2095091 Renoval of xanthi Ne stinulants from cocoa The present inv
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relates to the extraction of xanthine stinmulants fromcocoanore e Salﬂ'gj, ‘

t‘hyl - substituted xant hines such as theobrom ne and caffei ne which have
stiMful ating properties and it is often desirable to preparé a cocoa product
substan- 10 tially free fromsuch substances. In.this invention, these
stimul ati ng substances are referred to as xanthine stinu- lants. United
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natural I'y pre-"35sen a and'no water is used in the process of the
25 above nentioned patent: we have repeated the process descri- bed and
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nggga cocoa material 5 swol I en by adding water. Cocoa contaihs certain_

United States Patent No. 3 923 847 describes and claims a

15 method for the production of cocoa butter from cocoa mass
or from roasted or unroasted cocoa nibs comprising the step
of contacting said cocoa product with a food-acceptable sol-
vent gas which is supercritical in respect of temperature
and pressure for extraction of said cocoa butter by the sol-

20 vent gas, and removing the solvent gas bearing the cocoa
butter from the residue of said cocoa product.

There is only a very small fraction of water naturally pre-
sent in the cocoa and no water is used in the process of the

25 above mentioned patent: we have repeated the process descri-
bed and have found that less than 1 % of the xanthine stimu-
lants is extracted with the cocoa butter. Surprisingly, we
have now found that by carrying out a similar process but
using a cocoa material which has been swollen by adding at

30 least 0.1 part by weight of water per part by weight of
cocoa product, the amount of cocoa bhutter extracted is very
small whereas a large proportion of the xanthine stimulants
is extracted.

35 Accordingly, the present invention provides a process for
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cont &ting the cocoa material swollen by treatment with at least 0.1 port
By wei ght of water per part by weight of cocoa with a food-acceptable
solvent 5 ' gas which is supercritical in respect of tenperature and

-2- extragting xanthine stinmulants fromcocoa material which conprises @

. priessure and separating the'solvent gas containing the xanthine stinulants

fromthe swollen cocoa nmaterial having a reduced content of xanthine
stinmulants. The term "reduced content” in <fe present. context is 10
intended to cover zero content. The food-acceptabl e super critlcal solvent
gas i s noi st enedtpgcthagntest hinesstdmud onts fuem aecacommterial arhigh it
desired, it nMagompriBiest @0RdaWitiAga thiel o 0t hiyt el swdINtéaftdyg the
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m xt ur e of desired, it may be moistened with a little water before
contacting the swollen cocoa material.

15 The term "supercritical™ as used herein denotes that the
‘temperature is above the criticql-femperafure and the
pressure is above the critical pressure. A variety of
food-acéepfcble supercritical gases may be qséd, for
example, nitrous oxldg.ahd_the critical data are available

20 in the literaoture. 'quevér, it is preferred to use

“supercrit!cal carbon dioxide for which the temperature is
above the critical temperature of 31.3°C and the pressure
is above the critical p:essdre of 73.8 bar.

The cocoa material may be any cdcoa-cohtaining_nnss, for
25 exomple, roasted coCoo'ﬁiBs'or even the ground shells of
| cocoa beans, but is pre?efably the gteen; ground,
unroasted cocoa nibs formed by cleunihg; cracking and’
winnowing the cocoa beans to remove filth, germs and
most of the shell nmtéridl,-folloWed by grinding.

30 The cocoa material may be swollen by adding preferably
from 0.2 to 1.5 parts and especiofly'frmn 0.4 to 0.7
parts by weight of water per part by weight of cocoa
-material. -Warm water, water vupobr or a mixture of
warm water and water

35



war m wat er and water 35 -3- vapour may convenlently be used to swell the

~cocoa material. The tenperature of the water added is preferably: above 780C

utes to.2 hours, preferably under 5 conditions of agitation® ‘The *

material is preferably swollen by an ampunt from 20 to 55 % and ?:}
especially from35 to 45 % 10 The sol ubiBi&y of the xanthine stinulants

anEhe m xture is allowed to swell for a period of tine for- exanple, from *
e['

~in the supercriti- cal gas depends on its tenperature and pressure. By

adj usting these two |atter paraneters it is possible to achieve the optlnuhL/

ef ficiency. lampoile may ' e6hvenienerydbecusaar teds%ulatthe R Haterial,

suffi- cientl hlgh to achieve_extraction in _the shortest tine but below
the tenperat (Fhe \RREFRAES nBf oFhe hwateEoaddeduls. PrREeraidar abave i9°C
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extraction-is conveniently carried out at a pressure above 80 bars-and

preferably fr&an MQ}BOEWS3°M$EB§§§ EPgRehoprsss prefermpliye undar for

exanpl e, H00 QHSH OfodP' & dfEraBXbAUM pressure is usually Iimted by the
economni cs of 25 the process.” The contact of the swollen cocoa naterial with

the supercri- tical gas may be effected in a single cell”or other piece of

equi pment pr %éj'é&éé”maﬂéff?ie%s' ﬁfdf&?ﬁbﬁ?t s#Bd 188082 aﬁ%ﬂd&ﬁe@réﬂw

phases, or in two or nore ce a countef- current process
extraction |52de:m5151 %mndneeped:bebbleﬁsomrBS to 45 s.

