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1 1
METHOD AND ARRANGEMENT FOR PROCESSING COCOA MASS;

RESULTING PRODUCTS

Field of the Invention

The present invention relates to processing of
cocoa. It p

arzicularly concerns processing cocca mass
to gesnerate separated cocoa powder and cocoa butter,
both at dessirable quality levels and in desirable

yielids.,

Background of the Invention

Cococa beans may be processed into cocca butter
and cocca powder. Cocoa butter represents a pcriion of
the fat content isolated from the cocoa peans. The
cococa powder represents remalining solids, alter
processing to recover cocoa butter.

Cocca butters are widely u:ilized food
additives. For example, cocoa butter is used in the
producticn of chocolate. Cocoa powder 1is also used aé a

focd additive Zor flavor and coloy, for example, o

prcauce chocolate Iflavored milk, cake mixes and brownie
mixes.

In gensral, cocoa beans are harvested in
tropical countries. Beans from diffierent regions do

provide somewhat different tastes or characteristics.
For example, for chocolate, many European manufacturers
prefer beans from Ghane and Niger:ia (Ivory Coast)
because ¢i their flavor. For top quality chocolate,
South Americar, West Indian and other so-called flavoer
beans ars often used. The pressing industry may select
beans containing fat with higher melting points, such as
those obtained from Malaysia. Regardless of the source,
the same general processing techniques have been used.
In typical processing, the cocoa beans are
harvested within a husk. Typically, the beans are dried

in the fields, and dehusked. The beans are then
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subjected to various forms of heating, for example to
intense infrared treatment, to pop the shells and in

some instances for microbiological control. The shelled

o3

eans are generally referred to as cocoa nibs. The nibs
are separated IZrom the shells, Ior processing.

In typical processing operations, the nibs are
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and i some instances suzjected to dutching
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zreatment or alkalizaticn). The nibs are then
ground, cften with significant czneration of heat.
The grinding is generzlly done to provide a

fineness in th=2 mass such tha:t there will be no

grittiness felt in the mouth, whzn eating resulting
products containing the cocoa powder. The grinding is
normally ca

n n

rried out in a series of mills; for example,
G to a size of less zZnan 300 microns using &
hammer mill, blade mill, disc mili or pall mill,’
fcllowed by fine grinding using & triple disc mill or
staged acitatcr ball mills. 1In general, sufiicient
grinding is conducted so that tne resulting cocoa

powder, after separation of the cocoa butter, will have

a particle size of less than I wI. % retained on a 200
micron sieve and less than 30% rsteined on a 30 microrn
sieve. & typical average part:icie size would be between
2 micreons and 20 microns.

Some manufacturers do not grind the nibs
sufficiently to achieve this finsness, but rather engage
in further refinement with later processing steps.

In general, the mass which results from
grinding of the nibs is referred to as “cocoa mass” or

“cococa iiquor”. At room temper

v

ture, it is a thick

solid mass; however, when heated above the melting point
cof the fat it forms a viscous, flowable slurry. Typical
cocoa liguors contain about 50-58% fat and 42-50% powder
(or remaining solids), by weighz. The moisture content
of cocoa ligquor 1is generally at a maximum of about 2.5%.

The pH is typically within a range of 5.2-6.0. The
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shell content, by weight, is generally no more than
about 1.75%. The fat content of cocoa ligquor is that
portion generally referred to as "“cocoa butter”, after
it nhas been separated from a remainder of the mass.

In gesneral, about 30% of the world cocoa pean

(9]
by
O
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s converted into cocoa mass in a country where it
s grown. This material is sometimes referred to as

inal” liguor or mass. In later processing, such
mass 15 not necessarily used alone, but sometimes is
biended with mass or liquor from other sources.

In conventional “press” processing, cocca

liguor is mechanically pressad, to physically “squeeze”
a pertion of the fat out. In some instances the mass
may be washed, to modify flavor or cclor. Generally up

o

to about 80-83% c¢f the fat content (ol the 50-58%) can
be removed from the cocoa mass, by mechanical pressing.
This typically leaves a cake comprising abour 10-20%
butter (often 11-12%), by weight, the remaining
comprising cocoa powder. Cocoa powder with a fat
cerntent of about 10% or below is often referred tc as
low-fat cocoa powder. The fat which is isolated by
mechaniczal pressing is typically called “press butter”.

The time and pressure it takes to remove the
fat by pressing, to generate isclated press Dbutter
increases substantially when the process is practiced to
reduce the residue cake from about 20% fat content to
about 11% fat content or lower. To reduce the fat
content from 20% to about 10% may require twice as long
cf a processing (pressing) operation, as to reduce to
20%. Inaceed, it may not be practical or even possible
tc get to less than about 5-9% fat, by weight, in the
resulting cocoa cake, by conventional pressing
techniques.

According to one report, whole cocoa beans
have been processed without previous deshelling by

continuous expeller techniques. The expeller cake and
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various resulting cocoa waste materials would then
aprarently be defatted by means of solvent extraction.
The defatted residues from such a process, however,
would be unlikely to be useful as food products, since
they wouls contain large particles, such as snells and
miscellarsous ditrious associated with the shells, which
provide an unpleasant feel to the product. The isolated
fat from such sources (which may include fats from
portions of the cocoa bean other than jus:t nibs) would
also liksly be of infericr quality.

Herein the term “cocoa butter” will be used to
refer tc the fat which is isolated from cocca mass,
during & separation process. Cocoa butter, which
primaril;y comprises triglycerides of acids such as oleic
acid, pa_mitic acid, and stearic acid, is & relatively
valuable vegetable oil commodity. It is somewhat unigue
among vegetable oils, because cf the combination cf its
taste, mcuth feel and melt characteristics. These, ir
part, result from crystalline forms of somz of its
constituents, which provide for a sharp melting point
lcw body temperature. Also, the heat reguired o
e crystals in cocoa butter rasults in a

ctexristic “cooling” sensaticn in the mouth, &

The remaining mass resulting from pressing of
the cocoz mass, 1s referred to herein as “cocoa cake”.
As indiczted above, with conventicnal press processing,
the cocoz cake comprises about 10-20% cocoaz butter, by
weight. Again, this represents the (practical) maximum
extent to which typical, conventional, mechanical
pressing operations can remove cocoa fat from the cocoa
liguor.

Typically, the resulting cocoa cake (after
butter recovery) also comprises a useful commodity. It

is generally ground into a powder and packaged for a
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variety cf uses. For example, cocoa powder made in this
manner is used as a flavorant (and for color) in such
materials as cake mixes, frestings, cookies, chocolate
and drinr mixes.

Conversion of ths cocoa caks toc the cocoa'
powder Iz no trivial matter. Due to the fat content,
typical.y 10% or greater, the cocoa cake zfter pressing
will be & clumped-togethsr mass. To convert it to a
powder, 1t must be cocled suZficiently and maintained
sufZicierncly cool, wnile it is broken up; and, in some
instances 1t must be further ground and sieved, again
without csneration of sufficient heat to reclump, due to
the fat content. In general it must be maintained below
about 27-30°C, or the fat content will nd to mels and
generats clumping.

)

Cocoa beans have pssn pr ocossod by pressing

‘general’y in the manner described above for many
decades. 2As indicated, the two principzsl commodities
obtained are: the cocoa but: isolated from the

in some applicatioens, the fat content {(10-20%)
cof the cccoa powder has been found undesirable. The
are applications in which it is desired that the
ultimate food product which is manufactured contain
relatively low amounts of various added fats or oils.
In recent years, then, processes of reducing the fat
content c¢f cocoa powder havs been examined. In general,

fat-fres cocca powders, i.e., cococz powders containing
no more tnan about 0.5% by weight cocoa buzter, have

T,
been gensrated by extracting the cocoa powder obtained
after pressing, via a supercritical carbon dioxide
extraction. The supercriticzl extraction reduces the
residual £fat content of the cocoa powder, leaving the

powder cefatted.
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U.S. Patent No. 5,405,633 (Heidlas et al.)
disclcses & process for the extraction of fats and oils
from naturzl products such as plant, animal or microbial
starting materials. According to the disclosure, the

sxtractior is performed using liguid propane at a

pressure between 10 to 30 bar and 10° to 55°C.

