siameter portion mmmpmdlﬂmlmhul
of the detector tube allows the mmple 10 contact a 10 ag) b similwly detenmined by caamining for a
Inrger amenmt of pseudoboeimmite than would otherwise bright bive floonscence in layer 7. The procedures

be posible. The actoa] meount should be sfficient to described in Exemaple 2 ahove are sppropeiate for
tmnobilize axy and all ochratoxin A and other poten- this slexy.

thily intexfering organic compounds which may be EXAMPLE §

prenent fn the smmple. 13

The positioning of lsyers 8 and 7 in the more narrow hﬁhmple.themvdmathm

portios of the tube cffiects & greates semsitivity of detec-  investtion are employed 10 constroot & detector tobe for

tion of my nerignatocystin ad/or siistoxios, respec-  the amalysis of afistceine and deoxynivalenal (DON)
tively, which sre immobilized in these layers. Psendoboghmite is used to remove ochratoxin A and
Layer 3 prefershly comprises nevtral shonine. Neo- 20 other potentially isterfiring compounds. Alnmiza is
tral alomina selectively adsorbs sterigmatocystin from nsed to immobilise DON and heat B vsed o provide
the semple solntion immobllizing it in the deteetor thbe. ~ enhanced levels of fiuarescence, thereby lowering the
Neutral alumina, however, sllows other com-  datection lmit of the determination. Floviall @ s nsed
pounds incloding efistoxin M: which might be present 0 i bind ufistoxins. The oombised ose of
fn the sample 10 pess throagh this layer to downstream 25 Floriall (D) and aluming permits the resolution and seps-
leyers. If merigmatocystin is present in clent quan- rate detection of aflatoxiss and DON.
tity to permh visnal observation of its flaorescence, a ‘The packed portion of a detector tobe for the deter-
bright yellow band in layer 3 will be scen wien the  mination of aflatozios and DON in & sample contprising
detector tube b exposed to uv radistion. a mixture of mycotoxina and other

longwave organic compounds
Lulr'lpn:ﬁnbl comprises Florisil () activated 30 is shown in crom section in FIG. 4. The tube itsclf pref-
megueshum silicate. It selectively adecrts aflstonia M)  eruhly hes the properties discomed in Example 1, above.
-thdnlu.mﬂnuihﬁnpr&- The sppwonimute preferred thicknemes of the varions
other organic compounds  layers of packing materials within the detector tube are
mmuhuwnpmum indicated in the figure.
ins sre present in the sayple in sufficlen quantities 10 33 Ten layers of materials are taed to sccompish the
permk visual observation of thelr flnorescence, abrigit apecific resolntion of the two mjcotoxing of fiterest.
bine bead in layer 7 will be scen when the detector mbe ~ Maaerinls other than the chemisorbants selective for the
-upudbluluuwrdhﬂn. two mycotoxins are incladed to improve ﬂnq-nl:ln
The mycotoxin-selective detector twmbe decribed nddnmlmllnd!pﬂmhly
sbove allows sampies of milk and milk prodocts 1o be 40 m.'l'hnhuu:lhﬂmbnmhhﬂu—lh-
ssmyed for seripmtocystin and afistoxin M. The  tegrity of the other Inyers during uye, storage sud bap-
analysis is performed by dissolving the mycotoxinain e dling. Layer 1 acts additionally to filter out particolates.
known volume of s solvemt which will dimolve the Layers 3, 5,7, and 9 are sand. They are employed to

5&-
£k
5'

For the analysis of mycotoxing in milk, the following Eﬂﬂlﬁlm
procedure is preferred. lnlpthlﬂylm

1. A fresh milk ssmple is mized with an equal vohone 50 ﬂhhhhnh(ww')hlm
of hexane in & container suitsbic for the thorough & minaral MgSi0,(0OH)4H20 consisting of & ky-

mixing of the Equiis. A syringe may couveniently  drous magnesinm silicate that is an extremely Hght fine
huﬂhﬂtm(&..lnl.dﬂplﬂ! saft white clay dug chiefly in Asia Minor. Halloysite s
ml. of hexane in g 2oL gyringe). a clay minersl ALSHOyOH)nHIO cccmring i soft

I.Ahllllh;ﬂumllqﬂphumllln-dlnﬂ white or light-colored mesess and in st least 2 states of
separate. The aqueons phase (milk) will be the hydrlllnl—m-luﬂn—ll.'lhmd'hhwh
Jower af the two. inobilize floorescent compounsts other than afla-

3. The aquecus phase (mtilk) is drawn off (o.g., pmbed hﬂuﬂmwﬂﬂmhhﬁ_ﬂcm
out when the sytings & beld with the opening woukd otherwise bind dawnstream in the Florkdll @
pointed fn the downward direction) -ll trans- 60 lxyer (layer 4) o the: aluming lxyer (ayer §), thes inter-
ferred t0 & strewesp vial faiag with the detection/messurement of aflatoxing

4. Ethyl acetate s theg sdded o themilk inthe vialin ~ and DON, respectively. Any other materials which
s mtio of Z-i0-] (e}, 10 mL of ethyl acetmte for 5 bind the imerfering compounds and aot aflatoxing or
nl.lllill).'l'lnvlll-llluamdlﬂhvmdu DON conld be subsitoted for or wsed o addition to

&5 sepiolite and bhelloysite in this layey.

!.'l‘lnphm-lbwulmqumldlm Layer 4 prefersbly comprises Florkil @ It selee-
aliquot of the upper phase is whivhrwwe and ap- tively adaorbe aflatnains from the mixture while allow-
phﬂlhﬂnnpd'lhmmhnddhwdh n.DONup.uﬂnwﬁudnmkymnlh

90
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which might hind in the downstream slumina hayer  tiom und detection in & mixtore of orgenic compounds
Qayer §), thos iuterfeving with the detection/messure-  iocluding other mycowine.

ment of DON. Azy other materials which hind the ¥ The packed portion of the detector tobe for the smay
interfiring compounds asd pot DON could be subnal-  of sterigmatocyszin ks shows in cyom sectiom in FIG. 8.
tuted for or meed in conjunction with chareoal in this ~ The tube itself prefershly has the properties discossed in
Inyer. Exsmple 1. Preferred approsimsate dimensions for the

Layer 8 prefevably comprises neutral aloming. It go-  Vrions packing material sre indicated in the figure.
lectively adsorbs DON from the sample solution byt I3 In the deteotir tabe shown, six layers of packing
allows other clasrs of organic compounds which might ~ materials are employed w0 accomplich the specific reso-
B presemt §

(sbout 300 beating the deteczor tabe scparation and detection. Layers 1 and § are preferably
hmrmmmuml-g:"mhmumwmum
when the device is exposed to loagwave uy O the other layern during use, stomge and handling.

mina in this layer. The adsorbent muy be treated with an 35 Mﬁq@hﬂmdhﬂmmd

acidic sbetance such as aluntioom chioride or ozalic © Sevigmatocystin immobiized in the stlective sdsorhent.

acid t0 enhance the finorescence of bound DON. Olhrnnhh_ packing materinls for these hyers are
Ttisk tant thet the Florisil (@ layer be npatream discussed in Exumple 2, pbove.

from the Jayers med 20 bind DON and interfering comp- | Layer 2 prefersbly comprises halloysite. It imymobi-
pounds if afietoxiva are capsble of binding 10 those 3 Hxes chemicsh in the mmple wintion which would
Inyers (xs I the canc where aflatosin bind m charcoal).  Otherwiae bind in the dowsstresm slumina layer (ayer
sorbants were in any different arder, separation of the  Timatocystin. Any other packing materials which bind
mycotoing from each other and from interfering com-  SErfering chemicals and not sterigmetocystin could be

and DON snd possessing the spproprizte characteristics
0 allow the mycotasies to bind to the selective sdworb- | 5 o s Jopn Uy ot lavex 4 wil be olwerved when
o -y hh&ah eowlx - lmpnﬂﬂ‘:nld

detector tobe. Emamples of spproprinte solvents wre by iy fincrescence to be observed could be sobetl-
ethyl acetate, acetone, toloene snd veriovs combins-  repy for the aeutral Alomina in this layer. Specifically,

tons of these, perndobochmite or bayerit batitnted
The ssmple solution Is applied 1o the top of the detec- mmh:huumlm;;h

tor tube (e.g one mL. or Jew) and is allowed 1o Bow detector tobe diaclosed

foto the packing meterial The devioe 18 further devel- oot o mtves oo Serlor s o Bt e St

oped by adding a volume (e.5., one ml) of the sene analysls is accomplished by dissolving the myco-

salvent as & wh solvent which §s also sliowed o fiow toxin in @ Ingwn volume of an arganic solvent having

throngh the variom packings. Diffeveatial preware may oy the propertics of being sbie to dimoive -

be applicd to the tmbe to incremse the rate of fow. while allowing that arycotexin to bind to the selective
After sch development, the detector tube conteining  adanrbant In the detector tobe when the ssmple solution

¥

Similarly, decxynivalenol (f present in an smount  developed by sdding a volume of
greater than about 300 ug) will appear as a brigin blue & mﬂv:-aﬂ.“ﬂh?bmt
finorescent band in Iayer 8. Additionsl methods for  flow through the tebe. Differentis] pressure may be
determining the quanthy of the mycotazing
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miently sccomplished by simp} ,m-'..!hmbﬂh.m tube. Effective solvents include ethy] acetate and 1olo-
Following developmnes:, the detector twbe is exam- %h:uﬂedmmmmwdmuw
ined under & kmgwave pv lamp preferably having an tor wbe (for example, one ml. or less) and is allowed to
uin_-ahnnumdmm.lfmhﬂ: 3 fow imio the paciings of the device. Further develop-
ity, sterigmatocystm ment 8 accomplished by adding a vohune (eg., one
detected 24 a brigit yellow fluorescence in layer 4. nl.)d'lll:-nunlvulnulwdh.iulhemﬂ;ﬂh
Suitable methods for determining or estimating the  tp the tube x3 & wask or “transporting™ solvent. This is
quazthy of the mycotoxin are described io Example 22 allowed 1o flow through the tube. The flow rate may be
EXAMPLE 7 10 incressed by spplying diffrential pressure to the tube.
. . After development, the column s heated to produce
Dﬂ“mﬁ;:ﬂem;m'ﬁﬂ a finorescent compouad from any patulin immobilized
1 met aNay W VEODOW 4. The ing may be i
T e D E S e T
employed in the device described to selectively immo- 13 g wingtes The tube is then ezsmined under longwave
bilize petalin thersby permitting its deection and/or gy rydistion. }f present in the ssmple solution sbove the
The packed portion of the detector tube for the sy mwmmﬁm“mfmnmﬂd
wﬁ'ﬁ:’;:--ﬂngm-!nm“hnwahmmummwu

1 prefershly propertics disc n-dlhrﬁew' this point are discossd in Exymple 2, above.

kﬁn-n".::@uhq:nm e EXAMPLE §

detector tube, ez layers of packing matert A detector tube and sssocisted method for the analy-
are wed to accomplish the epecific resolation of patulin. 4y of cimrinin are described In this method, The device

sbout 30 to 100" C. for sboot 4 1o 6 hours. It s contem-  mite Inyer (ayer 4) ead interfere with the mexsarement
pinted thal any other sonvolatile acids having pKa's  Of cluinin. Any other packing material(s) which would
less then about 3 may be med in pisce of coalic acld 33 bind interfering ounds and not citrinin cosld be
trichloroscetic ackd). Patulin, which binds to the  substitmied for or msad in conjonction with the seplolite
scid-treated alumina, will finoresce bive when ezpased in this layer of the device.
w wy radiation afier being heated xt abomt Layer 4 preferaltly comprises peendobochmite. It
120" C. for 3 mbotes. Sifics gel may beused n place of  selectively adsorts cltrinin in the sxmple solotion while
seatral aluming in this procedure. 60 allowing other dissolved compounds in the sample solo-
The detector tube described above can be veed for tion 1o be transported through this Iayer. If citrinin s
the analysia of patulin in semples of fruits, fruit juices  presest in the swple solution in mfficlent quantity to
and other commodities. The analysh s performed by ubeervation of iis fluarescence, &
dimclving the mycolazin in a inown volume of sn =~ bandin layer 4 will be observed when the detector tube

xic solvemt which both dissolves the patulin sad €5 i exposed to iongwave uv radistion. Any other mate-

ssuple solution is tramported throngh the detectar  be substituted for pseadobochmite in this lsyer.