10 The solubility of the xanthine stimulants in the supercriti-
cal gas.depends Qh its temperature and pressure. By adjusting
- these two latter parameters it is possible to achieve the
optimum efficiency. . | |

15 The extraction should be carried out at a temperature suffi-
' cliently high tohachieve'extraetion in the shortest time but
below the-temperature where roasting of the cocoa occurs.

The temperature is conveniently up to lZO°C and preferably
from 80° to 1oo°c.
20 . | |
‘The extractionuis conveniently carried out at a pressure
above 80 bars and preferably from 250, to 350 bars. Although
higher pressures may be used, for example, 500 bars or more,
the maximum pressure is usually limited by the economics of
25 the Process.

The contact of the smollen cocoa.material with the supercri-
tical gas may be'effected in a-single cell or other piece of
equipment providihg for intimate fluid contact and separa=-
30 tion of two phases, or in two or more cells for a counter-
- current proeess. The exﬁ#action is carried out in a closed
system. ' |

Preferably, provision is made for regenerating the supercri-
35 tical gas by the removal of substantially all of the xanthine

stimulants taken up by it. The regenerated supercritical gas



iy thé renpval® of substantially all of the xanthine stinul ants taken up by
it. The regenérated supercritical gas -4- preferably contains as little,
-xant hi ne stimilant as possible and it can be used to contact fresh cocoa
ﬁ%ﬁerial, for exanple, by recycling in a closed ,system The xanthine
stimu- lants may, ,for instance, be prectpdtated by rendering them5
iQ;gluble'in the supercritical gas by adjusting the :tenpera- ture and/or

pr

Preferably; provision i's made for regenerating the supercrf— 35 tical gas (igg
N

sure. However, the xanthine stinulants are preferably renoved fromthe

supercriti caPrgieraplih sontina msakigtie *anthitee pstimubanbtcasvpossible
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enpl oyed i n chdumnt pacbitheropicke xdhidguipment providing for intimate
fluid-fluid contact cohvéniéntly in a continuous countercur-
rent manner, and the aqueous solution of xanthine stimulants
is separated for recovery of the xanthine stimulants, for
15 example, by evaporation. If the xanthine stimulants are remo-
ved by adsorption on active charcoal the supercritical gas
cdntaihing-the xanthine'stimnlants_conveniently flows through
a column containing active.éharcoal which may be moistened
if desired, preferabiy with ffomf3ohto 50 % by'weight of
20 water. o | ' ' :

If desired, the xanthine. stimulants may be recovered from the
active charcoal by solvént'extractioh, for example with a
chlorinated hydrocarbon such as methylene dichloride.

25
The removal of the xanthine stimulants from the supercritical
gas may be cé:ried out within the same ranges of temperature
_éﬁd preséu:e as are emplbyed in the extraction of the xanthi-
ne stimulants from the cocoa material and is preferably

30 carried out at the same temperature,and préssufe as the extrac-
tion. The regenerated supercritical'gas substantially free of
xanthine stimulants'may then be used to contact a fresh batch
of cocoa material. - | '

- 35 After the sWollen cocoa material having a reduced content of



ne stimulants fromthe cocoa material and is preferably 30 carried . out at’
t he_sane tenperatureand pressure as the extrac- tion. The regenefated ‘2

su ritical gas substantially free of xanthine stifulants may then be
-us o contact a fresh batch of cocoa material. 35 After the swollén -
co material having a reduced content ©fg « 5 xanthine stinulants has .

been separated it may be dried before bei ngsubjected to roasting and the
further stages of cocoa technology. 5 The foll owi ng Exanpl es further
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unroasted cocoa nibs.containing 1.37 % theobrom ne were en"w th
grans of wat deing sobhdected 4o roasting and abhe nfurtheri atagest afecoroa
% The swol | e@JpndagdkRs e put in a cell through which supercriti- 15 ca
car bon d|0X|de flowed at a-tenperature of 900C and a pres- sure of 300 bar.
The carbon di oxi de was freed fron1the t heo- brom ne by passing through a
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hours tr&atnent .t he coco naterla en out o rie

con- 20 tenttiem. heobronine in the cocoa was found to be 0.15 % that is,
an 89 %reduction.  There-was no loss of fatty material. Exanple 2 25 10
kil ograns of green unroasted cocoa nibs containing 1.37-%theobrom ne were
swol len with 4.25 kilograns of water BX¥prefbr 1 hour to obtain an

i ncrease in noisture of 30 % The swol | en cocoa ni bs were put in a cel

t hrough which super--critical carbon dioxide flowed at a tenperature of
900C and180 49 grans ©Higsn bmxsoas#e@ ¢ocea. nthe canbahndngxildd7wds

theobromine were swollen with 260 grams of water at 80°c for
1 hour to obtain an increase in moisture of 40 %.