PCT Apoplication Publication No. WO 54/15483
(franks) discloses a solvent extraction process which
includes ccntacting a carbonaceous material with a

normally gaseous solvent within an extraction zone that
is maintained at temperatures and pressures that cause

o remain a liquid during the extraction.

substances containing fat and oil using compressed
a he disclosed process entails two steps: (1
extracting the natural substance with liquid pfopane
or butane at a temperature £ 70°C and a pressure of
< 599 par; and (2) subsequently extracting the natural

mpressed carbon dioxide at a
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0°C and a pressure between 70 and 500

G3 patent No. 742,537 (Chayen) discloses a process
for recovering fat from raw materials by subjecting the
raw material to a high speed series of repeated intense
impacts delivered through a liquid medium. The liquid
metidum is inert to the raw material and is not a
solvent for any substantial part of the residue of the
raw material after removal of the fatty material,
including liguid hydrocarbons such as hexane. The
process is conducted at usual atmospheric temperatures
(from 0°C to 38 °C).
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tem", International Food

solvant exTraction process invanted by CEF Systems Corp
xnich can Z& used to separate crnocolate liguor into

powder. The extfacticn
d extraction
mixed with a liquefied
gas solvent such as propan

Hsidlzs, "Propane Extraction in Food Processing"”,

Tood Markezing and Tachnology, 8(6):38-43 (19594)
s

ed propane (i.e., pressure
f 50°C) to extract
u

o
lipophilic material from food products such as dried egg

Zisclilcses = Drocess Icr extractiing cocoa putter using &
supercriticazl gas such as carbon dioxide
22 PaTz=nt No. 42

39 817 (Wilke) discloses a process
pcwder from cocoa

sr optaining cocoa rutter and cocca
mass ¢y comzining the cocoa granules with a washing
Zluid (e.g., water) to form an emulsion which is
subsequently centrifuged at 27,000 to 30,000 rpm to
divide the =mulsion into three fractions: (1) the fat;
(2) the wasning fluid; and (3) the residue slurry (e.g.,
the fat fres dry mass of the cocoa bean). |

°CT Arglication Publication No. WO 85/03708 (Girsh)

discloses z process for reducing the allergenicity of
foods by trsatment with a supercritical fluid, such as
supercriticzl carbon dioxide.
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Summary of the Invention

Techniques for processing cocoa mass are
described. 1In general, the technigues concern
processing cocoa mass in a manner including steps of:
{(a) extracting cocoa mass with solvent to provide a
solvent phase containing dissoclved cocoa fat and a
residual solids phase comprising defatted cocca sclids:
h

o
®

and, separating solvent phase containing the

Fh

dissolvec cocoes fat from the solids phase. The process
can be conducted 1in multiple stages oI
extraction/separaticn, with a finel separation before
isclation of product(s).

L variety of separation techniques can be
aprlied. Certain preferred ones are described below.

In general, processing according to the
present invention will bes conducted under a pressure
sufficient to zllow for the solvent to be substantizlly
in the liguid phase, while the process is conducted
zbove the melting point of the cocoa fat. This will

1

typically comprise processing at a temperature within

a
=)

range of zbout 40-90°C, and a pressure within a range

n

ct
()]

about 16 psia to about 580 psia, depending on
particular solvent chosen. For example, when butane is
used, the pressure will typicelly be within a range of
about 50 psia to about 200 psia.

Althougn a variety ¢f solvents may be used, in
general it i1s foreseen that solvent or solvent mixtures
seiscted Irom propane(s), butane(s) and/or pentane(s)
will be preferred. With respect to quality of isoclated
butter, from the extraction/separation, the most
preferred solvent identified thus far, as indicated by
the experiments below, is butane. lthough various
isomers can (in some instances) be used, generally the
linear alkanes (ﬁ—propane, n-butane, n-pentane) are

preférred.
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Techniques according to the present invention
can be resadily applied to achieve, by extraction,
removal ¢f at least 95%, by weight, of 2ll cocoa fat in
the cocca mass extracted. Indeed, tney can be practiced
chieve extraction of at least 9%% by weight, of ail
, in the cococa mass, in many instances. In
, thils requires appropriate amounts, 0r extent,

of extraction. In some instances multiple stage

extractions will be used to accomplish this. In

least some instances, such an extent of fat recove

a i

y ~=r

be achievad whether the fat content of zhe mess

extracted 1s relatively high, i.e., greater than 45%
(for example, 50-58%) or relatively low, i.2., 20-45%

(perhaps due tTo some preprocessing) .

In general, cocoa powders {(cor iscizted solics;

(o]
M
1))
[
’ ’
¢t
-
3
)

from vreferred practices cf the rpresen
2
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will contain no more than apbout 2:, and

typically no more thar about 1%, cocoe fat, by weight.
Fat contants of less than C.5%, by w., are ach:isvaple.
These latter cocoa powders may bes =spezially

d products to be desigrat

‘U
H
(D

'O
o
A

i c e :

under - the NLE2X (Nutritional Labeilinc Education hcl).
In generzl, when multi-stzage ex

conducted, it 1is typically preiferabl

t sclvenz. That is,

b
most defatted cake with the freshes
o

the preferred multi-stage extraciions are red In a
somewhat countercurren: fashicon or rorm. Frefcrred
processes will be conducted in such a manner that the
fat is extracted relatively efficiently, for example
through control of conditions, and relative amounts of
solvent and sclid phase, such that a concentration of
fat in the solvent phase after a step (for exampile,
including multiple stages) of extraction is at least
15%, preferably at least 25%, and mest preferably at

least 35%, by weight.
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In general, preferred processes according to
the present invention will involve extractions at
pressures greater than atmosphere, typically about 50
psia to 230 psia (for butane) or 50 psia to 400 psia
(fcxr prorane).,

According to the present invention, preferred
procducts zre provided. These may comprise, in part,
good quality (or better) cocoa butter achieved by the

techniques; and, desirable cocca powder products.

Brief Description of the Drawings

Tig. 1 is a schematic process flow diagram of
a first process embodiment accerding tc the present
invention; and,

ig. 2 is a schematic process fliow diagram cI

1y

a second process empodiment according to the present

invention.

Detailed Description

I. Some Drawbacks to Conventional Cocoa Processing

As indicated above, in genersl many cocoa nib
processing methods (to isolate high quality cccoa butter
and cocoa powder) applied in the past have involved a
step of mechanically pressing the cocoa mass, to
generate cake and separated butter. While various
designs of equipment have been developed for this, in
general the equipment has been constructed to operate at
high pressures, on the order oI abocut 6000-8000 psi.
This has cgenerally reguired relatively expensive, high-
maintenance equipment.

Also, a pressing operation is typically a
batch operation. As such, processing using a pressing
operation is relatively slow. As indicated above, the
rate is greatly affected by the extent to which the fat

is to be removed from the cocoa mass. Efforts to obtain
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high cocca butter yield, i.e., greater amounts of fat
removal, require substantially greater amounts of time

in the press. At some pecint, a practical limit is
P

13
(D

ached &7 which further fat removal cannot be readily

accomplished. In many systems, this is at a fat content
of apout 11%. It may, in some instances, be as low as
9-105%. ‘Zilfferent varieties of cocoa plants generate

beans o0f different propensities with respect to
pressing. )

During the pressing operation, the resulting
arxe beccmes relatively hot, typically about 80-110°C.
Cocoa prccessing has therefore generally reguired a steép

£ enhcusing the cake for a day or so, or use of heat
removal systems, to cool the cake down sufficiently for
further Crocessing to be undertaken. A reason is that
when the Zzke is het, the residual fat qelts and causes

the cax2 o clump severely.
In general, the desirable cocoa cr chocolate

flaver and/or color, resulting from use of the cocoa

.powder, stems from the nonfa:t components of the cocoa

powder. That is, the portion cf the cocoa powder, i.e.
16-20% by weight, which comprises cocoz fat is not,
generally, essentizl to the operation oi the cocoa

powder

Al

s a desirable food additive for cocoa flavor

and/or

9]

cior. However, the fat content represents an
inconvenience due tc its weight and physical
characteristics. Also, it may provide undesired
nutritional characzeristics.

Supercritical extractions of press cake with
COax, to r=duce fat content in the cake, are undesirable,
especially on & large scale, because relatively
expensive high pressure equipment is nesded, and large
amounts ¢Z CO; are required. In addition, the relatively
low solukility of fat in CO; (typically on the order of a
few percent or less by weight), reduces substantially

the desirability of the process. Also, CO; extractions
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(in practice) should be operatad on a powder (not a

liguor) because the high surface area is needed for a

cractical sxtraction. Thus, in generzl the physical
characteriszics of cocoa mass, coupled with the low

solvency ¢Z CO:, severely limits mass transfizr oI cocoa
fats intc The solvent phase and the utiliity of CC:

sxtractions.

IZ. Some Desired Characteristics for Cocoa Processing.

Tie to the relative value of cococa butter, by
compariscrn tTo cocoa powder, it is desirable to recover
=25 much ¢f <he fat content of a cocoa mass, as cocoa
sutter, as is reasonzbly and cost-effectively fzasible.
“owever, &3 indicated heresinbelow, the preferred

charactariszs=ics of cocoa butter are such thet while

1

isclation =2F tha cocca butter is desirabples, it must be
contreclled in a manner which results in a cocoa butte
cf certain preferred physical and chemZcal
characteristics (i.e., quality).

Also, cocca powder contains many components
-esponsiplz for its desirable flaver and color. It is
creferred that cocoa processing be conducted in a2 manner
such that undeésirable modifications in the cocoa powder,
with respect to thoss, ars not made. For discussions of
the complex compositions of cocoa powder see:

(1) Hashim, L., et al., “Extraction and determination of
methylpyrazines in cocoa beans using. coupled steam
distillaticn-microdistillator”, Food Rassarch

internaticrnzl, Vol. 27, p. 537-544 (19%4); (2) Ghizzoni,

'C. et al., “Composition of Volatile Fraction of

Industrial Chocolate”, Italian Food and Beverage

Technology, March 1995, p. 3-13; and, (3) Keme, T.,

“Heat Treatment of Cocoa--Problems and Controlling”, The

Manufacturing Confectioner, June 1984, p. 101-108.
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It is also preferred to- provide a low fat, and

preferably fat-free, cocoa powder. These would be

\J

powders with z2 fat content of less than 2%, more

preferably less than 1% and most preferably nc more than

{and Inde=d, less than) 0.5%, by wt. \
-t is preferred to develcop processing in

wnicn, after ths cocoa nib grinding process, the cocoa

mass: (1) is not, again, heated to abovs about 90°C;

(2) 1s not trezted with agents which will substantially

iify the desirable characteristics of either the

0]
o O
T QA

arated cocce butter or the residual cocoa powder;
and, {3) is not treated with agents that leave or cause
s

ignificant residues in the products.
Another p

reference is for & process whic
generates solids, from the separation step, ir a form
ulre substantial periods of
orage; (2) does not reguire
ubstantizl processing (grinding, etc. beyond simple
ea¥-up and sifting) to provide for a fine powder; and,
S table, I.e., deces not reclump
substantially ugon exposure to the types of temperatures
ered in storage and shipment.

and other preferred characteristics and

beneiits are readily achievabie with certain ¢f the

preferred techniques described herein.

