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Referencia : Expediente No. 03027771
Asunto : Solicitud patente para: HONGOS PARA
. DECAFEINAR Y SU PROCESO DE
BIODESCAFEINACION DE SOLUCIONES QUE
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Solicitante : COUNCIL OF SCIENTIFIC AND INDUSTRIAL
RESEARCH |
Clase : A23F 005/020

Fecha solicitud: 2003-04-02

1. Yo, Emilio FERRERO, obrando como apoderado del solicitante en el

. I
asunto antes identificado me refiero al oficio No. 15045 notificado por
i

fijacién en lista del 22 de Noviembre de;2007.

|
2. Presento junto con este memorial, informacién complementaria a la
aportada en el memorial radicado el 31 dé Marzo de 2008 en respuesta a
dicho oficio con el fin de que sea tenida en cuenta al momento de
efectuar el nuevo estudio de patentabilidad de la presente invencién.

|
3. La informacién que acd se presenta complementa la informacidén vya
aportada con el fin de superar la objeciéh de nivel inventivo:

i

!

. I . . .

El proceso para la completa bio-descafeinacidén de soluciones que

I
contienen cafeina utilizando un microorganismo del género Pseudomonas
i

NIT 860.041.367-3
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. reivindicado en la presente aplicacién no fue anticipado por las

ensefianzas de la referencia citada CH626781.

CH626781 divulga un proceso para descafeinar material vegetal gue
contiene cafeina cuando es expuesto al microorganismo de género

Acinetobacter. Siendo este un proceso largo y tedioso.

La clasificacién del microorganismo empleado para la descafeinacidn es
absolutamente diferente de aquel de la presente invencién. D1 divulga
la aplicacién de Acinetobactor mientras que la presente invencidn
emplea un microorganismo del género Pseudomonas. Es la diferencia en la
naturaleza de los microorganismos la que permite la modificacidn en el
proceso de descafeinacidn. Adicionalmente, debido a la diferencia entre
el género Acinetobactor y el género Pseudomonas, la identificacidén del
género Pseudomonas para el proceso de descafeinacidén no resultaba obvia

a partir de la divulgacién del documento citado D1.

D1 ademds revela un proceso de descafeinacién donde la remocidn de
cafeina del extracto de café es muy lenta y solo la mitad de la cafeina
inicial es removida del extracto, mientras que la presente invencidn
provee un método de descafeinacidén rapida y degrada completamente la

cafeina dentro de 2-12 horas de incubacién.

El proceso utilizado en D1 consiste en tratar las células con
glutaraldehido e inmovilizandolo en gel de poliacrilamida. El método de
inmovilizacién tiende a remover sustancias distintas a la cafeina y por
ello afecta adversamente el sabor del producto. Este inconveniente ha
sido superado en la presente invencidén porque el proceso reivindicado
no utiliza ningtin estabilizador gquimico o paso de inmovilizacidn

logrando un proceso altamente eficiente.

Adicionalmente, el proceso de descafeinacidén como se revela en D1
envuelve la degradacidén de cafeina a un pH acido, es decir 5, mientras
que la degradacién toma lugar a un rango de pH neutro, es decir 7.0-

8.0, en la presente invencidén ofreciendo asi un producto final estable.
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En vista de lo anteriormente explicado, un técnico versado en la
materia no hubiera tenido una motivacién razonable para llevar a acabo
una descafeinacidén exitosa de soluciones de cafeina partiendo de las

enseflanzas de D1.

De acuerdo con esto, el solicitante respetuosamente sostiene que la
objecién por nivel inventivo no resulta aplicable al presente caso y

por lo tanto, la misma debe tenerse por superada.

4. Puesto que se han atendido a cabalidad las observaciones hechas por
su Despacho sobre la presente solicitud de patente, atentamente

solicito que se continde su tramitacién.

Sefiora Jefe,
L —>
EMILIO FERRERO
T.P.A. No. 31.929

COLO-13724-801-001-9
JMS\JMS\ID-124668\WPC13724
No. M-2008-124668\JMS
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1571 | ABSTRACT
Aqueous caffeine-containing liquids, such as coffee
extracts, are decaffeinated by means of fermenting the
liquid 'with Pseudomonad microorganisms of the type
}keudomom putida, NRRL B-8051, Pseudomonas fluo-
rmns, NRRL B-8052 and Pseudomonad fluorescens,
NRRL B-8053 or by means of contacting the liquid
with a caffeine metabolizing enzyme preparation iso-
Iated from Pseudomonad microorganisms of the afore-
mentioned type.
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1
MICROBIOLOGICAL DECAFFEINATION OF.
AQUEGUS LIQUIDS

This is a Continuation, of application Ser.. No. 5
570 ,286, filed Apr. 21, 1975 and now abandoned.