9L
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scemme; ioinene and ethy) acetate. dissolving the mycotozing (e.g.. ergotamine) in a known

The saple solution i spplied to the top of the detec- 30 volume of an organic which both effectively
tor toke (for sxanple, ooe ml. or less) end B allowed to  solvhilles the mycotozin(s) and allows it and other
flow i=ao the packings of the device. Forther develop-  codimalved to bind to the sppropriate
ment s by adding a volume (eg, one  chemisorbants in the detector tobe. Exxmples of sppro-
mlL) of the same solvent psed to dissolve the printe solvents for this purposs are chloroform,

in iayer 4. Methads  rate may be Incressed by spplying positive pressare to
for desermining the quantity of the mycotaxin fn the  the top of the column.
feed or fhod sample eve discvssed in Example 1, sbove. 25 . ARer soch development, the detector tube i exam-

n

itvel! preferably hes the properties discomsed in Exsnple tions, devices, and methods set forth will be possible
L. Prefesred spproximate dimensions for the variovs  without departing from the scope and spivit of the in-
packing materials are indicated in the figure. 40 vestion. It i intended that the fallowing claims be inter-

In this detector tube, six layens of packing materlal  preted to embwace all such modificatinng and changes.
are wad to sccomplish the specific resolution of ergots. What i claiined b
Matexinly other then the sclective adsorbants wre in- L. An spparatos for selective separstion and detection
clalal © enhance the separation and detection. Layery  of & mycowosls from 1 solwtion which may comtsin
1 sad & sre preferably cotton. These hxyers function 10 43 interfieriag materials comprising:

maintein the integrity of the other layers in the device & transparent tobe contateing & sequence of discrete
dhring use, stamge sad handling. Layers J and 3 are lnyers inciading-
prehasbly mnd. They are wmed to physically separate (1) A Brst adecwbent lxyer which is capable of -
the miective chemisorbamt Jayer thereby chhancing lectively hinding intevfering materialy from the
discrimination of the flnorescence of the Enmobilized %0 solution ss it pesses through the tobe:
mrycomain. Other mitable materialy which may be a- @ A second adeorhent layer having a stroctare-
ployed i these lwyers are discossed n Example 2, sclective affiaity for & mycotoxin meid second
above. sdeorbemt lnyer being capable of hmmobifsing
Layer 2 prefersbly comiprises the nxtnml zealite mor- sl mycotoxin in the preseace of ax appropriste
dealte [Chemical Abstracts Service Registry aumbers 35 solvent; and
12445204 =nd 12173-58-7]. It functions to knmohilize (3) A mpport layer between the firgt snd second

interfiare with the messurement of ergots. Any other

packing material(s) which wonld hind interfesing com- @ 1 The apparatos of claim 1 wherein mid first adsor-
poumis asd B0t ergnts conld be sebetituted foror need et Inyer comprises neplolite, halloysite, mordenite,
in conjenction with the zealite In this Iayer of the de- activated magnesiom allicate, silica gel, or mixtores

i
|
5
5
|
|
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25 26
selected from the group comsiming of zesrslenone,  alominosilicste, cellolose fiber, ‘mnd, of mixtures
achratoxin A, and citrinin. thereof. said second adsorbent layer comprises neutra)

3. The apparstos of claim § wherein mid first adsor  alumina; and seid third adsnrbent layer comprises acti-

ite, borimmite, banxite, slumins, or mixtures thereof; said 5 30 An apparatus for the separation and detection of

wpport layer comprises diatomaceous earth, glas  zearalenome and aflstoxin from a solation which com-
wool, & silicate, carbon, sulfor, iron filings, an sluming-  priges: .
sllicaze, cellulcse fiber, sand, or mixtures thereof; said s tramsparent tube containing a sequence of discrete

oy conkiing o ooy o ey o 10 (A it et layer Ko 1 ecosre o
4. The apparatus of clsim 1 wherein sakd second ad- o By for aceralemone, but not ailalosin,
sovrbent layer is selective for o mycotoxin selected from mid in the of
the gnop consisting of deoxyxivalencl, merigmatocys- S e o e <o Prvgwmce of m appec-
tin, painln and esgon 13 @) A second adsorbent lnyer baving s strocture-
8. Apparuizs for the separation snd detection of afl- " gegersive ainity for aflatozin, ssid second adsor-
UI.h.nIMAMnnlmMm bﬂll_,!h!uuplhladhnutllll pury
& treneparent tube conteining » sequence of discrete ?hﬁemgnm-i-
(I)Ahduia:maum.m' (3) A first support Inyer between the firsz and sec-
tive affinity for ochratoain A, but not aflatain; ﬂ""'ﬁ':“""‘m‘““‘mr e of material
mntﬁumhmhau" other than theee of mid first and second adsor-

(3) A mpport layer berween the fire and second 25
asdeorbent layers;

than those of said Grat snd second adwrbent

bent layer comprises pscodoboehmite, bayerite, gibbs tiom s it pesses through the tobe located prior 1o
e, borhmite, beuzite, aluming having activity grade IV suid first adsorbent lnyer; and
or V, or mixtures thereof: said support Isyer comprises () A mecond suppert Ixyer between the third and first
distomaceous earth, wool, & silicare, carbon, sal- sdecrbent layers;
M.huﬂmnd&ﬁlﬂguﬂnhﬁhu.mﬂ.u sald accond support Ixyer being made of material
or mistres thereof; and said second adsorbent layer other than those of mid firt, second and third
comprines activated ailicate. adsorbent Inyers

7. The spparatms of claim 5 wherein sid first adsor- 12. The apparutes: of claim 11 whereln mid thind
bemt lsyer comprises bayerite, said hye com- adeorbent layer coprprises pseudobochmite: sid first
prines distomeccous esrth, and mid scoond adsorbent 40 %0d second support beyens comprise distomaceons
layer activated silicate. earth, gluw wool, s silicate, carbon, mlfiyr, iron Hlings,
ochratoxis A, seeralencne, end aflatoxin from a soly-  therecf said fmt adsorbent lwyer comprises neutral

s a of discyete 435 magnesmy

tremtprent containing & sequeace Mn I:Mﬂn -d o

(1) A Pt adecsbent layer amructoroaclec-  Revigmatocystin sad aflatoxin-M1 which comprises:
tive for ochralayer A, but act searale- & tensparent tube containing & sequence of discrete
nome or layenn

@) A second adsorbent layer agrootare- 0 (1) A firt adecrbent layer having & stracture-selec-
selective for zearalenone, but not afla- :_ul-iﬂ-uhwwnm

( A third adsorbent lxyer baving s structore- (@) A second adsorbent Ixyer having s stracture-
selective affinity for selective affinity for aflatozin-M1; and

(#) A first support lxyer between the first and sec- 33 @ A fir support layer between the first snd sec-
ond adsorbent layers; ond adsorbent? layers;

mid first support leyer being made of msterial ssid first support layer being made of materhal
other than those of said first, second and third other than thase of said first snd second adsor-
sdsorhent layers; and bent

() A second support Jayer between the second end 60 W4 The apparains of claim 13 wherein sxid sofation
third adsorbent hiyers; may contain imtesrfering matevialy which farther com-

maid second suppart layer being made of material }
other than those of sald frat, second and third (1) A third adsorbent layer which is capable of aclec-



5,178,832

n 28 -
mid secomd support Isyer being made of materlal 11. Apparstm for separation and detection of in
other then those of said fird, second end third ﬁunmmmmmm
adeorbent layers; comprising:
15 Tie sppurams of cisim M wherein midd third 8 bransparent tobe cootaining a sequence of discrete
adaorbest Inyer comprises psendobochmite; said firt 5 i ing:

snd scond sopport byers comprise distomaceons (‘I)Ahmlmﬂli:hhﬂpﬂedﬂn-
earth, ghas wonl, a silicte, carbon, suiur, iron filings, thely binding interfering materials from the solu-

= almminowilicats, ccllulose fber, sond, or mixtunes tion 2 it pemes throough the tube;

thereof: mid first adsorbent lxyer comprises neutral @) A woond adurtent layer having a strocture-

alumiss; and mid second adsorbemt- layer comprises 10 selective sffinity for patulin; aad

sctivated magnesiom sliicate. ) {3) A wmpport Isyer between the first and second
3148 Appanros for the seperation sod detection of adsosbent layers;

afiatonin snd decxynivalenol from a solution which said sepport kayer being made of material other than

comptises: those of sxid fivst and second adsorbent Inyers.

a trewparent tuhe containing a sequence of discrete 15 22 The apparatos of claim 21 wherein sald first adsar-
Inyens inclnding: bent comprises & mixture of neutral alomine and
(1) A first adsovbent lxyer having a structane-selec- smid layer comprises diatoma-

tive affinity for aflstoxin, but not deox- coos enrth, gisss wool, a silicate, carbon, sulfer, fron
yuivalenol un ahoninosilices, cellulose fiber, mnd, or miz-
@) A second advorbent layer having a structure- 20 tures thercoft and mxid second adsorbent layer com-
sclective affinity for decxrynivalenol: and neniryl aloming coxted with oxalic acid or silics
() A firsl support layer between the fivst and sec- el coated with oxslic acld
and sdscwrbenr tayers; 23. Apparatm for separstion and detection of citrinin
wmid first sppport layer being made of oateria]  from s solntion which mey contais imerfering matecials
other than those of seld first and secosd sdeor- 15 comprising:
bent lnyers. ® amaparent tuhe ccatsining a sequence of discrete
7. spparstes of clsisn 16 wherein sald solution ]
may comsin interfering mutevials which forther com- (1) A first adecrbent layer which bs capable of se-
lectively binding imterfecing materials from the
(1) A third adeorbent layer which is capsble of selec- 10 salution s it pe:ses throngh the tobe;
interfering materialy from the soln- @ A secomd adsorbent layer having a strocturc.
tiom a8 it pesaes through the tobe located prior to selective affinity for citrinin; and
said first adworhent Jayer; and (3 A support lnyer between the first and second

@) A second support lsyer between the thind and firm adsorbent layers:
adsorent layers; 3  maid sopport Ixyer being made of materia] other than
saigd second support layer being made of material those of szid first and second adsorbent layers.

other than those of sald first, secomd and third M. The sppartos of claim 28 wherein sald first adsor-
ajsorbeat layers. bent layer comprises sspinite: said support lxyer com-

1L The spparstos of claim 17 wherein seid thind  prises distomaceous earth, glass wool, a sificate, carbon,
adacwbent lxyer comprims balloysite, seplolite, or min- 40 sulfur, iron filings, an shmingeilicste, cellulose fiber,
tures thereof, snid first end second support Inyers com- exnd, or mixtares thereof; and said second adsorbent
sulfer, on filings, en alominosilicats, cellnlose fiber, I3, Apparstm for separation and dasection of ergots
mmd, or mixtores thereof sxid fimt adsorbest lxyer firom a solution which inay cootain interfering materials

serigmetocysiio from s solution which muy comain (1) A firgt adurwbent Jayer which Is capable of s
interfering mstevialy comprising- lectively hinding materials from the
» mmparest tube comtaining & sequence of dscrete %0 solntion as it pames through the tube;
Iayeys incinding: (D A second sdsorbent layer having a structore-
(1) A firt adecebent layer which §s capable of se- sclective sffinity for ergots; and
Iectively binding interfering materials from the (® A mpport Isy=r between the first snd second
sointion as it pawses throngh the tabe; sdsorbent layers:

comprises
prines distomaceoos earth, glam wool, a silicate, carbon, 27. A kit for aclective separation mnd detection of a
sulfur, iron filings, an sluminosflicate, cellulose Sber, 69 mycotonia from a solution which may contain interfer-
Inyer comprises nestral slomina, psendobochmite, or & Uremparent tube camtainiog & sequence of Gacrete

a5
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(1) A firet adsorbem layer which is capable of s
lectively

sppropiate
lﬁﬁddﬂﬂwﬁh“ﬂbt 15
iayer comprises activated magnesiom silicase.
’.TleHld'dnnﬂvhuun&emuphenl—
toluens.

30 .

{1) A irm sdsorhent Ixyer having a structure-selec-
tively sffinity for zearnlennne, but not aflstoxin,
. mid {irst adsorbem: being capsble of inmobiliz-
ing said zenralemone in the presence of an appro-
priate solvent, but not aflaroning

{2) A sccond adrarbent layer having a structure-
selective affinity for afissonds, ssid second adear-
bent layer being capable of immobilizing smid
afisttxin in the presence of xn appropeiste sol-

v,
{3) A first support layer between the first and sec-
ond adsorbent Inyers;

mid first support layer being made of material
other than these of said first and second adsar-
hnhyul:llll .

solvent.
ummumnmmum '

Inyer comprises nextral aloming and the secorid adsor-

I.Aﬁlhh and detection of zearale-  bent leyer comprises magnesiom. silicate.
20 32 The kit of clziin 38 wherein the sppropriate sol-

s Gymspurent tebe containing a sequence of discrete mmﬂmr.
layers imclhuding:
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PRODUCTOS DE CEREZA DE CAFE CON

BAJA MICOTOXINA

CAMPO DE LA INVENCION

El campo de la invencién son los productos alimenticios, y
especialmente los productos alimenticios preparados de
cerezas de café sub-maduras con secado ré&pido completo, o

porciones/fragmentos de estas.

ANTECEDENTES DE LA INVENCION

Varias partes del &rbol del café han asido utilizadas con
propbsitos nutricionales durante un tiempoc relativamente
largo (ver por ejemplo, Pendergrast, M. Uncommon Grounds.
Basic Books: Nueva York, 1999). Por ejemplo, las hojas del
drbol del éafé Y las cerezas de café frescas, maduras, fueron
hervidas para hacer infusién. En otros ejemplos, la pulpa de
la cereza del café se puede fermentar para producir vino como
se desacribi6é en la Patente China CN 1021949. En an un
ejemplo adicional bien conocido, las semillas (es decir, los
granos) del &rbol del café Bson extraidas de la cereza,

secadas, tostadas, molidas, y extraidas con agua caliente

17



para suministrar la bebida que disfrutan muchos usuarios como

café.

Desafortunadamente, las cerezas de café, y especialmente la
pulpa y la céscara tienden a arruinarse rédpidamente en la
presencia de mohos, hongos, y otros microorganismos, y por lo
tanto contienen casi siempre niveles significativos de
micotoxinas (ver por ejemplo, Pittet, A., Tornare, D.,
Huggett, A., Viani, R. Liquid Chromatographic Determination
of Ochratoxin A in Pure and Adulteratec Soluble Coffee Using
anf Immunocaffinity Column Cleanup Procedure. J. Agric. Food
Chem. 1996, 44, 3564-3569; o Bucheli, P., Kanchanomai, C.,
Meyer I., Pittet, A. Development of Ochratoxin A during
Robusta (Coffea canephora) Coffee Cherry Drying. J. agric.
Food Chem. 2000, 48, 1358-1362). Asi, las bebidas producidas
de la pulpa del café, cdscara, mucilago, y/o cereza de café
completa generalmente no encuentran aceptacién como
ingrediente para bebidas. (Aunque uﬂ producto sea anunciado
como *infusién de cereza de caté”
[http://www.paradiserelocation.com/paradisetogo/foodproducts.
htm] , el producto es de hecho elaborado de pulpa de cereza de
caté y 8se determind recientemente que tenia cantidades

gugtanciales de micotoxinas) .
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AGn en situacicones en donde 1la pulpa, mucilago, y 1la
cascarilla es removida, las micotoxiras pueden afin estar
presentes sobre y/o en el grano de café. Consecuentemente, se
han hecho esfuerzos considerables para desintoxicar los
granos de café y otros productos alimenticios. Por ejemplo,
cuando la micotoxina ya estid presente en el producto
alimenticio, las micotoxinas seleccionadas se pueden extraer
del producto alimenticio wutilizando varios solventes vy
procedimientos como se describid en la Patente Estadounidense
No. 4,436,756 de Canella et al. De otra parte, varias
micotoxinas pueden ser adsorbidas del producto alimenticio
sobre un mineral portador como se describi6 en la Patente

Estadounidense No. 5,935,623 de Alonsoc-Debolt.