III. General Characteristics cof Processing According to

‘the Present Invention.

According te the present invention, a solvent
exXtraction process is applied to cocoa mass, in order to
provide for isolation of sesparated cococa butter and
cocoa powder therefrom. -Preferably the extraction is
conducted with a relatively low molecular weight (i.e.,
no more than 75 molecular weight-mw) hydrocarbon, or
mixture of hydrocarbons. For example, propane(s),

butane(s) and pentane(s) or mixtures thereof, can be
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used. Either linear or branched forms of those
hydrocarpbons are useable; however, the linear
hydrocarbons are preferred. Preferably, the solvent is
one in wnhich the cocoa fats are soluble at least up to
10% by weight, more preferably at least 20%, and most
preferably considerably more. Preferably saturated,
unsubstituted alkanes are used. n-Butane is preferred,
although n-propane is alsoc desirable. The process may
be conducted in a continuous or flow-through manner.

In some applications, a step of mechanical

r other preprocessing of the cocoa mass can be

voided. That is, cocoa fat 1s extracted

<
Hy
H
o w

m & cocoa mass, without any step of pressing

of the mass. Advantages which result from this include:

(1) final yield c¢f cocoa pbutter (based on fat content cf
D

c
ng increased over pressing techrniques,

the mass el
because the extraction approach can be operated to
procvide £

for a higher amount of isolation of cocoa fat
a

"
0
3
0
0

mass than is practical with mechanical

c
ssing technigues; (2) avoidance of the substantial

t
M

3

‘ng, associated with pressing; (3) avcidance of

=
i)

ssing equipment; and, (4) attainment of & low-fat,

1) I o R S © B
(D
m
(!
l)

zsy to handle, cocoa cake or powder. Technigques
according to the present invention can be applied to
remove 93% or more, and in many instances 99% or more,
of the fat content cf the cocoa.mass. Thus, & recovery
of 95% (indeed 99%) or more of cocoa butter during the
extraction is feasible; and, a cocoa powder containing
2% or less (indeed, 1% or even 0.5% or less if desired)
by weight fat is readily achievable.

In spite of the fact that an extraction
(rather than simply mechanical processing) 1is conducted,
the resulting isolated cocoa butter has been found to be
desirable as a potential cocoa butter commodity. It-
demonstrates appropriate melting point characteristics,

texture characteristics, etc., desirable for use in food
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processing. Indeed, depending on the source of cocoa
beans, it can be isolated as a relatively high quality
cocca butter, as discussed below.

In gesneral, the quality of cocca butter
cbtainable with techniques according to the present
invention, involving extraction, at least matches the
quality of butter that can be isclated from the same
cocca mass material using pressing technigues, even

thougn its selected yield may be nhigher. Thus, if a

pressing technique to a 10-12% cake, conducted on a
selected source of cocoa mass, results in a butter
having a specificelly defined d/g value or B% (d/g and B
are di

discussed hereinbelow), practice of techniques

'}
(9]
@]
Q
[

ding to the present invention invelving separacion

O

th

o1
1

n2 fat by extraccion will, if practized on cocoa

mass Ifrom the same source, typically provide 2 separated
putter of at least the same d/g and/or B% values; and

typically similar or better overall quality.
' In addition, in spitec of the fact thaz the
éocoa mass 1s treated with an organic sclvent for
extraction, the resulting cocce powder is found to
possess desirable taste, mouth Zeel and related
charzcteristics, to be useful and desirabls as a food
additive.

Herein, the term “cocoa mass” is used tc refer
to a mixture of cocoa fat and sclids. A “cocoa mass”,

for example, would be ground cocoa nibs, before later

- processing, whether dutched or not. The term “cocoa

ligucr” is used herein to refer to cocoa mass which
resuaits from grinding cocoa nibs (whether dutched or
not) but which has not been modified with respect to its
fat content (typically 50% or greater). Thus, as the
terms are used herein, a “cocoa liquor” is one type of
“cocoa mass”. The term “cocoa mass” is also intended to
include within its scope the result of MOdifying cocoa

liguor, for example compositions which have been
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modified by the addition of further cocoa butter Or
similar materials thereto. In addition, techniques
according to the present invention can be applied on
cocoa mass which has already been mechanically pressed

(oxr otheryise modified -- perhaps by centrifugation),

[}

O

LA

example to a fat content of 20%-30% or greater.
guch @ hybrid process (using both mechanical pressing
(cr centrifugation) and extraction for fat removal) may
b

m

desirable, in some instances, for reasons discussed

rnerally below.

Q
(4]

One reason zhat the preferred solvents are low
molecular weight (i.e., no greater than 75 mw; nonpolar
alkane solvents is that iv nas been Zound that such
sc-vents readily exntract the fat content, without

ex-racting flavor compouncs desiraple in the powder.

= =i

Sreferably the solvent ssed in tThe extraction 1s one
wh-ch can be easily separated Zrom: (1) the extracted
pu-ter; and, (2) the recovered solids (powder).
oreferably the solvent is also one that can be readily
recovered. Most preferably, the solvent is a category 1
solvent zpproved by Tne Council of the Luropeen
Committess (June 13, 1988 Council Directive) I
rozessing. Food grade propanes and butanes
generally meet all of the above stated prefersnces. Tne
amount cf solvent 1s preferably chosen such that, before
isolation of the cocoa putter, the separated solvent
phase will comprise at least 10%, preferably at least
25% and more preferably at least 35%, by wt., cocoa fat.
This can be achieved with the preferred solvents
identified.

Although not necessarily preferred,
alternative solvent systems are possible. Mixed
sclvents, for example, may be useful in some instances;

In general, however, it is foreseen that preferably at

'Jeast 90%, by wt., (typically 95-100%) of the solvent

used will comprise a saturated, unsubstituted,
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hydrocarpbon oOr hydrocarbon (alkane) mixture comprising
either butane, propane or a mixture thereof. Again, the
straight chain hydrocarbons (n-propane, n-butane) will
pe preferred, and will preferably comprise at least 90%,
by wz. (typically 95-100%), of the unsubstituted, '
saturated, alkane component or mixture. These sclvent

T
efinitions are intended to allow for the presence of

0.

ct

se cor-aminants (or other components) typically found

[

ho
n food grade propane and butane solvents. That 1is,
uc

0]

ch solvants may, in mcst instences, be used witncut

£
bl

81

ther ;:1;1catlon.

e

Although it is foreseeable that in some
instances polar additives in the solvent mixture may be
desiraple, in general for processing to azhieve becth

desirable cococa butter products and desirable cocoz

powaser p:oducts,'. olar solvents will be avoidged. This
is bpecauss polar solvents may tend to modify the
characteristics of the powder, by extracting polar
components therefrom. Of course this latter could aiso

result ir a modification of the isoclated cocca butter.
It is foreseen that ether s>lvents, or

mivwzures cf ethers and alkanes, may be usable to effect

[v)]

desirable extraction. However, in general, ether

]

olvents are not desirable in Zood processing
cperations.

preferably the extraction will be performed
a=, or with the solids maintained at, a temperature
above the melting point of the fat, i.e., above about
35°C, but less than 90°C. Operation above the melting
point of the fat is desirable, to obtain high solubility
(and miscibility) of the cococea fat in the liguid solvent
and to provide a desirable reduction in viscosity of the
mixture. At about 90°C or higher, undesirable heat |
effacts in the products and excessive pressure

requirements, may result.
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In general, it has been found that the cocoa
fat is completely miscible in the liquid solvent
{alkane), provided the temperature is not too close to
the critical temperature. For propane, this would limit
the upper sxtraction temperature to about 70°C. For
solvents such as butane, the preferred upper
temperatures, about 90°C, is, again, generally controlled
by the heat sensitivity of the resulting products.

The operating pressure during the extraction
should generally be at least equal to the vapor pressurs
of the mix system, in order to prevent poiling. For

s

purposes of stem design, one can use the vapor

I'h

ct

Y
pressure o he pure solvent(s) at the temperatures of

}_l
3
ct
[¢)]
=
Q)
)]
( r
v
n
oY)

3

indicator of the appropriate opserating

v
31}

U
(-

¢ I below repcorts: the vapor pressure at
54°C; =—he critical temperature; and, the critical
e

pressure for some of the solvents of interest.

TABLE I
Vapor FPressure| Crit:icel Critical
Solvert ® 34°C (psia) | Temp. (°C) | Pressure (psia)
n-propane 280 57 617
n-butane 8C 153 530
n-pentane 30 157 484

In general, extractions according to the
present invention can be operated in a numper of stages.
Typically, it is expected +hat they will be conducted
with two to five stages, with the specific choice being
based on net cost versus penefit. In general,
increasing the number of stages allows a more
concentrated sclution of fat to be obtained, reducing

operating costs.
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Herein when reference is made to steps of:
“extracting cocoa mass with a solvent”; and,

“separating” a solvent phase from a solid phase, the

intent Is to refer to an extractior process which may be

5 either cne stage or multi-stage. When the process is
multi-stage, the step of “extracting” could well
comprisz multiple steps of extraction/separation, due to

the varZous stages. The “final” or “last” step of

“separeting” when used in this context, will generally

rt

10 refer tc the separation which occurs after the last

It

stage ¢ extrzction, i.e., the “separating” step or step

h

of sepe

"

ation prior to isolation of fat and/or powder.