- BACKGROUND OF THE INVENTION
This invention relates to a process for decaffemanng

aqueous liquids of vegetable origin. The invention is 10

described with particular emphasis on the decaffeina-
tion of coffee extract, however decaffeination of other
caffeine-containing aqueous liquids, such as tea, mate
and the like, may be possible.

Current commercial decaffeination of coffee is ef- 15

fected by the removal of caffeine from whole, green
coffee beans. The beans are first moistened and then
extracted with a solvent which is relatively specific for
caffeine. Typically the solvent may be- either a chlori-

‘nated hydrocarbon sclvent, such as discussed in U.S. 20

Pat. No. 3,700,465, or a caffeine-deficient water solution
of coffee solubles, such as disclosed in U.S. Pat. No.
-2,309,092. The processes described in these two patents,
herein incorporated by reference, are well-known in the

art. 25

Decaffeination of an aquéous extract obtained from
roasted coffee beans by dxrectly contactmg the extract
with a chlorinated solvent is also known in the coffee
.art; as disclosed in U.S. Pat. No. 2,933,395. The decaf-

feinated aqueous extract would then typically be dried, 30

such as by spray-drying or freeze-drying, in order to
‘obtain a decaffeinated soluble coffee. .

Coffee beans or extract decaffeinated in accordance
with above-described processes have been found to

undergo changes ‘which are readily detectable when 35

one compares the taste of coffee beverages produced
from decaffeinated coffee beans or extract with their
caffeinated couterparts. Additionally, the decaffeinated
coffee beans or extract which has been cantacted either

directly or indirectly with a hydrocarbon solvent unde- 40

sirably retain a small amount of the solvent.

Thus the coffee industry has songht alternative sys-
tems for decaffeination which will minimize or elimi-
nate the above problems. U.S. Pat. No. 3,749,584 to

Kurtzman et al. has disclosed a mold, Penicillium crus- 45

tosum, for the biclogical decaffeination of coffee; how-
. evet the procedure of this patent which uses intact mokd

- organisms as the caffeine metabolizing agent with the
".subsequent removal of these cells from the liquid or

beverageisnotseenmbeacceptableforthqcommer- 50

- cial preparation of coffee products. of the
live-cells from the decaffeinated liquid would likely be
an expensive and/or lengthy operation, since all or
substantially all of the cells would have to be removed

to pmdnce a oomma'cmlly acceptable product. Binding 55

.of intact organisms into an insoluble support would be -
one means of eliminating the separation step and in-
creasing the practicality of such an intact orgnmsm
process. However, the use of the intact mold organisms

may produce off-flavors within the coffee extract since 60

chemical changes other than decaﬂ’emanon could be
produced by the organisms.

DESCRIPTION OF THE INVENTION

This invention relates to the use of Pseudomonad 65

organisms or enzyme preparations isolated therefrom
for decaffeinating aqueous liquids. Psenadomonad organ-
isms which can be used in this invention are those which

4,228, 191‘
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havetheabxhtytousecaﬁ'emeasasoutceofwbon
and/or nitrogen for growth. Suitable microorganisms
have been isolated from soil enriched with caffeine.
Psendomonadorgamsmsprovenacceptableforusem
this linvention have been irrevocably deposited in the
permanent culture collection of The Northern Regional
Research Laboratories of the U.S. Department of Agri-
culture at Peoria, lllinois, 61604, where they are avail-
able to anyone under the ascension numbers NRRL
B-8051, B-8052 and B-8053.

The caffeine-utilizing pseudomonad organisms may
be immobilized on an insoluble support by such means
as entrapment within cross-linked polymers, absorbtion

onto, water-insoluble supports, or other means recog-

mzedasusefulbythoseskﬂledmtheart.Thelmmobﬂ-
medorgnmsmcanthenbeusedmcolnmnsorsm'red

,tankteactommthoutreleaseofcellularmaumalinto

the aqueous liquid. . .