AGn en otros métodos, las micotoxinas selecciocnadas se pueden
degradar utilizando enzimas como se describi® en la Patente
Estadounidense No. 5,716,820 de Duvick et al. Los inventores
de la referencia ‘820 alGn contemplan gque los genes gue
codifican para tales enzimas puedan ser clonados para
producir plantas transgénicas que se piensa pueden estar
menos contaminadas con micotoxinas. Alternmativamente, los
microorganismos se pueden emplear para destruir micotoxinas
enzimidticamente encontradas en los fFproductos alimenticios
como se describibé en la Patente Estadounidense No. 6,025,188

de Duvick et al.
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Donde las micotoxinas aln no son producidas mediante un
microorganismo presente en una planta u otro material
alimenticio, 8e pueden emplear 1los pesticidas u otras
composiciones que controlan el crecimiento microbiano o 1la
produccién de micotoxinas en los microorganismos. Por
ejemplo, Emerson et al. describe en la Patente Estadounidense
No. 5,639,794 el uso de una saponina como un sinérgico para
controlar la colonizacién y/o el crecimiento de patégenos de
plantas y animales. Alternativamente, como se describié en la
Patente Estadounidense No. 4,199,606 de Bland, se puede
emplear &cido propiénico sobre un portador como un inhibidor
de crecimiento difundible para varios microorganismos.
Composiciones conocidae adicionales (ver por ejemplo, Patente
Estadounidense No. 5,698,599 de Subia o Patente
Estadounidense No. 3,798,323 de lLeary) se pueden emplear para
suprimir o al menos reducir la sintesis de micotoxinas en un

microorganismo.

Alternativamente, los productoe alimenticios que contienen
micotoxinag pueden ser mezclados con productos alimenticios
no contaminados a una concentracién que es aceptable y/o por
debajo de la cantidad mixima permisible de micotoxinas en
productos alimenticios (ver por ejemplo, Herrman, T. y Trigo-

Stockli, D.; Mycotoxine in Feed Grains and Ingredients;
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Kansas State University, Mayo 2002), o (al menos
potencialmente) productos de cereza de café que contienen
micotoxina se pueden emplear en un producto no alimenticio.
AGn en otros usos, el contenido de micotoxina puede no ser
considerado relevante en la medida en que el producto de
cereza de café es incinerado y asi las micotoxinas son al
menos parcialmente distribuidas como se describié en 1la
Patente Estadounidense No. 4,165,752, GB 2026839, o CA
1104410. Aqui, el inventor ensefia que las cerezas de café
pueden ser comprimidas, deshidratadas, molidas, y tostadas

para producir un producto ahumado.

Sin embargo, aunque la mayoria de los métodos conocidos
reducen la concentracién de micotoxinas al menos en algln
grado, subsisten numerosas desventajas. Entre otras cosas,
las etapas de procesamiento adicional requerirdn equipo
dedicado, incrementando de esta manera el tiempo y los costos
de procesamiento. Mas afin, y especialmente cuande son
utilizados pesticidas y/o fungicidas, pueden surgir nuevos

problemas con quimicos téxicos residuales.

Asl, a pesar de numerosas propiedades ben&ficas de las
cerezas de café y de sus componentes, las cerezas de café
completas no son generalmente utilizadas como productos

alimenticios en la medida en gque las micotoxinas estén
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tipicamente presentes en cantidades sustanciales en la fruta
madura y sobre madura. Por lo tanto, subsiste la necesidad de
suministrar métodos y composiciones mejoradas para las
cerezas de café, y especialmente para los productos que
comprenden cerezas de café con bajo ¢ ningfin contenideo de

micotoxina para el consumo humano y veterinario.

RESUMEN DE LA INVENCION

La presente invencibén estd dirigida a composiciones y métodos
que incluyen cerezas de café o porciones de estas con secado
rdpido (preferiblemente sub-maduras), en donde las cerezas de
café son sustancialmente desprovistas de, o tienen muy bajo

contenido de micotoxinas.

En un aspecto de la materia objeto de la invencién, un
producto alimenticio comprende una preparacién de una cereza
de café que es de secado rdpido de tal forma que el nivel
micotoxina de la cereza de café es menor de 20 ppb para las
aflatoxinas, menos de 10 ppb para las ocratoxinas totales, y
menos de 5 ppm para las fumonisinas totales. Las
preparaciones preferidas en tales productos alimenticios
incluyen el grano, pulpa, mucilago, ¥y/o cascarilla de la
cereza de café de secado rdpido, o fragmentos de molido de la

cereza de café, o un extracto de é&sta. Se prefiere
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adicionalmente que la cereza de café sea una cereza de café
sub-madura. Los productoe alimenticios preferidoe incluyen
una infusién mezclada de cerezas de café de secado rapido
(preferiblemente sub-maduras), o una bebida que comprende un
extracto de la cereza de café. Alternativamente, los
productos alimenticios adecuados tambiér. incluyen suplementos
nutricionales en forma liquida y s6lida que comprenden un

extracto de la cereza de café.

Las cerezas de café sub-maduras contempladas tienen un color
primariamente verde con menos del 25% de color rojo, mids
preferiblemente un color rojo primariamente con menos del 25%
de color verde, y aGn mas preferiblemente wun color rojo
primariamente con menos del 5% de &4rea manchada. Las cerezas
de café (sub-maduras) pueden ser secadas rédpidamente
utilizando varios wétodos, sin embargo, se prefiere
generalmente que las cerezas de café pean secadas rédpidamente
utilizando aire calentado © expuestas al sol y/o el aire

ambiente.

En otro aspecto de la materia objeto de la invencifn, una
infusitn es mezclada de cereza de café (preferiblemente sub-
madura) de secado rédpido desmenuzada o molida o porciones de
ésta, en donde la cereza de café tiene un nivel de micotoxina

de menos de 20 ppb para las aflatoxinas totales, mencs de 10
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ppb de ocratoxinas totales, y menos de 5 ppm de fumonisinas
totales, vy preferiblemente tiene wuna concentracién de
polifencl de al menos 10 mg/oz (mds preferiblemente en una

proporcién de &cido clorogénico a cafeira de al menos 2,7).

Asi, visto desde otra perspectiva, se contempla que la cereza
de café de secado rdpido o la porcifén ée &sta tenga un nivel
de micotoxina de mencs de 20 ppb para aflatoxinas totales,
menos de 10 ppb de ocratoxinas totales, y menos de 5 ppm de
fumonisinas totales, preferiblemente que tenga un contenido
de &cido clorogénico de al menos 2% (p/p) y contenido de

polifencl de al menos 3,2% (p/p).

Varios objetos, caracteristicas, aspectos y ventajas de la
presente invencién serdn mis evidentes de 1la siguiente

descripcibn detallada de las modalidades de la invencién.

DESCRIPCION DETALLADA

Los inventores han descubiexto que se pueden producir
infusionee y otros productos alimenticios con micotoxinas
bajas o aGn libres de micotoxinas a partir de cerezas de café
completas, sustancialmente no dafiadas que sean
preferiblemente recogidas en etapa sub-madura, y en donde las

cerezas de café sean secadas rapidamente después de 1la
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cosecha. Entre otras ventajas, los inventores descubrieron
que tales cerezas de café reducen significativamente la
probabilidad de infestaci6én de la cereza de café con moho y
hongos conocidos por producir micotoxinas. AGn mé&s, los
inventores descubrieron que las cerezas de café sub-maduras
(como contraste a las cerezas de café completamente no
maduras) suministran un nivel deseable de sabor y perfil de
aroma en los productos de cereza de café (por ejemplo
infusién de cereza de café) asi como también niveles
relativamente altos de polifenocles, polisacdridos, y otros

nutrientes.

El término “producto alimenticio* como Be utiliza aqui se
refiere a cualquier producto que sea ingerido por un humano
y/o animal para propésito nutricional, de mantenimiento de la
palud, de mejora de la salud, y/o recreacional. Los productos
alimenticios particularmente preferidos incluyen aquellos
consumidos por humanos, en donde tales productos alimenticios
pueden ser productos sélidos (por ejemplo, suplemento de
dieta, pasabocas, infusiones en bolsa, etc) o productos
liquidos (por ejemplo, bebidas de infusién u otras, melasas o

elixires, etec.).

Como también se utiliza aqui, el término “cereza de café” pe

refiere a la fruta del &rbol de café (Coffea spec., Familia

Lob
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Rubiaceae) en la cual el exocarpio y el mesocarpio exterior
(es decir la pulpa) circundan el meeocarpio interior (es
decir el mucilago) y endocarpio (es decir, la cascarilla),
que a su vez circunda las semillas (es decir, los granos).
Asi, el término cereza de café se refiere especificamente a
la cereza de café completa, gque puede estar o no incluida en

el tallo de la cereza.

El término “cereza de café sub-madura” se refiere a una
cereza de café que no ha alcanzado el estado maduro, que se
caracteriza generalmente por susceptibilidad a o presencia de
infeccién fungosa y/o presencia de micotoxinas. Asi, una
cereza de café sub-madura esti en una etapa de maduracifn en
la cual la cereza de café, cuando se seca rédpidamente,
exhibird niveles de micotoxina que estén por debajo de 20 ppb
para aflatoxinas totales, por debajo de 5 ppm para
fumonisinas totales, por debajo de 5 ppm para vomitoxinas
totales, Yy ©por debajo de 5 ppb para ocratoxinas.
Consecuentemente, las cerezas de café de secado répido son
tipicamente secadas  dentro de 0-48 horas (y mas
preferiblemente entre 6-24 horas) o cosechadas de tal forma
que el contenido de agua residual no es mayor del 20% (p/p).,

y mis tipicamente no mayor de 6-12% (p/p).

L0+
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Vistas desde otra perspectiva, las cerezas de café sub-
maduras tienen generalmente un color rojo completo o casi
completo (al menos el 95% de la cereza) (o en algunos casos
color amarillo), y tipicamente incluyen varios defectos
superficiales (por ejemplo, manchas, ccrtes, y/o huecos que
cubren un area de mis de 5% de la cereza). Asi, la cereza de
café sub-madura tipicamente exhibird a1 menos algln color
verde (al menos 5%, mis tipicamente al menos 10%) y estari
tipicamente libre de cualquier defecto superficial (por
ejemplo, manchas, cortes, y/o huecos que cubren un &rea de
menos del 5% de la cereza). las cerezas de café sub-maduras
pueden también estar caracterizadas porque ellas permanecerén
sobre el. &rbol del café durante una ronda subsecuente de la
recogida cuando las cerezas de café son recogidas a mano y
utilizadas para la produccién de los granos de café.
Alternativamente, una miquina separadora por color con equipo
CCD puede ser empleada para identificar y seleccionar cerezas
de café sub-maduras sobre una base de color cuantitativa
donde las cerezas de café son cosechadas en masa y separadas

automidticamente.

Se debe ademis apreciar que aunque muchos de los siguientes
aspectos y ejemplos emplean cerezas de café en estado sub-
maduro, las cerezas de café completamente maduras también son

contempladas como adecuadas aqui, especialmente cuando tales

[0
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cerezas de café maduras estin sustancialmente libres de dafio
superficial (es decir, no mis del 5% del &rea de superficie)
o de infeccibn microbiana (es decir, infestacién que da como
resultado niveles de micotoxina de menos de 20 ppb de
aflatoxinas totales, menos de S ppm para fumonisinas totales,
menos de 5 ppm de vomitoxinae totales, y menos de 5 ppb de
ocratoxinas sobre una base de peso seco). Asi, todos los
productos alimenticios contemplados y/o las cerezas de café
pueden comprender cerezas de café completamente maduras asi
como también sub-maduras en proporciones varias. Por ejemplo,
las proporciones adecuadas incluyen 100% de maduras: 0% sub-
maduras, preferiblemente 90% maduras: 10% sub-maduras, mis
preferiblemente 75% maduras: 25% sub-maduras, afin méds
preferiblemente 50% maduras: 50% sub-maduras, Y mas
preferiblemente menos del 25% maduras: mis del 75% de sub-

maduras.

Como adicicnalmente se utiliza aqui, el término cereza de
café de T“secado rédpido” significa que la cereza de café
completa se seca bajo un protocolo que limita el crecimiento
de mohos, hongos, y/o levaduras en una proporcién tal que la
cereza de café seca exhibird niveles de micotoxina que estén
por debajo de 20 ppb de aflatoxinas totales, menos de 5 ppm
de fumonisinas totales, menos de 5 ppm de vomitoxinas

totales, Yy por debajo de 5 ©ppb de ocratoxinas.
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Consecuentemente, las cerezas de café de secado rapido son
tipicamente secadas dentro de 1las 0-48 horas (y més
preferiblemente entre 6-24 horas) de la cosecha de tal forma
gque el contenido de agua residual no es mayor del 20% (p/p).

y mids tipicamente no mayor de 6-12% (p/p).

Adicionalmente, como se utiliza aqui, el término “micotoxina”
pe refiere a cualquier producto téxico formado en un moho,
hongo, y/o levadura que exhibe toxicidad significativa a un
humano o© animal cuando se ingiere. Asi, las micotoxinas
especificamente contempladas incluyen aflatoxinas (y
particularmente Bl, B2, Gl1, y G2), fumonisinae (y
particularmente Bl, B2 y B3), ocratoxinas, desoxinivalenol
(DON, vomitoxina), T-2 toxina, y =zearalenona. El1 término
*aflatoxinas totales” por lo tanto se refiere a la suma de
todas las variantes de aflatoxina, el término *fumonisinas
totales” se refiere a la suma de todas las variantes de
fumonisina, y el término "ocratoxinas totales” por lo tanto

se refiere a la suma de todas las variantes de ocratoxina.