Table II below shows the calculated mass

th
}—
O
s,
n
[$1)
.}
Q.

concentration of fat in solvent, for various

3
O
D
1~
()]
Q
th
ct
jo
[t
(6]
=
m
it
’_1
(@]
1}
' -

u stages in system based on 6,820
1bs./nhcir cI cocoa liguor. The mass flows will hold Zfor
any of th2 preferred solvents. It is generally believed
that any liqusiied hydrocarbon, at a temperature above

the melting pecint of fat and at least 30°C below the

20 .« criticzl temperature of the hydrocarbon, is capable of
dissolving the fat concentrations indicated in the
Takble

Table II
Three Four
Ones Stage | Two Stages Stages Stages
Solvenz 0,000 21,80C 9,500 6,400
Rate
(lbs./h=.)
Fat Conc. 1.8 23 40 53
(wo. &9
25

In general, when cocoa liguor is prepared
using conventional processing techniques, the solids cf
the cocca liquor will have been ground to a mean
particls size of about 7-10 microns. This is a

30 relatively fine particle size. While it helps ensure

rapid extraction, such a fine particle size can make
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separation of the solid phase from the extracted phase
somewhat difficult.

In general, herein when reference is made to
preferred steps of “separation” or “separating” to
separate sclids in solvent phase, prior to isolation of
outrter and/or powder, what is generally meant is a
separation such that no more than about 6%, by wt.,
solids content is found within the separated sclvent
phase. Sometimes the percent by weight of solids
carried in the sesparated solvent phase will be
substantially iess than this. However, becauss some ci
the solids are extremely fine, It 1s expected thazt
typically some will still be found in the solvent phase
after separaticn. These can generally be reduced IO
whatever level is desired, Dby fil-ration/clarificaticn
techniques operated on either: —he so.vent/fat phasc
prior To removal ci tne solvent; or, the isolated
butter, after scolvent has been removed. In general,
such a filtration/clarification operationr should be
coqducted sufficiently for the final isclated cocoa

bu-ter Tc be of the desired clarity, texture,

+ o~
[

()]

In general, any separation tecnnique which can

vel of separation iden-ified above, on
the materials involved, is usable. It is foresseen that
simple mixer/settler technology approaches, at least
using conventional equipment, will generally not be
preferred. This is because the solids phase resulting
from mixing solvent and cocoa mass (which has previousiy
peen ground) will be sufficiently fine that settling
will not be a fully desirable technique of separation.
Thus, it is foreseen that preferred separation systems,
with presently available eguipment, will generally be
one of two types: (1) decanter/centrifuge or

hydrocyclone systems; or, (2) mixer/filter systems. In
-

a detailed description below in connection with Fig. 1

a specific example using a decanter/centrifuge system 1is
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described. In connection with Fig. 2, a specific

example illustrating a mixer/filter system is provided.

IV. Process Flow Diagrams for Typical Systems.

Attention is now directed to Fig. 1. In '
“i¢. 1, =z process flow diagram is iilustrated, showing
processing of cocoa mass according to one of many
possible applications of the present inventilon.
Referring to Flg. 1, a cocoa mass feed into the system
is illustrated at reference numeral 1. It is

us

anticipatsd that in typical processing, the cocoa mass
in feed 1 will comprise the result of grinding cocoa
niks, ancd will contain about 54% fat (50-58%) and 46%
powder {(4£2-50%), by weight. This feed cculd comprise,
nib material which has beer c¢round in

a
z cornvert-ocnal manner, but has not beern vressec for

mechanical removel of cocos butter; i.e., it may
comprise cocoa .iguor as the term is defined hereirn. OF
course the material may be the result ci & dutching
1brocess, put there is no reguirement cf th:is

It is fecreseen that cocoz mase in lire 1 coulda
alternazely comprisef (1) mixtures cf unpressed coccoa

T

ligquor with other material; or, (2} cocca mass which has
beer mechanically pressed (or cerntrifuged) for some
removal oZ cocoa butter therefrom. Inaesd, 1n some
instances, technigues described herexn cculd be zpplier

to remove cocoe fat from a cocoa cakc that has resulted
from conventional mechanical pressing.

Referring to Fig. 1, cocoa mass at line 1 is
shown directed into a tank 2. In tank 2, the cocca mass
is mixed and maintained liquefied. A steam circulation
heating coil is indicated at 3, for application of heat
to maintain the cocoa mass above the melting point of
the cocoa fat. (The melting point for typical cocoa
fats is around 27-33°C.) It is foreseen that typical

cocoa masses will preferably be heated to temperatures
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within the range of 40-80°C, in tank 2, for convenient
processing.

Referring still to Fig. 1, cocoa mass is shown
directed zhrough line 4 into mixing tank 5. In
addizion, solvent is directed into mixing tank 5,
through line é. The resulting solvent/cocoaz mass
miyture is shown removed from mixing tanx 5 via line 7.

For the system shown in Fig. 1, the

olvent/cocoa mass slurry of line 7 is <

1)
)
ot
[
[oR
=
.
ot
¢}
o]

r
separator system or arrangement 10 for sparation of the

ct

s
sclid and liquid phases. A separator 10 may comprise,

for example, a2 horizontal decanter centrifuge operated

to ssparate the slurry into two phases comprising: (1) a
hydrocarbon solvent phase containing dissclv fat; and,
(2) a powder (solids) phase comprising rssulting (ér
rasidual) cocoa solids with reduced fat content. The
powder phese (sclids phase} is shown removec from
separator 10 via line 15, and the solvent phase is shown

removed from separator 10 via line 1€. The solvent
phase is directed via line 16 Intc storage tank 17.
scrage tank 17 is previded with & steam neating coil 18
to maintain solubility of the fat (butter). The
solvant/fat is shown directed ottwardly from tank 17
through line 19 into solvent separator 20. The solvent
separator may comprise, for example, an evaporator, with
the resulting butter (non-volatiles! shown drawn off in
line 21, to storage. The solvent is removed from the
solvent evaporator via line 22, and is directed Into
solvent storage tank 23, for recycling into the
extraction. - (Of course a condenser, not shown, 1n line
22 may be used.) If desired, either before introduction
into the solvent separator, or after, the material may
be clarified, for removal of small amounts o solids
therein. This would typically be accomplished by

circulating the material through a clarifying filter.
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Referring still to Fig. 1, the powder or
solids prase of line 15 is shown directed into heated
mixer 30. Solvent from tank 23 is directed, via line
24, into mixer 30, to conduct another stags of
extracticn. The resulting slurry is directed through
line 21 inzo sesparator 32. The solid phase or powder
nase frcr the separator 32 is removed via line 32; and,
he solvernt phase is shown removed via line 34. The
solvent via line 34 1s then directed intc mixer 5 via

€, for conduct of the first extraction stage

ec aboves. Separator 32 may alsc comprise a
horizentza. decanter centrifuge similar to separator 10.
Herein the first extraction to which solids

directed in the system are subjected, will be referred
t h

[l
Hh
}.l

rst stage” of extraction. For the system
snown ir. Tig. 1, this would be the extraction which
occurs as & result of mixing in mixer 5, with the
concomitant separation in separator 1C.  The nex:t stags
or second stage is the extraction which results from
m%ﬁing r. mirxer 30, with follow-up separztion at

separater 22. The last time solvent 1s mixed with

-
o

solic rha

4]
h

, for extraction, wi.l generally be referred

tOo nerein

1]

s the “final” or “last” stage ci extraction.
For the svystem shown in Fig. 1, this wculd comprise the
mixing that occurs in mixer 3C, with fcllow-up
separation at separator 32.