The caﬁ'eme-uuhzmg enzymes can be isolated from
the weudomonad microorganisms by first dlsruptmg,
such as by ultrasonic means, the whole cell organisms
and then centrifuging to obtain a cell-free, enzyme-con-
wningextract.’l‘hereactxonbetweencaffemeandthe
caffeine-utilizing enzyme preparations preferably takes
place in the presence of a reduced coenzyme, such as
reduced diphosphopyridine nucleotide (DPNH). .

Other procedures which may be used for disrupting
psendomonad mlcroorgamsms and which will be appar-
ent to those skilled in the art are; (1) agitation with glass
beads,wheremdxsmpuonofthemlcmorgamsmsnsdue
to shear force (imstruments commonly used are the
Braun Homogenizer, Waring Blendor and various col-
loid xmlls)- {2) pressure extrusion by liquid pressing,
(instruments commonly used are the French Press and
Ribi Prees), (3) pressure extrusion by freeZe pressing
(‘xnstmmems commonly used are the Hughes Press and
X-Pr&)

The first breakdown pmduct produced from caffeine
by the aforementioned organismis and enzyme prepara-
tions xs theobromine (3,7-dimethylxanthine) as deter-
mined'by incubating the enzyme-preparation with ra-
dioactively labelled caffeine (caffeine-1-methyl 14C)
followed by thin layer chromatography (TLC) analysis.
This analysis was confirmed by the fact the resulting
demethylated product contained no radioactivity.

‘The breakdown of caffeine to theobromine was fur-
ther corroborated by the following observations. A
eaﬁ'eme-enzyme preparation-DPNH incubation mix-
ture was mixed with theobromine and chromato-
graphed; only one spot resulted showing identity be-
tween the unknown and theobromine. Similarly, non-
1denuty was established between the unknown and the-
ophyﬂme This breakdown of caffeine to theobromine
makes the Pseudomonad caffeine-degrading pathway of
this invention distinct from that stipulated by Kurtzman
and Schwnnmer (U.S. Pat. No. 3,749,584) for Pennicil-
lium cmstm'um. strain NRRL-5452.

As prewously mentioned, the Psendomonad organ-
isms of 'this invention and their enzymatic preparations
are useful for decaffeinating aqueous liquids and the
process of this invention may be employed for decaf-
feinating water extracts of green or roasted coffee or
liquid extracts obtained by dissolving soluble coffee
material in water. Dwaﬁematxonmayproceedeltheras
2 batch or continuous operation.

In addition to comventional means of enzyme addi-
tion, one could also employ attachment of the enzyme
preparation onto insoluble supports. The enzyme at-

1
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3
tachment could be accomplished by covalent chemical
attachment, entrapment within cross-linked polymers
or adsorbtion onto water-insoluble supports. The im-
mobilized enzyme preparation could then be used in
columns or stirred tank reactors just as the immobilized
organisms referred to above.

It would also be possible to perform decaffeination by
keeping the enzyme preparation separate from the caf-
feine containing liquid either by entrapping the enzyme
preparation within a permanent semi-permeable mem-
brane (e.g., microencapsulation) or by means of enzyme
reactor system wherein the enzyme preparation (either
free or immobilized) is retained in an ultrafiltration or
hollow fiber device.

In the practice of the enzymatic decaffeination pro-
cess of this invention, the enzymie preparation would
typically be incorporated into or contacted with the
aqueous, caffeine-contasining liquid and the caffeine
metabolized under conditions generally employed in
enzymatic reactions. When the DPNH coenzyme is
used, the proportion of enzyme to DPNH to caffeine
may be varied depending on the purity of the enzyme
and time desired for the reaction. Caffeine concentra-
tion typically will be about 0.1 mg/ml to 20 mg/ml.
Aecrobic conditions are employed in the enzymatic reac-
tion such as by exposing the reaction mixture to air or,
if the reaction is carried out in a deep layer of liquid, by
agitation of or bubbling air through the liquid.

DPNH may be replaced by the coenzyme reduced
triphosphopyridine nucleotide (TPNH). Although so-

5

i0

15

20

\ 4
: | (Isolation of Micioorganisms)

An aqueous solution of caffeine was poured onto a
soil sample each weekday for a period of two weeks.
Two grams of this soil was then added to 100 mis of an
enrichment medium, having caffeine as the sole source
of carbon. Incubation was carried out at room tempera-
tare (about 25° C.) and at a final pH of 6.5. Cultures of
the organisms identified for use in this invention have
the ascension numbers of NRRL B-8051, B-8052 and
B-8053. | ' '

| EXAMPLE 2
_i(Culturing of Microorganisms)

Organisms NRRL B-8051, B-8052 and B-8053 were
cultured on a medium of the following composition:
CaCl>-0.08 g; KCI1-0.37 g; MgS04-0.10 g; KH2PO4-0.67
& NaHPO4-0.71 g; FeCl3-5 mg; basic salts - 10ug of
H3Bos3, Ca(NO3);, CuSOs4, MnSO4, NazMoOs and
ZnSOg; caﬁi'eme - 10g; and distilled water to one liter.

. Growth of the microorganisms was carried out in a
Microferm fermentor (model MF 114) under aerobic
conditions and at about 30° C. and a pH of 6.6 to 6.9
after 36 hours of growth, another 1% caffeine. by

weight was added and fermentation was continued for

another 36 hours. The bacterial cells were then har-
vested by osntﬁfuging for 30 minutes at 6500 g at 4°
C. : :

EXAMPLE 3

~ — Classification of NRRL-B-8051, B-8052 and B-805.
_ The caffcine-utilizin omonsads of this invention have the following characteristics:

Test NRRL - B-8051 NRRL - B-8052 NRRL - B-8053
General Description  Gram negative, short I(}ramnegauve.shon Gmm negative, short
rods with rounded rods with rounded rods with rounded
ends singly or in pairs. ends singly or in pairs. ends singly or in pairs.
Agar colonies(?) Small, circular, opaque Small, circular, opaque Small circular, opaque
' off-white, raised, off-white, raised, off-white, raised,
m' i glm. F 8. - g‘mm' g R
Pigment production(®)  Slight green-yellow. Slight green-yellow. Heavy green-yellow.

Don a caffeine-=alts agar
©)on a caffeine-sahs medivm

dium dithionite is not a suitable replacement for DPNH, 45 Further classification of these organisms was accom-

other organic or inorganic reducing agents may be
useful.

. The reaction is carried out at temperatures conven-

tionally used for microbiological reactions. Tempera-
tures from about 20° to 45° C. may be employed; how-
ever, optimum decaffeination is achieved at 20° to 35°
C. Decaffeination in our experiments was carried out at
pH values of 6.0 to 9.0; however, by suitable selection of
a solid support for enzyme immobilization the pH range
may be extended to a lower level.

Afier the enzyme reaction is carried out, the enzymes
can be inactivated by heating.

‘Thin-layer chromatography of cell-free supernatants
of the caffeine-utilizing Pseudomonad organisms of this

§5

invention shows the presence of 7-methyixanthine and 60

xanthine as well as theobromine. This suggests that the
caffeine is metabolized by first removing the l-methyl
then the 3-methyl and finally the 7-methyl group. As
will be apparent, the Pseudomonad organisms and en-

zymes preparations of this invention may be used not 65

only for the purpose of decaffeinating aqueous solutions
but also for converting caffeine to other compounds
such as theobromine and 7-methylxanthine.

plished using the API 20 Enteric System (Analytab
Products Inc., Carle Place, N.Y. 11514). The API 20E
system consists of biochemical tests for differentiation
and identification of Enterobacteriaceae species and
other gram-negative microorganisms. The system moni-
tors the performance of bacteria in 22 standard bio-
chemical tests. The following results were obtained:

: A.P.L 20E Tests®
, B-8051

B-8052

i
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5
-continued
A.P.I 20E Tests®
B-8051 B-8052 B-8053
Rhamnose - - -
Sucrase - - -
Malibiose + - -
Amygdalin - - -
Arabinose - - -
Nitrite reduction —d —d —~d
Oxidase + + -+

:Aﬂmwmpufmuwdinduphwenbmhwc.mdﬂ‘c.
~N32 gas produced.

Using the A.P.L selector as well as Bergey’s Manual
of Determinative Bacteriology, NRRL B-8051 was
tentatively identified as Pseudomonas putida and NRRL
B-8052 and NRRL B-8053 were tentatively identified as
‘members of Pseudomonas fluorescens group. (Note -
Only difference between NRRL B-8052 and NRRL
B-8053 is the intensity of pigment production on caf-
feine-salts medium.)

The above-characterized Pseudomonad organisms
are seen to differ among themselves in only one out of
the twenty-two biochemical tests of the API 20E sys-
tem. Pseudomonad organisms and mutants thereof
which are functionally equivalent to NRRL B-8051 in
at least 21 out of 22 biochemical tests of the API 20E
systems are contemplated for use in this invention.

EXAMPLE 4
(Decaffeination of aqueous solution with Pseudomonad
organisms)

Three 50 ml. samples of a 1% caffeine solution were
respectively inoculated with a 2% exponentially grow-
ing culture of NRRL B-8051, B-8052 and B-8053. The
growth medium for the caffeine-degrading Pseudomo-
nad was the 1% caffeine-salts medivm of Example 2 and
the final pH of the growth medium was 6.9. Growth
was carried out at 30° C. with agitation on a gyratory
shaker at 200-250 cycles/minute. After 48 hours a sam-
ple of the three cultures was analyzed for caffeine by
thin-layer chromatography. Analysis revealed that less
than 0.01% caffeine remained in each of the three cul-
ture samples.

EXAMPLE §
(Enzyme Isolation from NRRL B-8051)

The caffeine-utilizing Pseudomonad NRRL B-8051
was disrupted as follows: 0.7 to 1.0 g of wet weight cells
was resuspended in 13 ml. of 0.05 m phosphate buffer
pH 6.9 containing 0.05 mg/ml caffeine. The vessel con-
taining the cell suspension was placed in an ice-water
bath. The cell-suspension was sonicated with a Sonifier
Cell Disruptor-Model W185D (Heat Systems Untrason-
ics Inc., Plainsview, N.Y.) for five 12 second blasts at &
power output of 100 watts with intermittent ccoling
periods (5 min.) between each sonic biast. Following
sonication, the disrupted cells were centrifoged at
17,000 g for 45 minutes at 4° C. and the resulting 0

[
o

15

25

30

35

50

55

6
supernatant was passed through a 0.45 micron mem-

branel filter to give a celi-free enzyme preparation.
EXAMPLE 6
(Enzymatic Decaffeination of Caffeine Solution)
Five mg. of DPNH was added to 0.5 mg. caffeine and
a 0.5 ml. volume of the crude-enzyme extract of Exam-
ple 5 containing at least 2.5-3.0 mg. protein; the final pH
of the reaction mixture was 6.7. After 2 hours of incuba-

tion at 30° C., analysis of the enzymatic reaction mixture
revealed that 50-75% of the caffeine had been degraded

and that theobromine was present; after 15 hours of

both the caffeine and the theobromine derlved from
caffeme degradation had been metabolized by the en-

Zyme preparation.
! EXAMPLE 7
@nmﬁc Decaffeination of Coffee Solution)

Aqueous coffee extracts containing 1% coffee solids
were prepared using a variety of materials as the source
of coffee solids. One-half milliliter of the crude-enzyme
extract of Example 5 (2.5 to 3.0 mg. protein/ml.) was
added to 0.5 ml. of the coffee extract (1% solids), fol-
lowed| by the addition of 10 mg. (0.2 mL.) of DPNH.
After 15 hours of incubation at pH 6.2 to 6.5 and 30° C,,
the solutions were analyzed for caffeine content and the
percmzlt decaffeination was obtained as follows:

Coffee Solution 95 Decaffeination
Robusta R&G 90
Brazilian R&G 55
Columbian R&G 25

30

Commmercial Spray-dried

) Having thus described the invention what is claimed
is;

1. A:method for reducing the caffeine content of an"

aqueous caﬂ'eme-oontammg extract of green or roasted
coffee comprising the step of:

(a) dlsmptmg whole cell Pseudomonad organisms,
said organisms being selected from the group con-
sxstmg of Pseudomonad putida, NRRL B-8051
Pstudomonad fluorescens, NRRL B-8052 and
Pseudomonad fluorescens, NRRL B-8053 and
combinations thereof,

() separatmg a cell-free, enzyme-oontammg extract
from the cellular material, and

() comactmg, under aerobic conditions and in the

presence of reduced diphosphopyridine nucleotide, .

a eaffeme-coma:mng solution with the enzymes
contamedmtheextmctofstepb)forapenodof
time sufficient to obtain substantial reduction in the
caﬁ'eme content of the sohation.
zmemeﬁxodofclmmlwhﬂemthel’sendomonad
orgamsmtsPseudomonas putida, NRRL B-8051. )
3. The method of claim 2 wherein the enzymes are

'unmobhzedonanmsolublesnpport.

65
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