A manera de ejemplo de la materia objeto de la invencién, las
cerezas de café sub-maduras no dafiadas (por ejemplo, semi-
maduras o© casi maduras) son recogidas a mano en
aproximadamente una hora de secado r&pido utilizando un

secador de aire seco a aproximadamente 140° F hasta que se

U
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obtiene un peso constante. Las cerezas de café asi obtenidas
tipicamente poseen una estabilidad de almacenamiento
significativa, alta resistencia a la infeccién por hongos y

peso mds bajo de embarque que la cereza hGmeda.

Se qontempla generalmente que las cerezas de café sub-maduras
se pueden derivar de varias fuentes, y el uso particular de
las cerezas de café sub-maduras determinard al menos en parte
la o las fuentes particulares. Sin embargo, se prefiere que
las cerezas de café sub-maduras se deriven de especies de
café simples (por ejemplo, coffea arabica), que son
cultivadas bajo condiciones de crecimiento similares (por
ejemplo, crecen bajo sombra). Entre otras ventajas, se
contempla que la fuente simple de cerezas de café facilitara
el secado ridapido de las cerezas de café sub-maduras. Se debe
reconocer, #8in embargo, que una vez qu2 las cerezas de café
sub-maduras sean secadas riapidamente, varias especies de café
y/o cerezas de café de varias condiciones de crecimiento
pueden ser mezcladas para lograxr una mezcla con

caracteristicas particularmente prefericdas.

Adicionalmente, se debe apreciar que dependiendo del producto
particular o el uso para la cereza de café, el grado de
madurez de la cereza de café puede variar considerablemente.

Por ejemplo, cuando se desea la extraccién de polifenocles y/o

i
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dcido clorogénico de la cereza de café completa, se pueden
utilizar cerezas de café semi-maduras (etapa 1 o etapa 2). De
otra parte, cuando se utiliza la cereza de café para l.a
produccitn de una infusién de cereza de café y el sabor y
aroma son preeminentes, las cerezas de café casi maduras
pueden ser recogidas. Aln En aspectos adicionales, las
cerezas de café no maduras, o cualquier mezcla razonable de
grados de madurez variante puede ser utilizada. Especialmente
cuando la cereza de café es una cereza de café madura, Bse
contempla que la cereza completa esté preferiblemente libre
de defectos de superficie, que incluyen fisuras, rajaduras,
hueco, u otras aberturas. Sin embargo, aunque no se prefiere,
también se pueden utilizar las cerezas de café con defectos
de superficie. Aunque no limita la materia objeto de 1la
invencién, se prefiere generalmente que las cerezas de café
sub-maduras (o las mezclas de cereza de café) sean lavadas
con agua u otra solucién acuosa (por ejemplo, solucidn de
hipoclorito diluida) para remover las particulas de suciedad

u otros desechos antes del secado.

El secado ripido se debe desarrollar preferiblemente después
de recoger, hasta aproximadamente dos dias después de
recogida hasta que se obtenga un peso constante (o hasta que
la pulpa éxterior de la cereza se halla secado). Asi, y

dependiendo de la fuente de calor particular disponible, se

\[Z
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prefiere generalmente que el secado répido se desarrolle a
una temperatura entre aproximadamente 100° a 180° F durante
un periodo de 6€-48 horas. Por ejemplo, cuando la energia
eléctrica estd ficilmente disponible (u otra), las cerezas de
café sub-maduras pueden ser sgecadas en un secador de aire
caliente, en un tambor estacionario o© rotatorio, o en un
proceso de secado de ventana de refractancia.
Alternativamente, las cerezas de café sub-maduras también se
pueden secar por ceongelamiento, De otra parte, Y
especialmente cuando 1las fuentes de energia no estén
ripidamente disponibles, las cerezas de café sub-maduras
pueden ser secadas al sol. Sin embargo, sin importar el
método de secado particular, se debe reconocer que las
cerezas de café sub-maduras son secadas ré&apidamente para
evitar la produccién de micotoxinas provenientes de hongos,
mohos, y/o levaduras que ya estdn presentes y/o colonizar
(por ejemplo, por via de infeccién o esporulacién) la cereza
de café. Asi, 1las cerezas de café sub-maduras son
ventajosamente secadas sobre una superficie que esté limpia y
libre de fuentes de contaminacién de micotoxina. Como
aspectos alternativos adicionales de la materia objeto de 1la
invencién, las cerezas de café sub-madurae también pueden ser
congeladas y almacenadas/transportadas hasta que el secado

rdpido pueda ser implementado.

115
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Las cerezas de café sub-maduras de secado répido obtenidas
pueden entonces ser empleadas sin destoxificaciédn de
micotoxina adicional para wvarios usos y numerosos productos
alimenticios. Por ejemplo, cuando la cereza de café sub-
madura secada rapidamente completa se utiliza en productos
alimenticios, la cereza de café pe puede mezclar con otros
consumibles (por ejemplo, mezclada con grano para alimento
animal, o recubrimiento con chocolate para consumo humano).
En otro ejemplo especialmente preferido, la cereza de café
sub-madura secada rédpidamente es molida y utilizada como
aditivo alimenticio o como una base para mezclar infusién de

cereza de café (por ejemplo, para uso como infusién suelta,
se prefiere molida a un tamafio de 500-3000 pm, © para

infusién en bolsa, se prefiere molida a un tamafio de 200-1000

pm) .

Alternativamente, se debe reconocer gue solamente las partes
de la cereza de café sub-madura secada rdipidamente se pueden
emplear en un producto alimenticio. Por ejemplo, cuando la
cereza de café sub-madura esti en un estado casi maduro, se
contempla que la pulpa, mucilago, y/o cascarilla se pueda
separar de las semillas, las cuales son entonces
(opcionalmente mezcladas con otras semillas) tostadas para
granos de café con grado comercial. E1 resto de la pulpa,

mucilago, y/o cascarilla proveniente de la cereza de café

| 4
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sub-madura secada rdpidamente puede entonces ser empleada
como aditivo alimenticio o base para la extraccidn de uno o

mis componentes deseados (por ejemplo, polifenoles).

Se contemplan aln adicionalmente los usos de cerezas de café
sub-maduras secadas réipidamente asi obtenidas, se contempla
que las cerezas de café (o porciones de estas) se puedan
emplear como material de partida para la extraccién de varios
componentes benéficos. Por ejemplo, las cerezas de café sub-
maduras secadas ripidamente se pueden extraer con un solvente
acuoso (por ejemplo agua, mezcla de agua-etancl) o solvente
no acuoso (por ejemplo, CO, de punto critico,
dimetilformamida) para aislar uno o mis componentes que
puedan ser utilizados en un producto alimenticio. Por
ejemplo, las cerezas de café sub-maduras de secado répido
pueden suministrar una fuente excelente de polifenoles, &cido

clorogénico, y/o cafeina.

El término “polifenoles” como se utiliza aqui se refiere a un
grupo diverso de compuestos producidos por una planta, en
donde los compuestos incluyen un anillo de fenol en el cual
al menos un grupo OH, y mis tipicamente al menos dos grupos
OH est&n covalentemente unidos. Por ejemplo, los fenoles
representativos incluyen 4&acido elagico, 4&cido té&nico,

vanilina, &cido cafeico, 4&dcido clorogénico, dacido ferfilico,

| §
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catequinas {por ejemplo, epicatequina galato,
epigalocatequina), flavonolee (por ejemplo, antocianidinas,
quercetina, campferol), y diversos otros flavonoides, y sus
glic6sidos y despidos. Mis aiin, los polifenoles contemplados
pueden también estar en forma oligomér:ca o polimérica (por
ejemplo proantocianidinas oligoméricas o taninos

condensados) .

En otro aspecto preferido de la materia objeto de 1la
invencién, los inventores contemplan el uso de cerezas de
café submaduras secadas rapidamente =2n la produccién de
diversas bebidas. Por ejemplo, 8e observé gque los té
producidos en el estado 1 no maduro (verde) y semimaduro de
las cerezas de café secadas rdpido poseen relativamente un
bajo aroma y bajas caracteristicas de sabor. Asi, 1los
extractos © té por lo menos parcialmente condensados de
cerezas de café secadas completamente réipido en la etapa 1 no
madura (verde) y semimadura pueden agregar tan poca adicién
de sabor a una bebida comercialmente disponible para promover

las propiedades nutricionales.

A medida que la madurez se incrementa, mis aroma y sabor es
evidente en las cerezas de café submaduras secadas
rdpidamente. Consecuentemente, el té producido de las cerezas

de café casi completamente maduras en la etapa 2 semimaduro
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poseen un alto aroma y un sabor agradable, y los inventores
contemplan que las cerezas de café casi maduras y semimaduras
podrian ser usadas directamente después de un secado rdpido y
un molido para un *“*té de frutas de café completas”, por si
mismo o después de colocarlo en bolsas de té&€. Como se ilustra
mis adelante, tal té suministraria altoe niveles de
polifenoles tipicamente 60-70 mg por copa de 6 onzas. Mis
alin, los té preparados a partir de cerezas de café submaduro
secado répidamente generalmente poseen proporciones
relativamente altas de A&cido clorogénico con respecto a
cafeina (tipicamente 2-4,5) en comparaci6m con las bebidas
hechas de café tostado (tipicamente cerca de 0,4). Por lo
tanto, deberia apreciarse que el té preparado a partir de
cerezas de café submaduras secadas rdpidamente es mucho méas
nutricional (con base en los poliZfenoles y el &cido

clorogénico) del café tostado.

Por lo tanto, los inventores contemplan un producto
alimenticio que incluye una preparacibébn de una cereza de café
(preferiblemente submadura) que es secada ripidamente de modo
que un nivel de micotoxina de la cereza de café sea menor de
20 ppb para el total de aflatoxinas, menos de 10 ppb para el
tota de ocratoxinase, y menos de 5 ppm para el total de
fumonisinas. Alternativamente, los niveles de micotoxinas

contemplados también pueden estar en el rango entre 20 a 50
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ppb, pero mis preferiblemente mencs de 15 .ppb, y aGn mucho
mis preferible menos de 10 ppb, y mucho mis preferible menos
de 5 ppb para el total de aflatoxinas. Similarmente, los
niveles de micotoxinas contemplados también incluyen un rango
entre 10 a 30 ppb, pero mis preferiblemente menos 5 ppb, aln
mids preferiblemente menos de 3 ppb, y atn mis preferiblemente
menos de 2 ppb para el total de ocratoxinas. Similarmente,
los niveles de micotoxinas contemplados también incluyen un
rango entre 5 a 20 pbm, pero mis preferiblemente menos 15
ppb, aln mis preferiblemente mencs de 10 ppm, y mucho mis
preferiblemente menos de 5 ppm para el total de fumonisinas

y/o vomitoxinas.

Como ya se discutib, la preparaciétn de la cereza de café
submadura pueden incluir la cereza de café& completa,
comprende un fragmento molido de la cereza de café completa,
o incluye el grano, la pulpa, el niucila.go, y/o la cascara de
la cereza de café submadura secada réipidamente.
Alternativamente, 8se puede reconocer que la preparacién
también comprende un extracto de la cereza de café& submadura

secada riapidamente (o fragmento o porcién de ella).

Los productos alimenticios contemplados especialmente
incluyen bebidas preparadas a partir de la cerezas de café

submaduras de secado rapido contempladas (o fragmentos o
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porciones de ella), o bebidas a las cuales los extractos o
piezas de las cerezas de café& submaduro de secado ré&pido
contempladas (o fragmentos o© porciones de ella) han sido
agregadas. Similarmente, los productos alimenticios
contemplados adicionalmente incluyen bienes orneados (por
ejemplo, pan, galletas, etc.), pasabocas (por ejemplo dulces
o0 barras de energia) cereales, y otros nutrientes sblidos a
los cuales los extractos o piezas de las cerezas de café
submaduro de secado réipido contempladas (o fragmentos o
porciones de ellas) se han agregado. Alternativamente, los
productos alimenticios contemplados también incluyen un
suplemento nutricional en forma 1liquida o sblida que
comprende un extracto de cereza de café submadura secada

rapidamente.

Dependiendo del propésito particular, deberia reconocerse que
tales productos alimenticios pueden ser preparados a partir
de cerezas de café submaduros secadas rapidamente que tienen
un color principal verde con menos de 25% de color rojo, més
preferiblemente con menos de 25% de color verde y mas
preferiblemente a partir de cerezas de café submaduras
secadas réapidamente que tienen principalmente (no menos de
90%, mucho mis tipicamente no menos de 95%) de color rojo con
menos de 5% de 4&rea manchada. Adicionalmente, las

composiciones contempladas y los métodos contemplados que se
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describen en nuestra solicitud de Patente Estadounidense
copediente con el titulo "Métodos para Productos de Cereza de
Café”, presentada el 16 de Abril, 2003, la cual se incorpora

aqul como referencia.

Ejemplos

Los siguientes ejemplos son suministrados para permitir que
una persona versada en la técnica haga y use las
composiciones de acuerdo con 1la materia objeto de 1la
invencién y para ilustrar como ejemplos composiciones vy

métodos generalmente descritos aqui.

Cosecha de Cerezxas de Café Completas

La madurez de las cerezas de café fue determinada por medio
de estimar visualmente la cantidad de color verde y rojo (o
amarillo, en donde sea aplicable) de las cerezas completas. A
medida que las cerezas maduran, las cerezas verde tipicamente
incrementan en tamafio y subsecuentemente desarrollan
cantidades incrementales de color rojo. Para los ejemplos
presentes, las cerezas de café fueron recolectadas en cuatro

etapas de madurez:
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Completamente, © casi completamente verde (no maduras;
tipicamente menos de 5% de rojo o amarillo en la cereza de
café), principalmente verde con algiin rojo (semimadura, etapa
l; tipicamente menos de 25% de rojo o amarillo en la cereza
de café), principalmente roja con algin verde (semimadura,
etapa 2; tipicamente menos de 25% de verde en la cereza de
café), y no rota, roja sin manchar (casi madura; tipicamente
mencs de 10% de verde en la cereza de café; las &areas de
manchado, corte, o de otra manera superficies rotas en menos
de 5%). Tanto como sea posible, las cerezas completas, no

rotas y no cortadas fueron recolectadas.