The powder (solids) phase via line 33 is
directed into a surge tank 40. From the tank 40, it is
directed into a solvent evaporatcr 41, with the
devolatilized powder product removed at line 42, and the
collected volatiles directed via line 43 througn
compressoxr/condenser and into solvent tank 23. An
advantage to the use of low molecular weight alkane
solvents, such as propane and butane, is that the solids
can be readily desolventized without application of

steam to them. Typically good solvent removal will
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merely regulre some agitation with reduction in
pressure, and 1n some instances heat, to flash off

residual solvent. It 1s noted that in some facilities
ir will be desirable not to reduce the pressure, Ior
solvent recovery, any Mors than is necesszary to

adeguetely desclventize, in order to facilitate solvent

ing according to the preasent technigues
is pzriicul vantagsous with respect 1o the nature
of —r= powder obtain=gd. The powder is obtained in &
relacively fins form. If it clumps somewnat, it can be
easily broken and sifted, to produce a high guality, low
fat, readily handlezble, flowable, powder. Due to tne
low fat content resulzing from the ew-raction, iz 1s not
a very temperature-sansitive material. That is, under
orcirary storags temperatures, conveyancs Temperatures
and use temperatures, it does not as unassirably
reclump, 2TLC. &S pOwWders containing 10% or more fat.
Alsc, because it is obteined 1n a fine, or readily
sifred, form firom the extraction, grinding or

igcrous mecranical manipulations ci 1he nateriel may

In the fcllowing paragraphs, operatior. oI the
process in Fig. - wi.) pe further described, in
connection with one possible set of flow paramsters. In

i
particular, Cocoea liguor, COMErising 4° fat and 467

powder, by we

$-

ght, would be pumped as & liguid at 34°C

to the first mizing vessel. Approximately 8,820

j=a
b

1bs. /hour of T liguor would pe mixed with 21,750

1ps. /hour of i

Q

uefied hydrocarbon phase (for example,
butane solvent with some oil (or fat) therein) obtained
as an output of second stage extraction, via line 6.
The nydrocarbon would be expected to include about 400
ibs. of fat/hour, rasulting from extracz-ion in the

o
second stage. The mixing vessel 5 would be selected to
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nave a volume sufficisnt to provide for a residence time
te

of about Z-10 minu

Cther types of centrizluges may also be usaful, as

cescribed in Perry’s Chemical Engineer’s Handbook, 6th
4. (1984), pp. 19-8% zo 19-103. Equipment suppliers
~ould inclu:de Bird Machine Co. (South Walpole,

Vagsachuss==s), Westfzlia (Oelds, Germany); and Alfa-

(=

Taval (War-inster, Psnnsylvania). The separated liquid
phase, containing abcut 19,905 1bs./hour of solvent and
4,722 lbs./mour of faz, would be directed to the fat

racovery viz line 16. The solid phase, containing 4,057

‘ss./nour o cocoa sclids and about 1,847 lbs./hour of
solvent (a=z 440 lps./mour of fat) 1is discharged from

ra--r 10 via l1ine 15 into the second mixing

a
sassel 30, whers it wculd be contacted with 22,150

ims./hour of sclvent Irom the scivent working tank 23.
The time and temperaturs of mixing in the second mixing
vessel 30 would be anzlogous to the first mixing vessel.

e outlet of the second mixzing tank 30 would be

[

directed tc the second horizontal decanter centrifuge

re i- would be separated into a liquid phase (fed
to the firsz mixing vessel as described earlier) and a
solids-rich phase, containing about 4,057 lbs./hour
powder, 2,240 lbs./hour solvent and 40 lbs./hour butter.

The operating pressure of the system would be

about 80 psia when the solvent is butane. The solids
phase would be passed to a2 lower pressure system, where
the solvent is vaporized and collected by recompression
or cooling. The recovered powder would contain less
tnan 1% fact.

T~ the fat rescovery section, to which the fats

would be directed via line 16, dissolved fat would be
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sent to a lower pressure section for solvent recovery.
For butane, suitable conditions would be a first stage
solvent recovery at about 50 psia, with a condenser
temperature oI zabout 38°C and a bottoms temperature of
about 105°C. 2t those conditions, the solven:z content
of the fat phase would be reduced to about 10 wt.
percent, while allowing recovery of the solvent by
vaporization/condensation. The remaining solvent would
be strippec and recovered under vacuum. The recovered
fat couid p2 deodorized in a conventicnal manner, for
example by steam decdorization (short contact) and given
a final Ziltration for claricy. In some instances the

solvent remcval step and deodorization step could be

ugsd tc remove as much fat as possible, reducing
the solvent recguiremsnts. A second alternative would be
to use prepressed mass, which alilso has z lower fat
content than coceca liguor and thereby uses less solvent.
This latter may be a particularly desirable‘approach for
implementation in presently exlisting <ocoa processing
plants.

In particular, conventional processing plants
generally comprise the result of substantial
investments in pressing equipment. When such plants are
combined with techniques according to the present
application, in a hybrid process, the presses could
still be used to some extent, for processing tc remove
some butter and to reduce cocoa mass content to some
selected value, perhaps selected to be somewhers in the
range of 15 to 45% (for example, 20-40%) fat, by weight.
This could be conducted relatively rapidly, with
conventional pressing equipment, for increased
throughput. Further isolation of fat (as butter), and
reduction in fat content of the resulting powder, would

then be conducted with a follow-up extraction process.
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It is foreseen that in some instances this would be much
more advarntageous than the present practice of
atzempting to press the mass until the fat content of

tha resulting solids is recuced to below 20% (by wt.),

\

espacially when the reduction 1s to belcw abcut 15%.
itten~tion is now direscted to Fag. Z. In Fig.

2, & poss_ole aliternate filtration system is described.

In <hes system o Fig. Z, cococa mass would be pumped to &
first mixing vessel 60, via line 61. In mixing vessel
60, the cocoa mass would be combined with solvent
directaed -hereto via iine 62. The resulting slurry
wou.d be removad from mixer 60 via line €3. It would pe

dirscted into a pressurized, contained, pelt Ifilte

L]

system indicated generally at 65>. In belt filter system
65, thz slurry would be deposited onto pelt 66. The

primary liguid collected would be the preoduct stream

shown drawn off at 67. A fresh solvent wash would be
dirscted in a= lines 68, with removal =zt lin=s 69.

Defatted solid (i.e., cocoa powder) discharge would be
ks ~

as indicated generally at 70, with removal being via

-3
jog
]
0

olvent wash removed via line €9 is shown

iine 75 for recycling into to mixer 60 via
line 6-. The fat-enriched solvent drawn off via Zine 67
can be directed intc butter recovery processing, similar
to -—ha- shown for line 16, Fig. 1. It could be direc:ted
ino a ciarifier, not shown. Clarifiecd solvent would
then be directed to butter recovery. Back wash from the
f£:i1rer would be recirculated to line 6z.

The discharge via line 71 can be directed to
powder (solids) processing similar to thzt described for
the process in Fig. 1, through line 33.

The arrangement shown in Fig. 2 may be viewed
as a multi-stage extraction arrangement, with a first
stage indicated as occurring in mixer 6C, with

separation at line 67, and with the following stages
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occurring as a result of spray 68 and material draw-off
at 6% and 71.

rt
(o

< foreseen that the system of Fig. 2 could
pe cczerated, for example, on cocoa mass comprising 54%
46% powder pumped into mixing vessel 60 at 54°C.
Approximately £,820 ibs./hour of the liquor would be
mixes with abeut 8,300 1bs./hour of solvent obtained
from the filtsr cake washing via line 69. It is
anti<ipated thzt the system could be constructed so that

sucr solvent would centaln on average about 800

em could be configured so that the
ed at line 67 in a product stream
wou.4 comprisz about 4,723 lbs./hour of Zat and 8,12
ips./nour of solvent. As the cake moves down the belt,
;- weould be washed with ZIresh aliguots of solvent,
totz_ing abouz 3,82C l1bs. /hour.
1- is foreseen that with such & system, after
rziring, the cake woula stil: have a liguid content of
zpou- 10-20 wt. percent. AIter sc.venz recovery, the

desc_ventized powder woulc contain 1ess tnsn 1 WT.

system according to Fig. 2 were used, it

i

ig f-reseen thatl the pressure inside the belt Ziltration
system 65 will be maintained at a pressure high enough |
tha- the solvent after passing through the filter is
stil. at a pressure sufficient to preven- boiling. With
putzne, for example, the container vessel would be at
abou- 120 psi with a 35 psi pressuze drop across the

bel-, leaving the soivent collection travs at 85 psia.

V. Products.

Ls indicated above, according to the
techniques described herein, cocoa mass is processed toO
gensrate two isolated and desirable products: cocoa

putter; and, cocoa powder.
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In general, when preferred processes accordind
zo the present invention are practiced, a cocoa powder
1d of 97% or greater from the cocoa mass extracted,
can be cbtained having: a f£at content of less than 2%,
by wo. {cr <1% cr even <0.5% if desired); a particlé
cize of {.1/u tTo 40u; and, & mean particle size of about
5-10p. This material will be found to have a desirable
~occa flavor, mouth feel, ccloxr, etc., for use as a food
adagitive.
The c~ocoa butter isolated is alsc genere.ly
desirabls. The principal component cI cocoa butter

i
triglyceride which consists of a backbone of glyccrol

14
)]
ol
)]
ts
’A
Hh
}4
D
Q
s
|J
ot
)
o
on

hree fatty acids, in particular,

iz (0) and stearic (37) acids.

a
_peirg different from PSTO, although tne constlituent

acids in poth of these triglyceriades would bz ons-thlrd
palmitic, one-third oleic and one-third stear:ic.

| The triglyceride POST belongs to the group ol
triglycerides that are typically called symmetrical
monounsa-urated, referred to as “S0S triglycerides”,
where “S” refers to a saturated acid residues and "G to
oleic acid. Such “S0S triglycerides” comprise about 50
(by wz.) of the triglycerides in cococa butter.

The melting behavior of the fat (cocoa butter;

1 to its behavior in chocolate formulations.

4 that it is affected substantially by the
presence of "SO0S triglycerides” in the butter. In very
broad tarms, for example, SOS triglycerides are solid at
room temperature, whereas SO0 triglycerides are more

liguid at room temperature.
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from Industrial Chocolate

ed. by S.T.

Beckett, D.