_ The swollen nibs were put in a cell through which supercriti—'
‘15 cal carbon dioxide flowed at a temperature of 90°C and a pres-
sure of 300 bar. The carbon dioxide was freed from the theo-
bromine by passing through a column of active charcoal contai-
-ning 40 3 by weight of water. After Slx hours treatment the.
cocoa material was_taken out_of_the cell and dried. The con-
20 tent of theobromine in the cocoa was found to be 0.15 %, that

is, an 89 % reduction. There was no loss of fatty'material.
.'Exaﬁgle 2

" 25 10 kilograms of green unroasted'COcoa nibs containing 1.37 %
_ theobromine were swollen with 4. 25 kilograms of water at
80°c for 1 hour to obtain an increase in moisture of 30 %.
The swollen cocoa nibs were put in a cell through which supex-
_critical carbon dioxide flowed at a temperature of 90°C and
30 '~ a pressure of 300 bars for 2 hours. The carbon dioxide was
| freed from the theobromine'by passing through a column of
'active'charcoal containin§i40 % by weight of water. The cocoa
was rex’u_oved and dried and the content _of theobromine was found
to be 0.39 %, that is, a 71 % reduction. There was no loss
35 of fatty material.



freed-fromthe theobrom ne by passing through a columm of active charcoal A
“eont at'ning 40-% by wei ght of water. The cocoa was renoved and dried and the
dontent” of theobromine was found to be 0.39 % that is, a 71 %reduction. «
There,was no loss 35 of fatty paterial. -6- Exanple 3 400 grans of

gueeen unroasted cocoa nibs containing 1.37_%theobrom ne were swollen with )
260 grans of water at 800C 5 for 1 houT $0~obtain an increase in noisture

of 40 % The swollen cocoa nibs were extracted in three cells, each hol ding
49_grans, through which supercritical carbop dioxide flowed at a

tepperature of 900C and a pressure of BX@MBLe 310 The carbon dioxide was
frreed fromthe theobrom ne by passing through a columm of active charcoal
containing 40 % by weight of water. After 6 hours extraction during_which

the cells werdOQiguaprs of gxeen preasted e0e9a NARS: eRBFEdnIRg driddd %and

was found to 'Q%ng ' 443 5¢kh % at BOPgction
of 97 %6-Theﬁgﬁ%g§§ﬁ%nﬁ%5é£§% at?géﬁgﬁégéa?égEﬁgag%eog.aggégy fallow ng an
i dent.i cals pr stk dhaur thtokieatn | deglngreagapie BOp§EULSi RE A9cda ni bs
containing 1.399 %theobronine instead of 1.37 %the content of theobronine
was reduced to-0.361 % hat is a 74.2 %reduction. In this Exanple the

caf fei ne contZhe swsllercoeeaurtls aweret exssacsaddinothaee 29138en e3¢ uced

by the procesg, {4408 04@ Grahd O fﬁf&ugh witbhMeupercritical carbon dioxide
| fldwed at a temperature of 900C ahd.é_pressu:e of 300 bar.

10. The carbbh“dioxide-ﬁas,f:éed £rom the théébrom;ne by passing

.”through a column of active Charcpai_containing 40 % by

weighf'owaater; After 6 hours extraction durihg which the

:Cells were changéd'everY'z hours, the cocoa was removed and

: dried and was found td_héve a theoﬁromine content of 0.04 &,

" 15 ”thét is, a reduction of 97'%,'¢here.was no loss of fatty

' material. | ‘ | |

- Example 4

SRR

'20 By following an identical proceduré to that described in.

" Example 2 but using cocoa nibs containing 1.399 % theobromine
'instead of 1.37 % the content of theobromine was reduced to
0.361 3, that is a 74.2 % reduction. In this Example the

~ caffeine content was ‘also measured and it was found to have
25 been reduced by the process from 0.070 % to zero.
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/1. A process for extracting xanthine stinulants froma cocoa material
whi onpri ses contacting a cocoa 5 material swollen by treatmehi wisth

at Neagt 0.1 part by weight of water per part by wei ght of cecoa.with a o d
f ood- accept a‘gmv\eﬁr‘g‘as—mh;ch i's super-critical In respect of * - S
tenperature ﬁ[’m’ par at.i ng t he sol 'vent gas contai ning the

xant hi ne_sti m’ggﬂml len 10 cocoa naterial having a reduced
content of xAnthlﬁe 5t 1su A process according to claim1l in ‘
whi ch the food- acceptable solvent gas is SUPEI‘CI‘I'[ICEN carbon di oxide. 15/

3. A process according to claiml.or claim2 in which the cocoa materi al
consi sts of green,- ground unroasted cocoa ni bs. 20 4, A process

according to agy xjiug he precedi ng clainms in which the cocoa material is
swol | en by addi-n'g—MjomO 4 to 0.7-parts by weight of water per ‘part by
wei ght of cocoa material. 25 5. A process according to any of the

preceding claing, i n W'gﬂ’béé‘@s efd ¥ %if%c*?n?akéh?mﬁﬂt s#imd 1bARERRLH € Of
from80 to [ERR]. ocess’ accord |ng o any of the- .precediing clains

30 in which t“hé°é3&°r mf%hiq's which corppit i afSacanéesarlesof ot £8FPI50 t o
350 bars. 57.  mdt e iafessveElben tby0t £ ®a BRYn fwi BB arewélsmgocllalpla&ﬂ Bywhi ch
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process accor diauredpotab b nso?lwent/\m«th whéchankhsupest-:mhanhsl dmne rleelple\ced
fromthe SuDe”%?tﬂéﬁﬁerature and pressure and sepurcting the solvent
gas containing the xanthine stimulants from the swollen
10 cocoo'matéfiai having a reduced content of xanthine
 stimulants. '

2. A process océbrdlhg'to.cldinll in which the food-
acceptable solvent gas is supercritical carbon dioxide.
15 ' ' -
3. A process according to claim 1 or claim 2 in.which
 the cocoa material consists of gteen, ground unroasted
cocoa nibs.

20 4. - A process according to any of the préceding claims
in which the cocoa material is swollen by adding from _
0.4 to 0.7 parts by weight of water per part by weight of
~ cocoa material. | | ' :

25 5. A process acébrding to any of fhé prééeding claims
in which the extraction is carried out at a temperature of
from 80° to 100°C.

é. A procesé according to any of the preéeding claims
30 in which the extraction is carried out at a pressure of
from 250 to 350 bars.

i
7. A ﬁrocess acqotdihg to any of the preceding claims
in which provision is made for regenerating the

35 supercritical gas by theremoval .of substantially all of the



5 gas.hy washing with water to forman aqueous solution of the xanthing, /;
stlnuiants 9: . A process as clained in claim8 in which the xanth- In f
stlnulants are recovered fromthe aqueous solution 10 by evaporation. 10z
A process according to claim7 Jn which the xanthine stinulants are renpved
from-t he supercritical gas by adsorptlon on active charcoal noistened with

15 from30 to 50 % by weight of water. 11. - A process according to any

of claims 7 to 10 in which the renoval of the xanthine stinulants fromthe
shpércrltlcal gas is carried out at the someBtenperature 20 and pressure

as are enployed in the extraction of the xanthine stinmulants fromthe cocoa

material. 12. A.process accordlng to any of clains 7 to 11 in which the
r egener at ed suﬁ@’r"t’rh't'?%a%”gj‘&é qnt gskeken 9® by chhtact a fresh batch of
cocoa material. 13. A process for extracting xanthlne stimulants froma

cocoa naterialgfubst tlall% as_descry bed W L i ub ar gLerence t-o
any of exanples® to RF4ys 9c ?%E% N9t @r f &7 mhen Bxtra Epe By a process
as claimed in anidiind as nbndl ot 43ar85removed from the supercritical

5 gas by-wushing with water to form an aqueous solution of

the-an}hine stimulants.

9. A process as claimed in claim 8 in which the xanth-
ine stimulants are recovered from the aqueous solution

10 by evapprotion.

10. A process according to claim 7 in which the
xanthine stimulants are removed from the supercritical
gas by adsorption on active charcoalvnmlsfened with

15 from 30 to 50 % by weight of water.

- 11. A process according to any of claims 7 to 10 in
. which the removal of the xanthine stimulants from the
supercritical gas is carried out at the same temperature
20 and pressure as are employed in the extraction of the
xanthine stimulants from the cocoa material.

12. A procéss according to'ony of claims 7 to 11 in
which the regenerated supercritical gas is used to
25 contact a fresh batch of cocoa material.

13. A process for extracting xanthine stimulants from

'@ cocoa material substantially as described with parti-.

, cular reference to any of examples 1 to 4.

30 | |
14. . Cocoa material whén extracted by a process as
claimed in any of claims 1 to 13.
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