Secado RApido de las Cereza de Café Completas

Las cerezas de café completas para la extraccién de 1la
muestra fueron preparadas por medio de secar las cerezas en
un periodo de 1 a 12 horas después de ser cosechadas en
bandejas separadas o en un secador de aire de acuerdo con el
siguiente procedimiento. Las cerezas de café (400 a 600 g)
fueron pesadas en recipientes de boca anchas y fueron lavadas
dos veces con agua corriente, seguido por un lavado finico con
agua destilada. Las cerezas de café asi lavadas fueron
colocadas en wuna bandeja de un secador de aire para
drenarlas, y luego se secaron a 150-1€0° F durante 16 a 18

horas a peso constante. El secado se detuvo cuando el peso en
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dos intervalos consecutivos de una hora diferia en menos de 1
g. La produccién tipica de cereza completa secada fue de 160-
220 gq.

Un andlisis adicional indic6 un 6 a 12% de contenido de agua

residual en las cerezas secadas.

Andlisis de Micotoxinas

Para poder determinar la viabilidad de la cereza de café
completa en estados: no maduro, semimaduro, y casi maduro
(ver antes) para el uso en un producto nutricional (y
especialmente para el uso en té), el nivel de micotoxinas
seleccionado fue medido y comparado contra productos
comparativos y productos intermedios de cereza de café madura
y roja de produccién de café. Como se puede ver claramente en
la tabla 1 ensegquida, las cerezas de café secadas ridpidamente
de todas las etapas cosechadas submaduras tenian un nivel de
micotoxina inferior al limite de deteccién de un 1 ppb (como

se midié para la aflatoxina y la ocratoxina)

La concentraciSn de micotoxina fue determinada en un
laboratorio independiente tanto por andlisis ELISA y HPLC.
Con base en los resultados que se muestran adelante, 1los
inventores concluyeron que todas las muestras de las

diferentes etapas de cosechas submadura son adecuadas para el
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uso directo en un producto nutricional tanto para consumo

humano como veterinario. En contraste, los productos

intermedios de la produccién de café (predominantemente,
consistentes de pulpa, mucilago, y céscaras de las cerezas de
café) a partir de cerezas maduras de color rojo con manchas

(tipicamente mayor a 20% de la superficie de la cereza)

tenian un contenido sustancial tanto en aflatoxinas como

ocratoxinas. Similarmente, el producto comparativo “Té& para
Ir al Paraiso” (hecho de pulpa de cereza de café) exhibid
micotoxinas en concentraciones de dos digitos.
Tabla 1

MADUREZ COLOR AFLATOXTINA OCRATOXINA
Secada Verde < 1 pph < 1 ppb
ripidamente no
madura
Secada La mayor parte c 1 b < 1 b
répidamente, verde con PP PP
Etapa 1] algin rojo
Semimadura
Secada La mayor parte < 1 D < 1 ppb
ripidamente, roja con algtin PP
Etapa 2 | verde
semnimadura
Casi madura | Roja, con < 1 ppb < 1 ppb
secada dreas
ripidamente manchadas <5%
Madura (productos { Roja, rea > 200 ppb > 500 ppb
intermedios de | manchada >20%
produccidén de
café)
Te para Ir al N/A > 25 ppb > 40 ppb
Paraiso (materia
seca)




27

An&ligis de Polifepol (PP), Acido Clorogénico (CG), y Cafeina
(CF) para Cerezas de Café Completas Submaduras Secadas

Ripidamente

En una serie adicional de experimentos, los niveles de
polifenocles, &cido clorogénico, y cafeina totales de 1la
cereza de café completa secada ripidamente en diversas etapas
submaduras fueron medidas y comparadas contra granos de café
verdes y tostados. La Tabla 2 resume los resultados de este

andlisis.

De manera muy interesante, mientras. el nivel de polifenol
(PP) de las cerezas de café secadas ripidamente en todas las
etapas de cosecha submaduras era algo menos gque el nivel en
los granos verdes o tostados d= café, cantidades
significantes de polifenoles en las cerezas de café
submaduras secadas ripidamente todavia permanece.
Similarmente, el contenido de &cido clorogénico (CG) de la
cereza de café completa secada rapidamente en diversas etapas
de submadurez permanecié susatancialmente en altos niveles en
comparacién con el café tostado, pero fue algo menor en
comparacién con granos verdes. El nivel de cafefina (CF) de
las cerezas de café secadas rapidamente en todas las etapas
de cosecha submadura estuvo sustancialmente dentro del nivel

de cafefina de los granos de café verde y tostado (debe

) 24
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anotarse que todes los datos dados se toman sobre la base de
materia seca y no son normalizados en cuanto a peso seco del

grano) .

Andlisis de de polifenol: la cereza de café completa secada
{o granos verdes o granos tostados) (1,00 g) fueron molidos
en un molino de café de cuchillas de acero giratorias durante
30 segundos para producir una muestras molida. La muestra
molida fue agregada a 100 ml de agqua destilada y la mezcla
resultante se calenté hasta la ebullicién en un frasco
Erlenmeyer durante 30 minutos. Se retird6 el calor y la mezcla
se le permitié enfriarse a temperatura ambiente. ILa
suspensidén resultante fue transferida a un cilindro graduado
de 100 ml y se agreg6é agua hasta llenar un volumen de 100 mL.
La mezcla fue entonces transferida de nuevo al frasco
Erlenmeyer, agitada brevemente y se permitid que los s6lidos
se asentaran. Una alicuota (aproximadamente 3 ml) de la
solucién supernadante fue filtrada a través de un filtro
Acrodisc de 0,45 um y la solucibn clara resultante fue
diluida 1:10 con agua destilada usando un frasco volumétrico

(1,00 mL diluido con 9,00 mL de agua destilada).

El método Polin-Ciocalteu fue usado para medir el contenido
de polifenol de la solucién diluida como sigue. Un mL de la

solucién diluida fue agregado a un tubo de ensayo, mezclado

11§



29

con 1 mL de reactivo de fenol al 0,ZN de Folin-Ciocalteu
(solucién Sigma, 2N, diluido 1:10 con agua) y se le permitid
permanecer 5 minutos a temperatura ambiente. Un mL de NaHCO,
al 1N se agregd y la mezcla de reaccidén se dejé a temperatura
ambiente durante 2 horas. El nivel de polifenol fue
determinado usando un espectrofotfémetro de UV visible
estandarizado contra catecol, a un Amax=750 nm contra agua

destilada como blanco.

Acido clorogénico: la determinacién del &cido cloregénico fue
hecha usando separacién HPLC de la solucidén clara filtrada
preparada anteriormente usando protocolos analiticos y de
separacién estdndar bien <conocidas en la técnica.
Similarmente, la determinacién de cafeina fue hecha usando
separacién HPLC de 1la solucién c¢lara filtrada preparada
anteriormente usando protocolos analiticos y de separacién
estidndar bien conocidos en la técnica (por ejemplo) para
protocolos ilustrativos ver por ejemplo, Bispo M.S., et al en
J. Chromatogr. Sci.; 2002, enero; 40(1):45-8, o Nakakuki, H.

et al en J. Chromatogr. A.; 1999, Jul 2;848(1-2):523-7).

(Lo
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Tabla 2
MADUREZ COLOR % PP %Co %CF Ca/CF

No madura, secado | Verde 3,80 2,64 1,03 2,56
rdpido
Etapa 1 semimadura, | La mayor | 3,28 2,70 1,00 2,70
secado répido parte verde

con algln

rolo
Etapa 2 semimadura, | la mayor | 3,54 2,00 0,70 2,86
secado ripido parte roja

con algGn

verde
Casi wmadura, secado | Roja, con| 3,35 N/D N/D N/D
répido &reas

manchadas

<5%
Granca de café verde | Verde 4,58 3,31 0,95 3,48
Granos de café | caté 3,93 0,50 1,20 0,42

tostado

Aniligis de Polifenol (PP), Acido Clorogémico (CG), y Cafeina
(CF) para un Té Fabricado a partir de Cerezas de Café

Completas Submaduras Secadas Ré&pidamente

La cereza de café submadura secada ripidamente fueron molidas
en un molino para café de cuchillas de acero giratorias
durante 10 a 30 segundos para producir una muestra molida. A
la muestra molida (1,00 g) se agregaron 90 ml (3 onzas
fluidas aproximadamente) de agua destilada hirviendo y la
mezcla resultante se le permitid decantarse en un frasco
Erlenmeyer durante 10 minutos para producir un té& de cereza

de café una alicuota (aproximadamente 3 mL) de la solucién
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supernadante fue filtrada a través de un filtro Acrodisc de
0,45 um y la solucibén clara resultante fue diluida 1:10 con
agua destilada usando un frasco volumétrico (1,00 mL diluido
con 9,00 mL de agua destilada). El1 método Folin Ciocalteu
comc Be describié anteriormente fue wusado para medir el
contenido de polifencl (sobre base de materia seca,
equivalentes de catecocl) del té de cereza de café asi

preparado. La Tabla 3 resume los resultados.

Tabla 3

MADUREZ DIBOLVENTE % PP %CG %CF CcaQ/CF
No madura, secado | Agua 10,91 8,61 ] 3,04 2,83
ripido 3
Etapa 1 semimadura, | Agua 9,38 17,58 1) 2,72 2,78
secado ripido
Etapa 2 semimadura, | Agqua 8,51 ]16,74]11,71 3,95
secado rdpido
Casi madura, secado | Agua 6,92 1,34 0,29 4,61
rdpido

FPabricacién de té a Partir de Cereza de Café Completa de

Diferente Maduracibn

El siguiente procedimiento fue usado para preparar té a
partir de cerezas de café completas de diferente maduracién
para ensayos de aroma y gusto. La cereza de café secada

completa (10-20 g) fue molida en un molino para café de

|29
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cuchillas de acero giratorias durante 10 a 30 segundos para
producir una muestra molida. Las cerezas de café molida (2,0
g) fueron colocadas en una copa de cerimica y se agreg® agua
cercana a ebullicién (6 onzas, 190-200° F) la suspensién fue
agitada y se le permiti6é decantarse durante 3 minutos,
después de cuyo tiempo el aroma y el gusto del 1liquido
supernadante se notaron. Los resultados son como se muestran

en la Tabla 4.

Yz

Tabla 4
TE PP/6
COLOR AROCMA
MADUREZ GUBTO ONZAS
No wmadura, secado | Vexde Nirguno Casi no 76 mg
répido hay
sabor
Etapa 1 semimadura, | La mayor parte verde | Muyy suave | Ligero 66 mg
secado réipido con alglin rojo olor a]sabor a
fruta fruta
Etapa 2 semimadura, | La mayor parte rojo | Suave olor j Sabor a 71 mg
secado répido con algfin verde a fruta fruta
suave
Casi madura, seecado | Roja, con dreas | Fruta Rico 67 mg
répido manchadas <5% sabor a
fruta

Asi, las modalidades y aplicaciones especificas de los
productos de cereza de café bajos en micotoxinas han sido
descritas. Debe ser evidente, s8in embargo, para aquellos
versados en la técnica que muchas mds modificaciones aparte

de aquella ya descritas son posibles sin salirse del concepto
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inventivo dado aqui. La materia objeto de la invencién, por
lo tanto, no debe estar restringida excepto en el espiritu de
las reivindicaciones adjuntas. Mds afin, interpretando tanto
la especificaciébn como 1las reivindicaciones, todos 1los
términos deben ser interpretados de 1la manera mids amplia
posible en consistencia con el contexto. En particular, los
términos *comprenden” Y “que comprende” deben ser
interpretados en cuanto a que se refieren a elementos,
componentes, o etapas de una manera no exclusiva, indicando
que los elementos referenciados, componentes, o etapas pueden
estar presentes, o ser utilizados, o combinados con otros
elementos, componentes, © etapas que nc son referenciados de

manera expresa.

\ 50
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REIVINDICACIONES

Lo que se reivindica es:

1l. Un producto alimenticio que comprende una preparacién de
una cereza de café que es secada de manera répita tal
que un nivel de micotoxina de la cereza de café es menor
a 20 ppb para el total de aflatoxinas, menos de 10 ppb
para el total de ocratoxinas, y menos de 5 ppm para el

total de fumonisinas.

2. El producto alimenticio de la reivindicacién 1 en donde
la preparacién de 1la cereza de café comprende un

fragmento molido de la cereza de café.

3. El producto alimenticio de la reivindicacién 2 en donde
la preparacién de la cereza de café comprende un
extracto a partir de un fragmento molido de la cereza de

café.

4. El producto alimenticio de la reivindicacién 1 en donde
la preparacién de la cereza de café comprende por lo
menos uno entre un grano de la cereza de café, una pulpa
de la cereza de caf&, un mucilago de la cereza de café y

una cédscara de la cereza de café
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El producto alimenticio de la reivindicacién 1 en donde
la preparacién de la cereza de café comprende un
extracto de por lo menos uno entre un granc de la cereza
de café, una pulpa de la cereza de café, un mucilago de

la cereza de café y un cdscara de la cereza de café.

. E1l producto alimenticio de la reivindicacién 1 en donde

la cereza de café es una cereza de café submadurada y
tienen principalmente un color verde con menos de 25% de

color rojo.

. E1 producto alimenticio de la reivindicacién 1 en donde

la cereza de café es una cereza de café submadurada y
tienen principalmente un color rojo con menos de 25% de

color verde.

. E1l producto alimenticio de la reivindicaciétn 1 en donde

la cereza de café es una cereza de café submadurada y
tienen principalmente color rojo con mencs de 5% de

dreas manchadas.

El producto alimenticio de la reivindicacifén 1 en donde
la cereza de café es psecada de manera rédpida en un

secador usando aire caliente.
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10. El producto alimenticio de la reivindicacién 1 en
donde la cereza de café es secada de manera ripida en un

secador usando radiacién solar.

11. El producto alimenticio de la reivindicacién 1 en
donde la cereza de café es secada ripidamente por medio
de exponer la cereza de café a por lo menos uno entre

alre ambiente y luz solar.

12. El producto alimenticio de la reivindicaci6n 1 en
donde el producto alimenticio es un té manufacturado a

partir de cerezas de café.

13. El producto alimenticio de la reivindicacién 1 en
donde el producto alimenticio es wuna bebida que

comprende un extracto de cereza de café.

14. El producto alimenticio de la reivindicacién 1 en
donde el ©producto alimenticio es un suplemento
nutricional en forma sélida o liquida y comprende un

extracto de cereza de café.

15. Un té manufacturado a partir de una cereza de café

secada de manera rapida molida con un porcibén de ella.

| 5%
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16. Bl té de la reivindicacién 15 =n donde la cereza de
café tienen un nivel de micotoxina menor de 20 ppb para
el total de aflatoxina menor de 10 ppb para el total de
ocratoxinas y menor de 5 ppm para el total de

fuminisinas.

17. El té de la reivindicacién 16 que tienen una

concentracién de polifenol de por 1o menos 10 mg/onza.

18. El té de la reivindicacistn 15 en donde la cereza de

caf& es una cereza de café submadurada.

19. Una cereza de café secada de manera rdpida o
porcién de ella que tiene un nivel de micotoxinas de
menos de 20 ppb para el total de aflatoxinas, menos de
10 ppb para el total de ocratoxinas, y menos de 5 ppm

para el total de fumonisina.

20. La cereza de café secada de manera rédpida de la
reivindicacién 19 en donde la cereza de café es una

cereza de café submadurada.
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Una cereza de café es cosechada, preferiblemente en un estado
submadurado, y es secada répidamente para suministrar una
base para numerosos productos nutricionales. Tales cerezas de
café o porciones de ellas pueden Ber caracterizadas
particularmente por su concentracién extremadamente baja de
micotoxinas, incluyendo varias aflotoxinas, fumonisinas,

ocratoxinas, y/o vomitoxinas (DON, deoxinivalenol).

V25
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Attorney Docket Na.: 100700.0024PCT

LOW-MYCOTOXIN COFFEE CHERRY PRODUCTS

Field of The Invention

The field of the invention is food products, and especially food products prepared from
whole quick-dried sub-ripe coffee cherries, or fragments/portions thereof.

Background of The Invention

Various parts of the coffee tree have been used for nutritional purposes for a relatively
long time (see e.g., Pendergrast, M. Uncommon Grounds. Basic Books: New York, 1999). For
example, coffee tree leaves and fresh, ripe coffee cherries were boiled to make tea. In other
examples, the pulp of the coffee cherry can be fermented to produce wine as described in
Chinese Patent CN 1021949, In a still further well known example, the seeds (i.e., the beans) of
the coffee tree are extracted from the cherry, dried, roasted, ground, and extracted with hot water
to provide the beverage that many users enjoy as coffee.

Unfortunately, coffee cherries, and especially the pulp and husk tend to rapidly spoil in
the presence of molds, fungi, and other microorganisms, and therefore contain almost always
significant levels of mycotoxins (see e.g, Pittet, A., Tomare, D., Huggett, A., Viani, R. Liquid
Chromatographic Determination of Ochratoxin A in Pure and Adulterated Soluble Coffee Using
anf Immunoaffinity Column Cleanup Procedure. J. Agric. Food Chem. 1996, 44, 3564-3569; or
Bucheli, P., Kanchanomai, C., Meyer [, Pittet, A. Development of Ochratoxin A during Robusta
(Coffea canephara) Coffee Cherry Drying. J. Agric. Food Chem. 2000, 48, 1358-1362). Thus,
beverages produced from the coffee pulp, husk, mucilage, and/or whole coffee cherry generally
failed to find acceptance as beverage ingredients (Although one product is advertised as "coffee
cherry tea" [hitp://www.paradiserelocation.com/paradisetogosfoodproducts.htm], the product is
actually made from coffee cherry pulp and was recently determined to have substantiai quantities

of mycotoxins).

Even in situations where the pulp, mucilage, and huil is removed, mycotoxins may still
be present on and/or in the coffee bean. Consequently, considerable efforts have been undertaken
to detoxify coffee beans and other food products. For example, where the mycotoxin is already
present in the food product, selected mycotoxins can be extracted from the food product using

$09/099995-4000
273033.01 «04/10/03 -1-



15

20

25

Attomey Docket No,: 100700.0024PCT

various solvents and procedures as described in U.S. Pat. No. 4,436,756 to Canella et al. On the
other hand, various mycotoxins can be adsorbed from the food product onto a mineral carrier as
described in U.S. Pat. No. 5,935,623 to Alonso-Debolt.

In still other methods, selected mycotoxins can be degraded using enzymes as described
in U.S. Pat. No. 5,716,820 to Duvick et al. The inventors in th= '820 reference even contemplate
that the genes encoding for such enzymes may be cloned to produce transgenic plants that are
then thought to be less contaminated with mycotoxins. Alternatively, microorganisms may be
employed to destroy enzymatically mycotoxins found in food products as described in U.S. Pat.
No. 6,025,188 to Duvick et al.

Where mycotoxins are not yet produced by a microorganism present on a plant or other
food stuff, pesticides or other compaositions that control microbial growth or production of
mycotoxins in microorganisms may be employed. For example, Emerson et al. describe in U.S.
Pat. No. 5,639,794 use of a saponin as a synergist to control colonization and/or growth of plant
and animal pathogens. Alternatively, as described in U.S. Pat. No. 4,199,606 to Bland, propionic
acid on a carrier may be employed as a diffusible growth inhibitor for various microorganisms,
Further known compositions (see e.g., U.S. Pat. No. 5,698,599 to Subbiah or U.S. Pat. No.
3,798,323 to Leary) may be employed to suppress or at least reduce synthesis of mycotoxins in a

microorganism.

Alternatively, mycotoxin-containing food products may be blended with uncontaminated
food products to a concentration that is acceptable and/or below the maximum allowable amount
of mycotoxins in food products (see e.g., Herrman, T. and Trigo-Stockli, D.; Mycotoxins in Feed
Grains and Ingredients; Kansas State University, May 2002), or (at least potentially) mycotoxin-
containing coffee cherry products may be employed in a non-food product. In still other uses, the
mycotoxin content may not be considered relevant as the coffee cherry product is incinerated and
thus the mycotoxins are at least partially destroyed as described in U.S. Pat. No. 4,165,752, GB
2026839, or CA 1104410. Here, the inventor teaches that the coffee cherries may be compressed,
dehydrated, ground, and roasted to yield a smokable product.

However, while most of the known methods reduce the concentration of mycotoxins to at

least some degree, numerous disadvantages remain. Among other things, additional processing

509/099999-1000
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steps will require dedicated equipment, thereby increasing processing time and costs. Moreover,
and especially where pesticides and/or fungicides are used, rew problems with residual toxic

chemicals may arise.

Thus, despite numerous beneficial properties of coffee cherries and its components, whole
coffee cherries are generally not used as food products as mycotoxins are typically present in
substantial quantities in the ripe and overripe fruit. Therefore, there is still a need to provide
improved methods and compasitions for coffee cherries, and especially for products comprising

coffee cherries with low or no mycotoxin content for human and veterinary consumption,

Summary of the Invention

The present invention is directed to compositions and methods that include quick-dried
(preferably sub-ripe) coffee cherries or portions thereof, whezein the coffee cherries are

substantially devoid of, or have a very low content of mycotoxins.

In one aspect of the inventive subject matter, a food product comprises a preparation of a
coffee cherry that is quick-dried such that a mycotoxin level of the coffee cherry is less than 20
ppb for total aflatoxins, less than 10 ppb for total ochratoxins, and less than 5 ppm for tota)
fumonisins. Preferred preparations in such food products include the bean, pulp, mucilage,
and/or hull of the quick-dried coffee cherry, or ground fragments of the coffee cherry, or an
extract thereof. It is further preferred that the coffee cherry is a sub-ripe coffee cherry. Preferred
food products include a tea brewed from the quick-dried (preferably sub-ripe) coffee cherries, or
a beverage comprising an extract of the coffee cherry. Alternatively, suitable food products also

include nutritional supplements in liquid or solid form comprising an extract of the coffee cherry.

Contempiated sub-ripe coffee cherries have a primarily green color with less than 25%
red color, more preferably a primarily red color with less than 25% green color, and even more
preferably a primarily red color with less than 5% blemished area. The (sub-ripe) coffee cherries
may be quick-dried using various methods, however, it is generally preferred that the coffee

cherries are quick dried using heated air or exposure to sun and/or ambient air,
In another aspect of the inventive subject matter, a tea is brewed from a comminuted or

ground quick-dried (preferably sub-ripe) coffee cherry or portion thereof, wherein the coffee

SOSAI0IDD-4000
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cherry has a mycotoxin level of less than 20 ppb for total aflatoxins, less than 10 ppb for total
ochratoxins, and less than 5 ppm for total fumonisins, and preferably has a polyphenol
concentration of at least 10 mg/oz (most preferably at a chlorogenic acid to caffeine ratio of at
least 2.7).

Thus, viewed from another perspective, it is contemplated that a quick-dried coffee
cherry or portion thereof has a mycotoxin level of less than 20 ppb for total aflatoxins, less than
10 ppb for total ochratoxins, and less than 5 ppm for total furonisins, preferably having a
chlorogenic acid content of at least 2% (wt/wt) and a polyphenol content of at least 3.2% (wt/wt).

Various objects, features, aspects and advantages of the present invention will become
more apparent from the following detailed description of preferred embodiments of the

invention.

Detailed Description

The inventors have discovered that low-mycotoxin or even mycotoxin-free tea and other
food products may be produced from whole, substantially non-damaged coffee cherries that are
preferably picked at a sub-ripe stage, and wherein the coffee chermry is quick-dried after harvest,
Among other advantages, the inventors discovered that such coffee cherries significantly reduce
the likelihood of infestation of the coffee cherry with mold and fungi known to produce
mycotoxins. Still further, the inventors discovered that sub-ripe coffee cherries (in contrast to
completely unripe coffee cherries) provide a desirable level of flavor and an aroma profile in the
coffee cherry product (e.g., coffee cherry tea) as well as relatively high levels of polyphenols,
polysaccharides, and other nutrients.

The term "food product” as used herein refers to any product that is ingested by a human
and/or animal for nutritional, health-maintenance, health-improvement, and/or recreational
purpose. Particularly preferred food products include those consumed by human, wherein such
food products may be solid products (e.g., dietary supplement, snack bar, bagged tea, etc.) or
liquid products (e.g., tea or other beverage, syrup or elixir, etc.).

As also used herein, the term “coffee cherry” refers to the fruit of the coffee tree (Coffea

spec., Family Rubiaceae) in which exocarp and outer mesocarp (i.e., the pulp) surround the inner

173013.01 #04/1083 4-
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mesocarp {i.e. the mucilage) and endocarp (i.e., the hull), which in turn surround the seeds (i.e.,
the beans). Thus, the term coffee cherry specifically refers to a whole coffee cherry, which may
or may not include the stem of the cherry.

The term "sub-ripe coffee cherry” refers to a coffee cherry that has not yet reached the
ripe stage, which is generally characterized by susceptibility to or presence of a fungal infection
and/or presence of mycotoxins. Thus, a sub-ripe coffee cherry is at a ripeness stage in which the
coffee cherry - when quick-dried - will exhibit mycotoxin levels that are below 20 ppb for total
aflatoxins, below 5 ppm for total fumonisins, below 5 ppm for total vomitoxins, and below 5 ppb
for ochratoxins. Consequently, quick-dried coffee cherries are typically dried within 0-48 hours
(and more preferably between 6-24 hours) of the harvest such that the residual water content is
no higher than 20% (wt/wt), and more typically no higher than 6-12% (wt/wt).

Viewed from an other perspective, sub-ripe coffee cherries generally have a complete or
almost complete (at least 95% of the cherry) red color (or in some cases yellow celor), and
typically include various surface defects (e.g., blemishes, cuts, and/or holes covering an area of
more than 5% of the cherry). Thus, a sub-ripe coffee cherry will typically exhibit at least some
green color (at least 5%, more typically at least 10%) and will typically be free of any surface
defects (e.g., blemishes, cuts, and/or holes covering an area of less than 5% of the cherry). Sub-
ripe coffee cherries may also be characterized in that they will remain on the coffee tree fora
subsequent round of picking where the coffee cherries are hand picked and used for the
production of coffee beans. Alternatively, a color sorting machine with CCD equipment may be
employed to identify and select sub-ripe coffee cherries on a quantitative color basis where the
coffee cherries are mass-harvested and automatically sorted.

It should further be appreciated that while many of the following aspects and examples
employ coffee cherries in a sub-ripe state, completely ripe coffee cherries are also contemplated
suitable herein, especially where such ripe coffee cherries are substantially devoid of surface
damage (i.e., no more than 5% of surface area) or microbial infection (i.e., infestation that results
in mycotoxin levels of less than 20 ppb for total aflatoxins, less than S ppm for total fumonisins,
less than 5 ppm for total vomitoxins, and less than 5 ppb for ochratoxins on a dry weight basis).

Thus, all contemplated food products and/or coffee cherries may comprise completely ripe as

0999951000
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well as sub-ripe coffee cherries in varying proportions. For 2xample, suitable proportions include
100% ripe : 0% sub-ripe, preferably 90% ripe : 10% sub-ripe, more preferably 75% ripe : 25%
sub-ripe, even more preferably 50% ripe : 50% sub-ripe, and most preferably less than 25% ripe :
more than 75% sub-ripe.

As further used herein, the term "quick-dried” coffee cherry means that the whole coffee
cherry is dried under a protocol that limits growth of molds, fungi, and/or yeast to an extent such
that the dried coffee cherry will exhibit mycotoxin levels that are below 20 ppb for total
aflatoxins, below 5 ppm for total fumonisins, below 5 ppm for total vomitoxins, and below 5 ppb
for ochratoxins. Consequently, quick-dried coffee cherries are typically dried within 0-48 hours
(and more preferably between 6-24 hours) of the harvest such that the residual water content is
no higher than 20% (wt/wt}, and more typically no higher than 6~12% (wt/wt).

As still further used herein, the term “mycotoxin" refers to any toxic product formed in a
mold, fungus, and/or yeast that exhibits significant toxicity to a human or animal when ingested.
Thus, specifically contemplated mycotoxins include aflatoxins {(and particularly B1, B2, G1, and
G2), fumonisins (and particularly Bl, B2, and B3), ochratoxin, deoxynivalenol (DON,
vomitoxin), T-2 toxin, and zearalenone. The term "total aflaioxins" therefore refers to the sum of
all aflatoxin variants, the term "total fumonisins" refers to the sum of all fumonisin variants, and

the term "total ochratoxins” therefore refers to the sum of all ochratoxin variants.

In one exemplary aspect of the inventive subject matter, whole undamaged sub-ripe (e.g.,
semi ripe or almost ripe) coffee cherries are hand picked and within about one hour quick-dried
using a dry air drier at about 140°F until constant weight is obtained. The so obtained coffee
cherries typically possess significant storage stability, high resistance to infection by fungi, and
lower shipping weight than wet cherry.

It is generally contemplated that the sub-ripe coffee cherries may be derived from various
sources, and the particular use of the sub-ripe coffee cherries will at least in part determine the
particular source{s). However, it is preferred that the sub-ripe coffee cherries are derived from a
single coffee species (e.g., coffea arabica), which is cultivated under similar growth conditions
(e.g., shade-grown). Among other advantages, it is contemplated that a single source of coffee
cherries will facilitate quick-drying the sub-ripe coffee cherries. It should be recognized,

000 .
173033.01 s4/1003 -6-

e
H



10

15

20

25

Attorney Docket No.: 100700.0024PCT

however, that once the sub-ripe coffee cherries are quick-dried, various coffee species and/or
coffee cherries from various growth conditions may be blended to achieve a mixture with

particularly preferred characteristics.

Furthermore, it should be appreciated that depending on the particular product or use for
the coffee cherry, the degree of ripeness of the coffee cherry may vary considerably. For
example, where extraction of polyphenols and/or chlorogenic acid from the whole coffee cherry
is desired, semi-ripe (stage 1 or stage 2) coffee cherries may be used. On the other hand, where
the coffee cherry is used for the production of a coffee cherry tea and flavor and aroma are
paramount, almost ripe coffee cherries may be picked. In still further contemplated aspects,
unripe coffee cherries, or any reasonable mixtures of varying ripeness degrees may be used.
Especially where the coffee cherry is a ripe coffee cherry, it is contemplated that the whole
cherry is preferably free of surface defects, including cracks, splits, holes, or other openings.
However, while not preferred, coffee cherries with surface defects may also be used. While not
limiting to the inventive subject matter, it is generally preferrad that the sub-ripe coffee cherries
(or coffee cherry mixtures) are washed with water or other aqueous solution (e.g., diluted
hypochlorite solution) to remove soil particles and other debris before drying.

Quick-drying is preferably performed immediately after picking to up to about two days
after picking until a constant weight is obtained (or until the cuter pulp of the cherry has dried).
Thus, and depending on the particular heat source available, it is generally preferred that quick-
drying is performed at a temperature of about 100° to about 180°F for a period of about 6-48
hours. For example, where electrical (or other) energy is readily available, the sub-ripe coffee
cherries may be dried in a warm eir drier in a stationary or rotating drum, or in a refractance
window drying process. Alternatively, the sub-ripe coffee cherries may also be freeze dried. On
the other hand, and especially where energy sources are not readily available, the sub-ripe coffee
cherries may be sun dried. However, regardless of the particular drying method, it should be
recognized that the sub-ripe coffee cherries are quick-dried to prevent production of mycotoxins
from fungi, molds, and/or yeast that are already present and/or colonize (e.g., via infection or
sporulation) the coffee cherry. Thus, sub-ripe coffee cherries are advantageously dried on a

surface that is clean and free of sources of mycotoxin contamination. In further alternative

3090999994000
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aspects of the inventive subject matter, the sub-ripe coffee cherries may also be frozen and
stored/transported until quick-drying can be implemented.

The so obtained quick-dried sub-ripe coffee cherries may then without further mycotoxin
detoxification be employed for various uses in numerous focd products. For example, where the
whole quick-dried sub-ripe coffee cherry is used in a food product, the coffee cherry may be
admixed with another consumable (e.g., admixture with grain for animal feed, or coating with
chocolate for human consumption). In another especially preferred example, the quick-dried sub-
ripe coffee cherry is ground and used as a food additive or as a basis for brewing coffee cherry
tea (e.g., for use as loose tea, grinding to a size of 500-3000 um is preferred, or for bagged teas,
grinding to a size of 200-1000 pm is preferred).

Altemnatively, it should be recognized that only parts of the quick-dried sub-ripe coffee
cherry may be employed in a food product. For example, where the sub-ripe coffee cherry is in
an almost ripe state, it is contemplated that the pulp, mucilage, and/or hull may be separated
from the seeds, which are then (optionally admixed with other seeds) roasted to commercial
grade coffee beans. The remaining pulp, mucilage, and/or hull from the quick-dried sub-ripe
coffee cherry may then be employed as food additive or basis for extraction of one or more

desired components (e.g., polyphenals).

In still further contemplated uses of so obtained quick-dried sub-ripe coffee cherries, it is
contemplated that the coffee cherries (or portions thereof) mey be employed as starting material
for extraction of various beneficial components. For example, the quick-dried sub-ripe coffee
cherries may be extracted with an aqueous (e.g., water, water-ethanol mixture) or non-aqueous
solvent (e.g., critical point CO;, dimethylformamide) to isolate one or more components that can
be used in a food product. For example, quick-dried sub-ripe coffee cherries may provide an
excellent source of polyphenols, chlorogenic acid, and/or caffeine.

The term "polyphenol” as used herein refers to a diverse group of compounds produced
by a plant, wherein the compounds include a phenol ring to which at least one OH group, and
more typically at least two OH groups are covalently attached. For example, representative
polyphenols include ellagic acid, tannic acid, vanillin, caffeic acid, chlorogenic acid, ferulic acid,

catechins (e.g., epicatechin gallate, epigellocatechin), flavonols (e.g., anthocyanidins, quercetin,

S0MO99999-4000
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kaempferol), and various other flavonoids, and their glycosides and depsides. Furthermore,
contemplated polyphenols may also be in oligomeric or polymeric form {e.g., oligomeric

proanthocyanidins or condensed tannins).

In another preferred aspect of the inventive subject matter, the inventors contemplate use
of whole quick-dried sub-ripe coffee cherries in the production of various beverages. For
example, it was observed that teas produced from unripe (green) and semi-ripe stage |1 whole
quick-dried coffee cherries possess relatively low aroma and flavor characteristics. Thus, extracts
or at least partially condensed teas from unripe (green) and semi-ripe stage 1 whole quick-dried
coffee cherries may be added as low-flavor additive to a commercially available beverage to

enhance the nutritional properties.

As ripeness increases, more aroms and flavor is evident in the quick-dried sub-ripe coffee
cherries. Consequently, tea produced from semi-ripe stage 2 and almost ripe whole coffee
cherries will possess high aroma and fruity flavor, and the inventors contemplate that semi-ripe
and almost ripe coffee cherries could be used directly after quick-drying and grinding for a
“Whole Coffee Fruit Tea”, either by itself or after placing into tea bags. As illustrated below,
such a tea would provide high levels of polyphenols, typically 60-70 mg per 6 oz. cup.
Furthermore, teas prepared from whole quick-dried sub-ripe coffee cherries generally possess
relatively high ratios of chlorogenic acid to caffeine (typically about 2-4.5) as compered to
beverages made from roasted coffee (typically about 0.4). Therefore, it should be appreciated
that tea prepared from quick-dried sub-ripe coffee cherries is much more nutritional (based upon
polyphenols and chlorogenic acid) than roasted coffee.

Therefore, the inventors contemplate a food product that includes a preparation of a
(preferably sub-ripe) coffee cherry that is quick-dried such that & mycotoxin level of the coffee
cherry is less than 20 ppb for total aflatoxins, less than 10 ppb for total ochratoxins, and less than
5 ppm for total fumonisins. Alternatively, contemplated mycctoxin levels may also be in the
range of 20-50 ppb, but more preferably less than 15 ppb, even more preferably less than 10 ppb,
and most preferably less than 5 ppb for total aflatoxins. Similarly contemplated mycotoxin levels
also include a range of 10-30 ppb, but more preferably less than 5 ppb, even more preferably less

than 3 ppb, and most preferably less than 2 ppb for total ochratoxins. Likewise, contemplated

309/099999-4000
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mycotoxin levels also include a range of 5-20 ppm, but more preferably less than 15 ppm, even
more preferably less than 10 ppm, and most preferably less than 5 ppm for total fumonisins

and/or vomitoxins.

As already discussed above, the preparation of the sub-ripe coffee cherry may include the
whole coffee cherry, comprise a ground fragment of the whole coffee cherry, or include the bean,
the pulp, the mucilage, and/or the hull of the quick-dried sub-ripe.coffee cherry. Altematively, it
should be recognized that the preparation may also comprise an extract from the whole quick-
dried sub-ripe coffee cherry (or fragment or portion thereof).

Contemplated food products especially include beverages prepared from contemplated
quick-dried sub-ripe coffee cherries (or fragments or portions thereof), or beverages to which
extracts or pieces from contemplated quick-dried sub-ripe coffee cherries (or fragments or
portions thereof) have been added. Similarly, further contemplated food products include baked
goods (e.g., bread, crackers, etc.), snacks (e.g., candy or energy bars), cereals, and other solid
nutrients to which extracts or pieces from contemplated quick-dried sub-ripe coffee cherries (or
fragments or portions thereof) have been added.. Aitemmatively, contemplated food products also
include a nutritional supplement in liquid or solid form that comprises an extract of the quick-

dried sub-ripe coffee cherry.

Depending on the particular purpose, it should be recognized that such food products may
be prepared from quick-dried sub-ripe coffee cherries having a primarily green color with less
than 25% red color, more preferably with less than 25% green color, and most preferably from
quick-dried sub-ripe coffee cherries having primarily (no less than 90%, most typically no less
than 95%) red color with less than 5% blemished area. Still further contemplated compositions
and methods are disclosed in our co-pending U.S. Patent application with the title "Methods for
Coffee Cherry Products”, filed on or about April 16, 2003, which is incorporated by reference

herein.

Examples

The following examples are provided to enable a person of ordinary skill in the art to
meke and use compositions according to the inventive subject matter and to illustrate exemplary
compositions and methods generally described herein.

3000999994000
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mycotoxin levels also include a range of 5-20 ppm, but more preferably less than 15 ppm, even
more preferably less than 10 ppm, and most preferably less than 5 ppm for total fumonisins

and/or vomitoxins.

As already discussed above, the preparation of the sub-ripe coffee cherry may include the
whole coffee cherry, comprise a ground fragment of the whole coffee cherry, or include the bean,
the pulp, the mucilage, and/or the hull of the quick-dried sub-ripe.coffee cherry. Alternatively, it
should be recognized that the preparation may also comprise an extract from the whole quick-

dried sub-ripe coffee cherry (or fragment or portion thereof).

Contemplated food products especially include beverages prepared from contemplated
quick-dried sub-ripe coffec cherries (or fragments or portions thereof), or beverages to which
extracts or pieces from contemplated quick-dried sub-ripe cosTee cherries (or fragments or
portions thereof) have been added. Similarly, further contemplated food products include baked
goods (e.g., bread, crackers, etc.), snacks (e.g., candy or energy bars), cereals, and other solid
nutrients to which extracts or pieces from contemplated quick-dried sub-ripe coffee cherries (or
fragments or portions thereof) have been added.. Alternatively, contemplated food products also
include a nutritional supplement in liquid or solid form that comprises an extract of the quick-

dried. sub-ripe coffee cherry.

Depending on the particular purpose, it should be recognized that such food products may
be prepared from quick-dried sub-ripe coffee cherries having a primarily green color with less
than 25% red color, more preferably with less than 25% green color, and most preferably from
quick-dried sub-ripe coffee cherries having primarily (no less than 90%, most typically no less
than 95%) red color with less than 5% blemished area. Still further contemplated compositions
and methods are disclosed in our co-pending U.S. Patent application with the title "Methods for
Coffee Cherry Products”, filed on or about April 16, 2003, which is incorporated by reference
herein.

Examples

The following examples are provided to enable a person of ordinary skill in the art to
make and use compositions according to the inventive subject matter and to illustrate exemplary

compositions and methods generally described herein.
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Harvest Of Whole Coffee Cherries

The ripeness of the coffee cherries was determined by visually estimating the amount of
green and red color (or yellow, where applicable) of the whole cherries. As the cherries ripen, the
green cherries will typically increase in size and subsequently develop increasing amounts of red
color. For the present examples, the coffee cherries were collected at four stages of ripeness:
Completely, or almost completely green (unripe; typically less than 5% of the coffee cherry red
or yellow), primarily green with some red (semi-ripe, stage 1; typically less than 25% of the
coffee cherry red or yellow), primarily red with some green (semi-ripe, stage 2; typically less
than 25% of the coffee cherry green), and unbroken, unblemished red (almost ripe; typically less
than 10% of the coffee cherry green; area of blemishes, cuts, or otherwise broken surface less

than 5%). As much as possible, whole, unbroken and uncut cherries were collected.
Quick-Drying Of The Whole Coffee Cherries

Whole coffee cherries for sample extraction were prepared by drying the cherries within
1-12 hours after harvest on separate trays of an air dryer according to the following procedure.
Coffee cherries (400-600 g) were weighed into beakers and washed two times with tap water,
followed by a single wash with distilled water. The so washed coffee cherries were placed on a
tray of an air dryer to drain, and then dried at 150-160°F for 16-18 hours to constant weight.
Drying was stopped when the weight at two consecutive one-hour intervals differed by less than
{ g. Typical yields of dried whole cherry were 160-220 g. Further analysis indicated 6-12%
residual water content in the dried cherry.

Mycotoxin Analysis

In order to determine the viability of the whole coffee cherry at the unripe, semi-ripe, and
almost ripe stages (see above) for use in a nutritional product (and especially for use in tea), the
level of selected mycotoxins was measured and compared against comparative products and red,
ripe coffee cherry by-product from coffee production. As can be clearly seen in Table 1 below,
quick-dried coffee cherries of all sub-ripe harvest stages had a mycotoxin level below the

detection limit of 1 ppb (as measured for af]atoxin and ochratoxin).

309/099995-4000
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The mycotoxin concentration was determined in an independent laboratory by both
ELISA and HPLC analysis. Based on the below results, the inventors conclude that all samples
from the different sub-ripe harvest stages are suitable for direct use in a nutritional product for
both human and veterinary consumption. In contrast, the by-product of coffee production
(predominantly consisting of pulp, mucilage, and hull from coffee cherries) from ripe cherries of
red color with blemishes (typically greater than 20% of the cherry surface) had a substantial
content in both aflatoxins and ochratoxins. Similarly, the comparative product "Paradise to Go
Tea" (made from coffee cherry pulp) exhibited mycotoxins in double-digit concentrations.

RIPENESS COLOR AFLATOXIN | OCHRATOXIN
Unripe, quick-dried Green < lppb < 1ppb
Semi-ripe Stage 1, quick- | Mostly green with
dried some red < lppb < lppb
Semi-ripe Stage 2, quick- | Mostly red with some
dried reen < lppb < 1ppb
Almost ripe, quick-dried | g Domsned Area |y < Ippb
Ripe (by-product of Red, Blemished Area
Coffee Production) >20% > 200 ppb > 500 ppb
Paradise to Go Tea (dry
matter) N/A > 25 ppb > 40 ppb

Table 1

Polyphenol(PP), Chlorogenic Acid (CG), and Caffeine (CF) Analysis for Quick-dried
Sub-ripe Whole Coffee Cherries

In a further series of experiments, the levels of total polyphenols, chlorogenic acid, and
caffeine from quick-dried whole coffee cherry at various sub-ripe stages were measured and
compared against green and roasted coffee beans. Table 2 summarizes the results of this

analysis.

Interestingly, while the polyphenol (PP) level of quick-dried coffee cherries of all sub-
ripe harvest stages was somewhat less than the level of green or roasted coffee beans, significant
quantities of polyphenois in quick-dried sub-ripe coffee cherries still remain. Similarly, the
chlorogenic acid (CG) content of quick-dried whole coffee cherry at various sub-ripe stages

remained at substantial high levels as compared to roasted coffee, but was somewhat lower as
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compared to green beans. The caffeine (CF) level of quick-dried coffee cherries of all sub-ripe
harvest stages was substantially within the caffeine level of green and roasted coffee beans (It
should be pointed out that all data given are on a dry matter basis and are not normalized to the

dry weight of the bean).

Polyphenol analysis: Dried whole coffee cherry (or green beans or roasted beans) (1.00 g)
were ground in a rotating steel knife coffee grinder for 30 seconds to produce a ground sample.
The ground sample was added to 100 mL distilled water and the resulting mixture heated to
boiling in an Erlenmeyer flask for 30 minutes. The heat was removed and the mixture allowed to
cool to room temperature. The resulting suspension was transferred to a 100 mL graduated
cylinder and water added to bring the volume to 100 mL. The mixture was then transferred back
to the Erlenmeyer flask, stirred briefly, and the solids allowed to settle. An aliquot (~3 mL) of
the supernatant solution was filtered through an 0.45 um Acrodisc filter, and the resulting clear
solution was diluted 1:10 with distilled water using a volumetric flask (1.00 mL diluted with 9.00

mL distilled water).

The Folin-Ciocalteu method was used to measure the polyphenol content of the diluted
solution as follows. One mL of the diluted solution was added to a test tube, mixed with 1 mL of
0.2N Folin-Ciocalteu's Phenol reagent (Sigma solution, 2N, diluted 1:10 with water), and
allowed to stand S minutes at room temperature. One mL of IN NaHCO; was added and the
reaction mixture left at room temperature for 2 hours. The polyphenol level was determined
using 8 UV-visible spectrophotometer standardized against catechin, at A max=750 nm against
distilled water as blank.

Chlorogenic acid: Determination of chlorogenic acid was done using HPLC separation of
the filtered clear solution prepared above using standard analytical and separation protocols well
known in the art. Similarly, determination of caffeine was done using HPLC separation of the
filtered clear solution prepared above using standard analytical and separation protocols well
known in the art (for exemplary protocols see e.g., Bispo M.S., et al. in J. Chromatogr. Sci.;
2002, Jan;40(1):45-8, or Nakakuki, H. et al. in J. Chromatogr. A.;1999, Jul 2;848(1-2):523-7).

RIPENESS COLOR % PP | %CG | %CF | CG/CF

Unripe, quick-dried Green 3.80 2.64 1.03 2,56

S0R/099999.4000
273013.01 204/10/03 -13-



10

15

Attorney Docket No.: 100700.0024PCT

Semi-ripe stage 1, quick- | Mostly green with
dried some red 3.28 2.70 1.00 2.70

dS;:g-ripe stage 2, quick- Mostly red with some 1.54 2.00 0.70 286 .

Ereen
Almost ripe, quick-dried Red, Blemished Area 1,35 N/D ND N/D

<5%
Green Coffee beans Green 4.58 3.31 0.95 3.48
Roasted Coffee beans Brown 3.93 0.50 1.20 0.42
Table 2 _

Polyphenol(PP), Chlorogenic Acid (CG), and Caffeine (CF) Analysis for a Tea brewed
Jrom Quick-dried Sub-ripe Whole Coffee Cherries

Quick-dried sub-ripe coffee cherry were ground in a rotating steel knife coffee grinder for
10-30 seconds to produce a ground sample. To the ground sample (1.00 g) was added 90 mL
(approx. 3 fluid 0z.) boiling distilled water and the resulting mixture allowed to stand in an
Erlenmeyer flask for 10 minutes to produce a coffee cherry tea. An aliquot (~3 mL) of the
supernatant solution was filtered through a 0.45 pm Acrodisc filter, and the resulting clear
solution was diluted 1:10 with distilled water using a volumetric flask (1.00 mL diluted with 9.00
mL distilled water). The Folin-Ciocalteu method as described above was used to measure the
polyphenol content (on dry matter basis, catechin equivalents) of the so prepared coffee cherry

tea. Table 3 summarijzes the results.

RIPENESS SOLVENT % PP | %CG | % CF | CG/CF
Unripe, quick-dried Water 10.93 8.61 3.04 2.83
Semi-ripe stage 1, quick-
dried Water 9.38 7.58 272 2.78
Semi-ripe stage 2, quick-
dried Water 8.51 6.74 1.71 395
Almost ripe, quick-dried Water 6.92 1.34 0.29 4.6l

Table 3

Brewing Of Teas From Whole Coffee Cherry Of Different Ripeness

The following procedure was used to prepare teas from whole coffee cherry of different
ripeness for aroma and taste testing. Whole dried coffec cherry (10-20 g) was ground in a
rotating steel knife coffee grinder for 10-30 seconds to produce a ground sample. The ground

S0S/009999-4000
27503001 204/10/01 -14-

| 5¢



10

15

Attorney Docket No.: 100700.0024PCT

coffee cherry (2.0 g) was placed in a ceramic cup and of nearly boiling water (6 oz., 190-200°F)
added. The slurry was stirred and allowed to stand for 3 minutes, at which time the aroma and

taste of the supernatant liquid were noted. Results are shown in Table 4.

RIPENESS COLOR AROMA | TasTE | PiBO%
Unripe, quick-dried Green None Almost no
taste 76 mg
Semi-ripe stage 1, qT:?ck- Mostly green with Very Slight fruit
dried some red mild flavor 66 mg
fruity
Semi-ripe stage 2, quick- | Mostly red with some | Mild Mild fruit Nm
dried green fruity flavor 8
Almost ripe, quick-dried Red, Blemished Area | Fruity Rich fruit
67 mg
<5% flavor
Table 4

Thus, specific embodiments and applications of low-mycotoxin coffee cherry products
have been disclosed. It should be apparent, however, to those skilled in the art that many more
modifications besides those already described are possible without departing from the inventive
concepts herein. The inventive subject matter, therefore, is not to be restricted except in the spirit
of the appended claims. Moreover, in interpreting both the specification and the claims, all terms
should be interpreted in the broadest possible manner consistent with the context. In particular,
the terms "comprises" and "comprising" should be interpreted as referring to elements,
components, or steps in a non-exclusive manner, indicating that the referenced elements,
components, or steps may be present, or utilized, or combined with other elements, components,

or steps that are not expressly referenced.
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CLAIMS

What is ciaimed is:

10.

A food product comprising a preparation of a coffee cherry that is quick-dried such that a
mycotoxin level of the coffee cherry is less than 20 ppb for total aflatoxins, less than 10
ppb for total ochratoxins, and less than 5 ppm for total fumonisins.

The food product of claim 1 wherein the preparation of the coffee cherry comprises a

ground fragment of the coffee cherry.

The food product of claim 2 wherein the preparation of the coffee cherry comprises an
extract from a ground fragment of the coffee cherry.

The food product of claim 1 wherein the preparation of the coffee cherry comprises at
least one of a bean of the coffee cherry, a pulp of the coffee cherry, a mucilage of the
coffee cherry, and a hull of the coffee cherry.

The food product of claim 1 wherein the preparation of the coffee cherry comprises an
extract from at least one of a bean of the coffee cherry, a pulp of the caffee cherry, 2
mucilage of the coffee cherry, and a hull of the coffee: cherry.

The food product of claim ! wherein the coffee cherry is a sub-ripe coffee cherry and has
a primarily green color with less than 25% red color.

The food product of claim | wherein the coffee cherrv is a sub-ripe coffee cherry and has
a primarily red color with less than 25% green color.

The food product of claim 1 wherein the coffee cherry is a sub-ripe coffee cherry and has
a primarily red color with less than 5% blemished area.

The food product of claim 1 wherein the coffee cherry is quick-dried in a dryer using
heated air.

The food product of claim 1 wherein the coffee cherry is quick-dried in a dryer using

solar radiation.
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The food product of claim 1 wherein the coffee cherry is quick dried by exposing the

coffee chermry to at least one of ambient air and sun light.

The food product of claim | wherein the food product is a tea brewed from the coffee
cherry.

The food product of claim 1 wherein the food product is a beverage comprising an extract
of the coffee cherry.

The food product of claim | wherein the food product is nutritional supplement in liquid
or solid form and comprising an extract of the coffee cherry.

A tea brewed from a comminuted quick-dried coffee cherry or portion thereof.

The tea of claim 15 wherein the coffee cherry has 2 mycotoxin leve! of less than 20 ppb
for total aflatoxins, less than 10 ppb for total ochratoxins, and less than 5 ppm for total

fumonisins.
The tea of claim 16 having a polyphenol concentration of at least 10 mg/oz.
The tea of claim 15 wherein the coffee cherry is a sub-ripe coffee cherry.

A quick-dried coffee cherry or portion thereof having a mycotoxin level of less than 20
ppb for total aflatoxins, less than 10 ppb for total ochratoxins, and less than S ppm for

total fumonisins.

The quick-dried coffee cherry of claim 19 wherein the coffee cherry is a sub-ripe coffee
cherry.

S0%/099999-4000
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ABSTRACT

A coffee cherry is harvested, preferably in a sub-ripe state, and quick-dried to provide a
basis for numerous nutritiona! products. Such coffee cherries and portions thereof may be
particularly characterized by their extremely low concentration of mycotoxins, including various

aflatoxins, fumonisins, ochratoxins, and/or vomitoxin (DON, deoxynivalenol).
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Oficio No. W ! 3875

Como vresultado del examen de forma, realizado con fundamento en el articulo 38 de
la Declsifn 486 de la Comiasifn de la Comunidad Andina, articulo 27 del Tratado de
Cooperaciém en Materia de Patentes (PCT), regla 51 bis del Reglamento y Circular
Gnica de la Superintendencia de Industria y Comercio, se le comunica que:

1. 81i fuere el caso, el solicitante debe adjuntar la traducciSo de los anexos del
reporte de examen preliminar internacional (Art. 36.2.b) del tratado BCT.

2. Ia solicitud no contiene la copia del documento en gque consta la cesifn del
derecho a la patente del inventor al solicitante o a su causante. (Art. 26-k)
Decisifn 486.

3. La solicitud no contiene el poder debidamente otorgado, con el lleno de los
requisitos exigidos por los articulos 63 y subsiguientes del CéSdigo de
Procedimiento Civil. Adicionalmente, deberi presentar el documento que acredita la
existencla y representacién legal de la sociedad solicitante, cuando ésta fuere
perscna juridica.

4. El policitante daberi diligenciar an su totalidad el formulario de PETITORIO
fase nacicoal.

En cumplimiento de lo dispuesto por el articclo 39 de la Decisifn 486, se le
requiere para que dentro del término de dos meses siguientes a la fecha de
notificacién del presente oficilo, complete los requisitos anteriormente enunciados.
En caso de no dar cumplimiento &l presente requerimiento, la solicitud se
considerari abandonada y perderi su prelacidm.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal
e), del capitulo quinto del titulo primero de la Circular Unica No.10 de 2001.

Continua en la pigina sigulente...
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