(1993),

cocoa butters Irom various sources. In Tabls IV,
the same sourcsg, some-solid fat contents are provided.
Table II1
Triglyceride composition of cocoa butters
zrazil Ghana Malayslia
(Ivory Coast)

EE 1.0 1.4 2.3
SCS €3.7 76.8 84.0
S$SO 0.5 0.4 0.5
SLiS 8.9 6.9 0.3
S00 17.9 g.4 3.1
000 8.0 5.1 1.3
S = saturated Zatty acics (mainiy palmitic and stearic);
0 = cleic acid;

i = lincleic ecid
Table IV
Solid fat contents* (by pNMR) cocoa butters
Temperature

(°C) (°r) Brazil Ghana Malaysia
20 (08) ‘ 66.3 " 76.2 gl.z2
25 (77) E 60.1 70.4 76.2
30 3 ‘ 36.9 5.1 548
32.5 (90) § 6.6 13.3 19.7
35 {(95) 1 2.0 0.0 0.0

*Tempered at 2£°C (79°F) for 40h

content measursment.

It is significant that

according to

the present invention does not appear to

prior to solid fat

the cocoa processing
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result in any negative impact on the butter, by
comparison to conventional processing. Thus, if an
appropriate quality cocoa nib is used, for cocoa butter
producticn, techniques according to the present
inventicr. can be applied to obtzin a butter of good (or
preferrez; gquality.

In the experimental section below, some

definiticons are provided for functional or performance

characterizations of cocoa butters (used by buyers of
cocca buztzter as a commodity). In generzl, d/g vealues
ars an incication c¢f the hardness of ths butter. Hignher

/o valu=s indicate harder butters with faster setting

uyers of cocoa butter(s) for use in food

o SN S 03
}_14
=
®
n
L

izl typically have a preferred d ‘th

~

Ne}
h
O
=
-
H

<D

=

1 product. Witnh the techn

o}
(0
Q

{0
0
0.
[1}]
[9)]

a gu cr
se preferences can reacily be accommodated.
Indesd, z=zchniques according to the present invention
can be rsadily applied to obtain butters exhibiting d/g
values, zs defined, within the range identified as
satisfaczory, within the range identiiied as very gocd,
» he range defined as exceptiona., depending
upon .the cocoa mass selected. As the experiments show,
prelimirnzry indications are that in some instances d/g

values cresater than 0.18 or even greater than 0.20 are
a

digher beta (P) values are associated with

[$3)

r propensity for the butter tc crystallize.
uss according to the present invention can be

d
utilized to provide butters with percent B values of 13
h

The above indicates that: (1) conventional
“prime press butters” can be replaced with cocoa butters
isolated according to the present invention, in many
foliow-uz food processing operations; and, (2) the
exiraction techniques can be used to provide a cocoa

butter ¢f a predictable guality (and at least as good a
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guality as could have pbeen obtained from the same rawv
material by pressing). Thus, prime press butter can be
readily and completely eliminated from a recipe calling
thersfor, and can be replaced with an extracted cocoa
putter according to the present invention.

I+ is noted that residual solvent levels of S

-~

0

pm or less, pre erably 3 ppm or less (and indeed,
e

o)

sometimes D

O

ocC

Q

f
m or less), will be preferred for both
S d

a butt

4
=

4]

nd cocoa powders. Thess levels can be

[N

r

1]
At}
{1
1

i1y obtainad by the technigues described herein.

vI. Recipes

As indicated above, technigues accoxrding to
the present invention are vtilized to isolate: cocoa

e
putter; and, low fat, even “fat-free”, cocoa powder,

4
from a cocoa mass. The cocoa butiers may be utilized toO

replace cocoa butters in otherwise conventional recipes,

to advantage. The cocoa powders can also be ycilized

«Q

to
repliace cocoa powders in conventional recipes.

Referring first to the cocoa powders, X

ot

is

[1}]

noted that cocoa powaers isolated according to th
present invention generally have & lighter appearance
than conventicnal 1C/12 powders 110%-12% fat by weight):
The lighter color is generally a result of the lower fat
cor.tent. The powders isolated after extraction,
however, are generally acceptable, even in recipes
caliing for 10/12 powder, since the taste, texture and
color characteristics desirable of the powder are not
negatively afiected by the removal of the fat content by
the extraction technigues described herein. Indeed,
gernerally flaver impact is noticed to be enhanced as a
result of the loss of the fat content; and, the powder
material may be easier tO nandle, again due to the fact
tha- it does not clump when it becomes warm. Also, in
general, the color difference is not observed once the

powder is mixed into a food product.
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~nus, cocoa powders having a fat content of 1%

especially 0.5% cr less, when prepared

d
-5 the present invention, can be used
a

bz desirably uti_ized TO replace pewders' in
y zpplicaticn
-~ this section, some gensral recipes us.ing
z-cording to the presant invention are
“rom these recipes, broad applications of

oz butt see: Industrial
Mznuifa Use, 2d Td., ed. by S.T

sugar; Cco

powder) ;

milk chocolate formulation,

5 1

. many instiances, stzrls ingredients (cr
s-=zbnle ingredisnts) of the formulations can be
né sold as premix, for use to make the products

A. Milk Chocolate.

MZ1k chocolates
ccz butter; milk

crocolate liguor; lecithin;

Typical Milk Chocolate
51.3

20.1
15.1
13.0

Sugar
Cocoa butte
Whole milk powder

Chocolate liguor

Lecithin 0.45
Vanillin 0.05

100.00%
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It is foreseen that cocoa butters according to
the present invention cen be used to replace the cocoa
putter component, in such typical milx chocolate

formulations.

B. Semisweet Chocolate.

A typical semisweet chocolate is a blending of

the following materials: sugar; cnhocoiats liguor;

cocoa
butter:; lecithin; and vanillin. The fcllowing table
gives a typical semisweet chocolate formuiation, by
weight:
Typical Semisweet Chocolate
Sugar 5C.2
Chocolats liguor 38.3
Cocoa butter 10.9
r=cithin 0.453
Vanillin 0.05
100.00%

I- is foreseer that cocoa butter isclated
according to the presen: invention can be utilized to

resplace cocoa butter in such a fcrmulaticn.

C. Cocoa Confectionary.

A typical cocoa confectionary comprises a
blend of: sugar; partially hydrogenated vegetable oil;
10/12 cocca powder; milk; whey powder; lecithin; and
vanillin. A formulation for a typical cocca

confectionary, by weight, is as follows:
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Typical Cocoa Confectionary
Sugar 48.0

Parzially hydrogenated 29.5
vegstable oil (cottonseed, )
sovoean)

Cocoa powder nat. 10/12 9.0
Nori-Zfat dry milk 7.0
Whe powder 6.0
Lecithin 0.45
Var.lilin 0.05
100.00%

T- is foreseen that a cocoa powder prepared
according To the present invention, including less than
2% by weight fat, and indeed in 50mE instances no mcre

than $.5% 2v w2ightT, can be used tc replace the coccos
powder of such a confectionary. ir some instances, &
mincr less=ning in the presence oI the I0lt& powasr by
weighz, in the formulation, may be dosirzpie Jus Lo Ine

n of fat content and, &s z

LA
[19]
5]
=
]
1y
&3

=
o
(X
v
v
a
!
= |
(s
ot
t
(0]
vy
Q
'y

o)
cf the cocoa flavor. This will prims

D. Chocolate Ice Créam.

Chocolate ice cream generzl.ly, Zomprlises &
biend of: cream; milk; whey; suagar Zan¢ l:gulidy <

syrup; cocoa powder (22/24% faz, fcr exam:

o
‘water. A typiczl formulation for a chocolate ice cream

product, using 22/24 Aristocrat™ cocoa powder as the

cocoz ingrsdient, is listed below:
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Typical Chococlate Ice Cream

using Gerkens 22/24 Aristocrat™
Cocoa Powder
Cr=zam 2z
Skim milk powder 3
Wh=y powder 2
Sugar cane iiguid 21
(BRIX .6734)
Ccxn syrup 36DE 1
(BRIX .30)
Stabilizers 0.5
22/24 Aristocrat™ 3.5
Water 42
100.00%

i3 foreseen that the higher fat 22/24
powder {Wilbur Chocolate Ceo., Lititz,

) can be replaced with a

cocoa powder

isolated according to the present invention, even one

having less
reduction in

focrmulaticn

than 2% by weight fa:t th

the cocoa powder presen

arein. Some

ca of the

may pe desirable, since powdsrs accoxrding T0

invention provias for en
to <he reduction in Iat

2 matter cf taste.

E. Chocolate Milk.

A
comprises, 1

MSNE; sucros

-

hanced flavor

corntent.

This will

chocolate milk formulation generally

n addition to the milk,

e; cocoa powder; stabili

A typical formula for & chocolate mi

disregarding milk content, woulc be as

a blend of: fat:

zer; and vanilliin.

1k formulation,

follows:
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Typical Chocolate Milk Formulation

Fat 1-3

MSNT* 0.5-1

Sucrose 7-9 v
Cocca 1-3

Stenilizer 0.2

Varillin 0.02-C.05

‘milk solids, non-iat

It s foreseen zhat & cocoa powder according

5 o the prasent invention can replace the conventional
cocoa used in such formuliations. Again, since higher
fiavor impact will result, due TC the lesser iat
cer-ent, sligrhtly lower amounis oI cocoa powdsr may bz
des-rapiz in tne formulations. Tnis will primarily be a

1¢ - matter oI tasts |
F. Chocolate Frosting.
Typica. cnocolate frosting fcrrulations
comprise = oplend of: sugar; shcriening; water; CoCOa

15 powder; szit; and vanillin. & formula foxr such a

formulation, by weight, wou.d be as follows:
[Typical Chocolate Frosting Formulation
Sugar 45-60
hortening 106-20
Water 10-20
Cocoa powder 4.5-6.0
Salzt trace
Varillin trace
100.00%
1+ is foreseen that a cocoa powder according
20 to the present invention, containing 2% or less, and

or less, by weight, fat, can be used to
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replace tne cocoa powder in such formulations. In sl)rlegaa

instances, a slight reduction in the amount of cocoa
powder presence may be desirable, since cocoa powders
according to the present invention are generally
ennanced with respect tO CoCoOa& flaver, by comparison toO

conventicnal powders, due IO raduction in fat content.

O
H

test.

G. Chocolate Syrup.

A chocolate syrup formulation generally

comprises a biend of: cocoa powder; sugar; water; salt’

th

and vanilia. Some typical ormulae for a chocolate

syrup formulation would be as follows:

Chocolate Syrup -- Formula I
17 ies Medium Dutch cocca powadsr
3% 1lbs. Granulated sugar
& 1bs. Corn syrup solids
13 1lbs. Water
I oz. K-Sorbate ’
I oz, Salz
Iooz. Vanilla
1 oz, Stabilizer

Typically the materials in Formula I would be
blanded and used as follows:
1. Blend all dry ingredients except

preservative(s) and vanilla.

[N

Heat water to about 160°F, add dry ingredients
from #1 agitating continuously. After all the
powder is wet, 1increase heat tc about 180-
500°F and hold about 15 minutes. Turn off
heat and start cooling.

3. When temperature is about 100-110°F, add

preservative and vanilla.
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4. Homogenize, can and cool.

Chocolate Syrup -- Formula II
10 1bs 10--2% Medium Dutch cocoa powder
3% lbs sranulated sugar '
15 ios Cozn syrup s50Ll1ds
21 1ibs Water
i oz K-Sorbzate
1 oz Szlz
I oz Vanilia
1 oz Stapilizer
Typically the materials in Formula II would bpe
blerded anz used as follows:
1 = end all drv ingredients erxcept K-Sorbate.
2 wszt water ¢ about 160°F, add dry ingredients
from #2 agitating continuously. Rfter all the

powder is wet, increase heat tTo about 18C-
200°F while agitating and hold about 15
—inutes. Turn off heat and start cooling.

z. S-art adding corn syrup while agitating. When
—emperature is about 100-110°F. adac
creservative and vanilla.

z

2, can and cool.

32 1lbs. Water
100 1bs. Medium Dutch cocoa
44 1bs. Sugar
23¢ lbs. Invsrt sugar
i 1lb. Sal:z
.3 1bs. Venillin

Typically the materials in Formula III would

be blended and used as follows:
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content,

H.

comprises

louz:

Hh

typical formule for a

paking soda;
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As water is being agitated and heated, add the
cocoa mixed with some of the sugar and then
the salt and the rest of the sugar.
180°~F.
Add sugar syrup.

Cook to 220°-225°F.

‘Heat to

~he invert

Turn off heat and add vanillin.

Homogenize, can and cool.

It is fcoreseen that a cocoa powder according

invention can replace the conventional

in such formulations. Again, since higher

lavor impact will result, due to the lesser fat

sligh<ly lower amounts of cocoa powder may be

in the formulaz-ions. Tnis

be a mat-er cf taste.

Chocolate Cake.

A chocolate cake formulation generally

a biend of: shortening; sugar; eggs; vanillaj

salt; cocoz; and sour milk. A

crocolate cake formulation would

be a2s follows:
M Typical Chocolate Cake Formulation
Measure- Batch
men<t Size 1
9”x13” or "9x13” or Batch
two 8” two 8" Size 2
Ingredient round % Formula round 8” round
Shecrtening 172 cup 6.73 95.4 g 47.70 g
Sugar 1-3/4 cup 25.96 368.11 g 184.05 g
Eggs 1 3.35 47.5 g 23.75 g
vanilla 1 tsp. 0.16 2.25 g 1.125 g
Flour 2-1/2 cup 27.17 385.25 g 192.62 ¢
Baking 2 tsp. 0.48 7.00 ¢ 3.50 g
soda
Salt 1/2 tsp. 0.16 2.25 g 1.125 ¢
Cocoa 5 Tbsp. 2.71 39.26 g 19.63 g
powdexr
Sour milk* 2 cups 33.21 471.00 g 235.50 ¢
Total 100 1418.02 g 709.01 ¢

*4 Tbhsp. vinegar + milk to 2

cups = sour milk
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Typically the materials would be blended and
used as follows:

1. oreheat oven to 350°F.

2 cream together shortening and sugar on'
low speed.

add egg and vanilla, beat 2 minutes on

(W)

medium speed.

4., 3lend flour, baking soda, salt, and cocoa
and sift.
5 add dry ingredients IO creamed

€. Pour into greased pan.

~1

Zake 30-40 minutes Or until done.

~o0l or wire rackh.

(S8

"+ is foreseen that a Ccocoa powder according
-0 the present invention can replace the conventional

cocoe used in such formulations. Again, since higher

flavor impact will result, aue to the lesser faz

~on-ent, slightiy Lower amounts oI cocoa powder may be
desirable in the formulations. This latter will

primarily o2 & matiter of teste.

I. Chocolate Brownies.

L chocolate prownie formulation generally

comprises a blend oi: butter; sugar; vanilla; eggs;

. cocoa; fiour; and salt. A typical formula for a

chocclate brownie formulation would bz as follows:
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Typical Chocolate Brownie Formulation

Batch Batch

ingredient Mzasure- Size 1 Size 2
ment Formula 97 x13" 878"
3utter /2 cup 11.97 123.00 g 56.50 g
Sugar Z cups 44.56 £2¢.70 g 210.3> ¢
vanilla 1 tsp. 0.24 2.25%5 g 1.125
Eggs 4 20.12 1902.00 g 85.00 ¢
Cocoa {s=e batch 6.67 63.00 g 31.50 ¢

powder columns)

Flour ~ Cup 16.32 154.10 ¢ 77.05 ¢
Salz: 1/4 Tsp. 0.12 2,125 0.56 g
Tota. 100 944,20 g 472.1C g

L

(=]
o

Typically the materials would be blended and

used as follows:

1. Preheat oven to 350°F.

2. Melit putter.

2. Add cocoa, beat until well plended on low
speed ‘

4. Beat eggs and salt together

5. Add sugar and vani_le o eg3& ani Deat.

©. Add egg and sugar mixtuzs 1L bulter CoOToa

mixture and pLand orn low speed.

7. Add flour and bliend cr. lcow spzed.
8. Pour into greased par.
S. Bake 25 minutes.

Tt is foreseen tha:t a cocoa ruwdor eccording

to the present invention car replac

[§1)

he conventional
cocoa used in such formulations. Again, since higher
flavor impact will result, due to the lesser fat

content, slightly lower amounts of cocoa powder may be
desirable in the formulations. This latter will

primarily be a matter of taste.
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EXPERIMENTAL

Summary of Methods

Natural African cocoa liquor and dutched
(alkzlized, cocoa liguor (in drop form, from Wilbur
Chocolate Co. of Lititz, Pennsylvania) were procgssed
batchwise using liguefied propane. Natural African
liquor was also processed batchwise with liquefied
wutane. The cocoa butter content of the liquors, before
processing, was around 54%.

~~e butane and propane esxtractions were
conducted in two steps, using solvent to feed ratios of
-emperature of 125°F and reactor pressures

a
around 100 osi for butane, and 200 psi for propane. The
a time of solvent and liquor was approximately 45
£

h
i
ot

-~ each stage. The extracted butter and

<
0
(@]
—
[oR
| 1
o)
W2
ct
o
(U]

o}
fres solids streams wers desclventized by

materials a2t 150°F and atmospheric pressure for one
u

The cocoa butter isolates were analyzed using
10CC cooling/solidification method 110, and differential
scanning calorimetry (DSC). Solvent-extracted fat-free
pqwders were analyzed for residual fat, residual
solvent, particle size distribution (Coulter counter),

1

cH, color and flavor.

I0CC Cooling Method
This method (published in “Analytical Methods

of the Office Internaticnal du Cacao et du Chocolat”
(1988), Bioggio, Switzerland) involves analysis of the
pehavior of cocoa butter while cooling and thus serves
as an important predictor of cocoa butter behavior in
applications. The latent heat of triglyceride
crystallization is measured during solidification of the
finished product. A sample of cocoa butter is thermally
conditioned, placed into a Shukoff flask and cooled in a

0°C water bath. The
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e butter is recorded over time. The

ct
o
3
§e
™
11
)
ct
C
3
1Y)
o
n
o+
jo g

rise in temperature (AT) reflects the latant heat oI
crystallizztion over time interval (At). Cooling curves
yield d/q values which represent the ratic AT/Az. The
total time ZIor crystallization is also imgcrtanc,
pecause ths latent heat of crystallizatiorn melts some of
the cocoa zutter mass. The more time reguired toO

recrvstallize, the sofcer the butter and the more

diffizult it is to process. In general, nigher d/¢
valuss indicate haxder puttcers. ry Ccast butlers
typically sxhibit d/g values in the range cf 0.20-0 18

valuss.

Differantizl Scanning Calorimetry (DSCY

«7ith this method, one analyzes the amount O
crystal pO_ymOrp ~rism and/or seli-Ir ractionaTion in CCCCé
tcer. Coccoa butter is conditioned and slowly melted

in a D0SC using a pre-pro rammed heatin rofile. Heat
I o

beaks of nsat flow within a DSC curve depict melting of
rrigivcerice crystals. By definition, B znd B crystals

occur in narrow ragions of the temperaturs continuum.

V]
w
[
‘_)
O
¥
O]
o]
o]
D
ot
o]

Integraticn of their respective peak
guantiiy t~e total P-B', which is expressec as &
percentage of the total butter (3B). The other
significant crystal types are & and y. Higher sp values

indicate £ er rates of crystallization.

fu

Tor the measurements reported herein, a
proprietary variation of the method reported in Lebensm-
wiss. Techrol. (1982), Vol. 15, op. 195-138 by Merken,

vVaeck & Dewulf was used. The published method cited is
adequate.

Total P-crystal 1s largely influenced by
country of origin. Press butters typically fall in the

range of 13-60. Butters isolated with the techniques
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described herein typically fall within the range of B

values.

ize Bnalysis -- Coulter

1

The Coulter LS 230 (available from Coulter\
Corp., Miami, Zlorida) determines the sizs distribution
of cocoa particles. Actual size 1s measured with a

lacer defraction analyzer based con Fraunhofer’s theory

of iight diffraction. Particle sizes under 0.4 microns
are determined by polarization intensity cifierential
sczttering. Samples of cocoa are mixed with Z-propanol
and sonicazted zo break up agglomerates. Laser scéans
produce & defracticn pattern, and the particle “size” of
the sampls is the value at the BIIh percenzile. ;

u
The sieve residue wet method

gives the
percentage of cocoa powder that passes through a 200
mesh (75u; screen. Cocoa powder Is suspanded in hot
water, sieved and passed through the screen. Residue
(>73u) is 2ried with zcetone, gzlatted with pstrcocleum
ether, redried and finally weighed.
RESULTS

Cocoa Buttier

Prcpane- and butane-ex:iracted cocca DULIErS
ewnibited cooling curve and DSC characteristics
equivalent to, or better than, acceptable African (Ivory
Coast) press putters.

As noted above, cooling curves by IOCC reflect
the rate ¢f crystallization of mclten cocoa butter
triglycerides. In general, shor: crystallization times
are preferred and correspond to nigher d/g values. By
way of reiesrence, d/g values (of cocoa butter) between

'0.10-0.13 are generally considersd satisfactory, 0.13-



(92l

[o)
o

o
O

30

35

15
011083

0.17 are generally considered very good; and values of
>0.17 are considered exceptional. Pure prime press
putters (2PB) of Ivory Coast origin (commercially
avai.able, rarely exceed 0.175.

~he cocoa butter resulting from extracting

African natural cocoa liquor using propane yielded a d/g

value of 0.16 (very good). The butter recovared from
dutched Iiguor using propane gave a d/qg value of 0.15
(alsc very good;. Cocoa putter extracted from ARfrican

netural liguor using butane yielded an unprecedented d/qg
vaive of 0.21.

Diffe

[

ential scanning calorimetry provides
information on crystal structure of cocoa butter

or African press butters, %p values of
considered cooc. The propane-
a2l liguor and dutched liguor

r
oduced butters with 29.7 and 33.4%B, respectively.

r
with 40.0%B. While the cooling curve and DSC tests
ant attributes, the values for the butane-

r
exTracted buttsr are directionally consistent insoiar as
i

predicting butter functionality.
A1l of the butter extracts tested had residua.
solvent levels under 5 ppm. Indeed, they were less

than 1 ppm.

The Fat-Tree Cocca Powder

propane and butane extraction of the natural
and dutched liguors produced cocoa powders witnh zero
(i.e., nc greater than 0.5%) residual fat and less than
5 ppm residual (indeed, less than 1 ppm) solvent.
Residual fat content was determined using three methods:
soxhlet extraction; supercritical fluid extraction with
carbon dioxide; and NMR. The NMR method was Zfound to be

less accurate in quantifying low levels of residual fat.
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Residual propane and butane solvent (head space | _
recovery) were analyzed by gas chromatography.
The fat-free powders resulting from the

ocesses testad exnibited particle size distributions

o)

r

idertical to standard cocoa powders. The latter
ontazined 10-.23 fat after liguor is pressed and the
resultant cake milled and classified. Particle sizes
ranged between &5 microns ({) on the high end to 0.1lp on
the low end, with a mean size of €.2u and a median size

of £.6u. The fat-free powders match “hs size

specifications for standaxd 10/12% fat powders in that
80% of the particles were smallexr than approximately
1

2.5u and greater than 929.5% oI the same material passed
through 200 mesh screen (particles <75p). Particle s
wzs found to rave been contrclled &

ibs to fcrm liguors, so the pa
maintainec downstream irrespective ci the butter

extraction (sclvent vs. press)

f RN : = - £ - e -1 -y s
The ©= of the tested Zat-fres nstural powder
resulting from the processing according ¢ iR present

-~

jas 5.6 (10% slurry in w

'.J
o]
<
[§)]
3
i r
[
O
]
£

a
free du-ched powder had a pH of 7.0. The coler cf the
t

fat-free powders was somewha:t lighter than <

[ =

)4
o

counterparts that contain 10-12% fat, when made vie
conventicnal processing. The apparent Cisgaritly is
related to the interaction ol ligh: witth tat, and it
disappears when the materials are susperded in water cor
blended in a ccnfection cor batter at equivalent levels
of nonfat solids. The fat-free powders resulting from
processing according to the pressnt invention had
comparable bitterness and astringency flavor
characteristics to standard powders, when the products
were adjusted for fat content. A trained sensory panel
reported the flavor differences between the fat-free

powders made by processing according to the present



o

48 :
011083

and their standard counterparts containing

invention,
The differences were within

10-12% fat as “negligible”.

tne range of typical product variability versus

produccion batches.
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L. A process of treating cocoa mass; said process including steps of:

(@)

(b)

(c)

(d)

©

providing a cocoa mass containing:

() at least 10%, by wt., fat content; and,

(i)  cocoa powder; )

mixing the cocoa mass with liquid butane to provide a slurry of

cocoa mass dissolved in liquid butane and undissolved cocoa

solids;

(i) said step of mixing being conducted with sufficient input of
heat to provide the resulting slurry with a temperature of at
least 40°C;

(i)  said step of mixing being conducted under a pressure of
greater than atmospheric;

separating the slurry into a fat containing stream and a solids

stream by directing the slurry of cocoa mass and liquid butane onto

a filter of a filter system and drawing quuid butane solvent, with

cocoa fat dissolved therein, through the filter while leaving cocoa

solids deposited on the filter; ,

recovering cocoa butter from the butane with: a residual butane

level of no greater than 5 ppm; and, with a purity and crystalline
content and form appropriate for replacement of prime press butter
in human food products; and,

removing the cocoa solids from the filter wherein a level of cocoa

fat remaining in the solids is no greater than 2% by wt.

2. A process according 1o claim 1 further comprising the step of:

(a)

mechanically pressing said cocoa mass to obtain a reduced fat
cocoa mass prior to said mixing step, wherein said reduced cocoa
mass contains:

@A) about 10% to about 20%, by wt., fat content; and,

()  cocoa powder.



10

15

20

25

30

50 011083

A process of treating cocoa mass; said process including steps of:

(a)

(®)

©

(d)

©

providing a cocoa mass containing:

(i) at least 20%, by wt., fat content; and,

(i)  cocoa powder;

mixing the cocoa mass with liquid butane in a mixing vessel to

provide a slurry of cocoa mass dissolved in liquid butane and

undissolved cocoa solids;

) said step of mixing being conducted with sufficient input of
heat to provide the resulting slurry with a temperature of at
least 40°C;

(i)  said step of mixing being conducted under a pressure of
greater than atmospheric;

separating the slurry into a fat containing stream and a solids

stream by directing the slurry of cocoa mass and liquid butane onto

a filter of a pressurized filter system and drawing liquid butane

solvent, with cocoa fat dissolved therein, through the filter while

leaving cocoa solids deposited on the filter; :

) said step of separating including a step of washing the
solids deposited on the filter with liquefied butane;

(ii)  said step of washing being conducted sufficiently to reduce
a level of cocoa fat remaining in the solids to no greater

~ than 2%, by wt.;

recovering cocoa butter from the butane with: a residual butane

level of no greater than 5 ppm; and, with a purity and crystalline

content and form appropriate for replacement of prime press butter

in human food products; and,

- removing the cocoa solids from the filter.

A process according to any one of claims 1-3 wherein:

@

the cocoa fat remaining in the cocoa solids is no greater than 0.5 %
by wt.
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A process according to any one of claims 1-4 wherein butane is n—butane.

A process according to any one of clams 1-5 wherein:
(a) said step of mixing is conducted under a pressure within the range
of 50~200 psia (3.45 x 10° Pa— 1.38 x 10 Pa). \

A process according to any one of claims 1-6 wherein said cocoa butter

product has a residual solvent pressure of no greater than 3 ppm.

A process according to any one of claims 1, and 3—7 wherein:
(@ said step of mixing comprises mixing cocoa mass comprising at
least 45%, by wt., cocoa fat.

A cocoa powder product isolated according to the process of any one of

claims 1-8.

A cocoa butter product isolated according to the process of any one of

claims 1-8.



43

1

FIG.

2

42

22

A

|

|17

Cmlay

__/__
19

18

h—

f"ﬂ}‘lj

——

21

20



- e e S e ® e | &AM AL LD 10 Ol Y. v

- 011083

2/2

Sk

39

FIG. 2
2
>
P

—69




	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS

