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Confectionery Fats. I Preparation by Interesterification and
Fractionation on Pilot-Plant Scale’

JJ. SPADARO, N.V. LOVEGREN, R.O. FEUGE, and EL. PATTON,
Southern Regional Research Laboratory,? New Orleans, Louisiaina

A cocoa butter-like fat has been prepared on a pilot plant
scale by the interesterification of hydrogenated eottonseed oil
and a triolein product or olive oil followed by fractional
erystallization from acetone at two different temperatures. The
coproducts—a fraction which consists primarily of trisaturates
and is obtained by fractionation at 20 to 28°C., and a fraction
which is primarily di- and triursaturates and is obtained from
the low temperature (0°C.) filtrate—are reused in the process.
In five of the six pilet plant rums conducted, 100 pounds of
70:30 or 75:25 mixtures of the hard fat and liquid oil were
used as starting materials. In the sixth run, 140 pounds were
nsed. Yields varied from 25 to 35%.

Characteristics of the cocoa butterlike fat produets are
discussed. Variations in the products were made by changing
the ratio of starting materials to 75:25 and by lowering the
first erystallization temperature from about 28° to about 19°C.

Operational data obtained show that the proeess has com-
merecial feasibility. Solvent-to-fat ratio was only 4 to 1. Fil-
tration rates based om production of dry solids were 9 to 44
pounds per hour per square foot of filter area, respectively,
for the first and second crystallizations. Although time to at-
tain erystallization temperature was about 4 hours in the pilot
plant operations, laboratory data indicate that comparable prod-
uects can be obtained for erystallization times as low as one-half
hour. The shorter crystallization time would be more applicable
for commercial consideration. The steps in the process are con-
sidered conventional in commerecial processing.

HE CONSUMPTION of cocoa fat, as cocoa butter and
Tin the form of chocolate liquor, amounts to sev-

eral hundred million pounds annunally in the
United States. The consumption of other confection-
ery fats, while difficult to estimate, amounts to many
millions of pounds. A large proportion of these other
confectionery fats are used in place of cocoa butter
in chocolate-type confections or are used in pastel
coating compositions, where cocoa butter-like fats are
desired.

Prized characteristics of cocoa butter are an ex-
tremely short softening and melting range and a
melting point a few degrees below body temperature,
These characteristics are the result of a very high
content of 2-oleodisaturated glycerides of palmitic and
stearic acids.

Through the years many attempts have been made
to modify natural fats and oils to resemble cocoa but-
ter in its physical properties, and if possible, also in
its composition. One approach to the problem con-
sists of producing mixtures of glycerides containing
a relatively high proportion of oleodisaturated tri-
glycerides and then isolating this fraction.

In a report of earlier work in our laboratery, pro-
cedures were described for the preparation of cocoa
butter-like fats from domestic oils. It was shown that

1 Presented at the Fall Meeting of the American Oil Chemists’ Soci-
ety, Los Angeles, California, September 28-30, 1959,
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cocoa butter-like mixtures can be prepared by the
esterification of mixtures of oleie, palmitic, and ste-
aric acids, or by the interesterification of their glye-
erides followed by fraetional crystallization of the
reaction produets. One cocoa butter-like fat was pre-
pared by the interesterification of 70 parts of com-
pletely hydrogenated cottonseed oil and 30 parts of
olive oil, and subsequent fractionation.

It is the purpose of this paper to present data on
the preparation of cocoa butter-like fats in labora-
tory and pilot plant quantities as a major step toward
commercialization of the process using modifications
of methods previously described (1). Hydrogenated
cottonseed oil and a triolein product or olive oil were
interesterified and then fractionally erystallized from
acetone to yield the desired fats. Data show that the
by-products can be used as starting materials in sub-
sequent runs. The yield and properties of the cocoa
butter-like fractions are shown as well as the effect
of crystallization time and temperature, solvent ratios,
and other processing variables on product yield.

Materials and Equipment

Materials. The starting fats used in 6 pilot plant
runs and their analyses are given in Table I. The
hydrogenated cottonseed oil, triolein, and olive oil
were commercial grade produects. The starting fats
for Run No. 4 were by-products of previous runs, i.e,
the hard fat was that produced in the first erystalliza-
tion step, and the triolein-type fat was the oil present
in the filtrates obtained after the low temperature
crystallization step. This oil fraction was refined be-
fore being reused. Other materials used in this work
were sodium ethylate, commercial grade acetone, oil
pumped nitrogen, and glacial acetic acid. The ace-
tone contained 0.49% water. The sodium ethylate
catalyst was prepared by reacting sodium with ab-
solute ethyl alcohol and evaporating the mixture to
dryness.

TABLE I
Fats Used in Pilot Plant Runs?
- . i Trans
Used in : 1
: h Jodine | FFA bonds as
Starting fats pilot plant - ' e
{Run No.) % value ! (%) tn?Io%l;im
e B
Hard fats !
Hydrogenated cottonseed oi).| 1,2,3,5,6 1.8 006 | ...
1st precipitate !
Runs No. 2,3 cviiiieiiinnnans 4 5.1 0.2 [
Triolein type
Triolein 2....c.oooveiceiniireinniannan, 1,2,3,5 85.0 0.11 10.9
2nd filtrate, Runs No. 1,2
(refined) ...cocvvevnrniiiiinnns 4 48.0 0.2 |
Olive o1l (refined,
bleached, and
deodorized) .....cieieiiiiininiin 6 82.8 0.03 2.4

1 For each run 100 lbs. of starting fats were used, except in Run 6
in which case 140 lbs. were used.
2 Saponification No. 195.4,
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Equipment. For the laboratory scale phase of this
work standard laboratory equipment was used. The
pilot plant operations included the use of the follow-
ing equipment units: a 30-gallon interesterification
tank equipped with heating and cooling coils, per-
forated pipe for bubbling nitrogen, and variable
speed stirrer; two stainless steel, jacketed ecrystalli-
zation tanks each with sufficient capacity to hold
about 70 gallons below the jacket line; two gravity
filter units, each large enough to hold about 35
pounds of product and one of which was jacketed
to maintain low temperatures; brine supply system;
stainless steel trays 3 ft. x 4 ft. for air drying the
products; and auxilliary equipment such as pumps,
stirrers, and recorders.

Procedure

Theoretical Yields. It is generally recognized that
when a trisaturated glyceride is interesterified with
a triunsaturated glyceride a random rearrangement
of the saturated and unsaturated fatty acid groups
occurs and the proportions of trisaturated and mono-,
di-, and triunsaturated glycerides ecan be calculated
from the mole ratio of the starting materials. Curves
for the yields of the several classes of glycerides for
different mole percentages of triunsaturated glycerides
are reproduced in another publication (1). From these
curves it is evident that in order to have the highest
possible yield of monounsaturated glycerides (cocoa
butter-like fat) the mole percentage of triunsaturated
glycerides used as starting material should range be-
tween about 20 and 40%. Mole percentages of ap-
proximately 25 and 30 were used in this work. The
theoretical yields of monounsaturated glycerides for
25 and 30% triunsaturated glycerides in the starting
materials are 42.2 and 44.1 mole per cent, respectively.

Operating in the region of 25 to 30% of triunsat-
urated glycerides in the interesterification mixture
has other advantages. The largest by-product con-
sists mostly of trisaturated glycerides which are rel-
atively easy to remove from the desired fraction and
are very resistant to deterioration. The smaller by-
product consists of the di- and triunsaturated frac-
tions which can be recovered from the final filtrate
for reuse.

Pilot Plant Procedure. With some modifications,
the general procedure used in the pilot plant opera-
tions to produce the cocoa butter-like material was
comparable to that reported by Feuge, Lovegren, and
Cosler (1). Two fats were interesterified in the pres-
ence of an alkaline catalyst and then ecrystallized
from acetone at two different temperatures. The first
crystallization was conducted at about room temper-
ature to remove a predominantly saturated triglye-
eride fraction and a second crystallization at near
0°C. to produce the cocoa butter-like product. A flow
diagram of the pilot-plant operations is shown in
Figure 1.

A mixture of hydrogenated cottonseed oil and tri-
olein or olive oil, totaling about 100 pounds, was
heated to about 104°C. for about one hour while
bubbling nitrogen through it to remove traces of
moisture. After cooling, the hard fat and liquid oil
were interesterified at 65-70°C. for 30 minutes in the
presence of a sodium ethylate catalyst (0.13% on
basis of sodium). The mixture was washed once with
equal volumes of a 4% acetic acid solution and then
three times with tap water. For each wash the water
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Fie. 1. Flow diagram of pilot plant process for producing
cocoa butter-like fat.

was stirred with the mixture at about 80°C., settled,
and the water layer drained. The pH of the water
from the final washing was 5.0. The remaining mois-
ture was removed from the fat by stripping with
nitrogen.

For the first crystallization, the interesterified fat
was added to 64 gallons of acetone (1:4 by wt.), and
the mixture heated until dissolved. The mixture was
cooled gradually over a period of four hours to either
about 19 or 28°C. and filtered. The first precipitate
or trisaturated fraction was washed with five gallons
of acetone. The filtrate was cooled to —2 to +1°C.
in about four hours and the resulting slurry filtered
through the jacketed filter to produce the second pre-
cipitate or cocoa butter-like fat. This precipitate was
washed with 15 gallons of chilled acetone. Acetone
was removed from both the first fraction and the
second product fraction by air drying under a hood.
The oil in the final filtrate which contained primarily
the di- and trinnsaturated glycerides was recovered in
conventional pilot plant evaporation equipment.

Pilot Plant Scale Investigations

Processing Conditions. The processing conditions
for the pilot plant runs are shown in Table II. The
ratios of hydrogenated cottonseed oil to liquid oil
(triolein or olive oil) were selected on the basis of
the high yield of monounsaturated glycerides indi-
cated by the theoretical yield curves in (1). In Runs
5 and 6 the ratio was changed from 70:30 to 75:23
to decrease the proportion of diunsaturates which in
turn decreased the ‘“oily’’ characteristic of the cocoa

TABLE II
Processing Conditions for Pilot Plant Runs
| " Crystallization
\ Starting fats1 temperatures
1

Pilot plant |

Hydrogen-
Run No. 3 ) L.
ated Liquid o R
cottomseed | ot (%) | 1stC°C) | 2nd(°C)
oil (%)
3 70 | 30 28 15
2.. 70 30 28 —1s
i 70 30 28 200
g 34% 462 28 —1lo
2 75 25 19 —1.0
8 75 25? 17 110

1 Solvent-to-fat ratio, 4 to 1. . . . "
2 Used by-products of Runs 1, 2, and 3, ie., 1st ppts. for the “hard
fat. and oil from final filtrates as the "liquid oil.”

3 Olive oil, all others triolein product.
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butter-like product. Although the amount of trisatu-
rates was increased by this change in ratio, the tri-
saturates were readily separated in the filtration step.

The interesterification reaction temperature and
time, as well as the conditions for washing the inter-
esterified material, were essentially the same for all
runs. These conditions are given in the section on
pilot plant procedure.

The erystallization temperatures for Runs 5 and 6
were based on the yield curves shown in Figures 2
and 3, respectively. The first crystallization temper-
atures were decreased to just below 20°C. to lower the
trisaturate content of the final product, thereby de-
creasing the melting point of the produet. For the
second crystallization step, temperatures between —1
and —2°C. were used except for Run No. 6 in which
case the temperature was changed to +1°C. This was
done to decrease the amount of diunsaturated com-
ponents in the cocoa butter-like fat produects.

Figures 2 and 3 were used to predict the type and
amount of fat obtained when the interesterified fat
was crystallized from acetone. The amount of fat
remaining in the acetone solution was plotted versus
the crystallization temperature. Above 38°C. the so-
lution was clear. Between 38° and 30°C. the major-
ity of the trisaturated glycerides precipitated whereas
much smaller amounts precipitated between 30° and
15°C. Most of the monounsaturated glycerides pre-
cipitated over the range 15°C. to —10°C. Di- and
triunsaturated glycerides precipitated at lower tem-
peratures. Unfortunately, there is some overlapping
with each of these produets with the glyceride above
and below it.

Practical considerations permitted the use of only
the upper portion of the monounsaturated produet
because the fat that precipitates between 0 and—10°
C. contains too great a proportion of fat which is
liguid at room temperature. The difference in posi-
tion of the curves in Figures 3 and 4 is probably due
to the greater insolubility of glycerides of elaidic
acid and other iso-oleic acids containing #rans bonds.
The triolein used contained 10.9% #rans bonds which
could mean that as many as 30% of the triglyeerides
contain at least one trans bond. The trans bond con-
tent of the olive oil was only 2.4%.
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Fic. 2. Curve for determining yields of cocoa butter-like fat
and by-products obtained at various erystallization tempera-
tures using hydrogenated cottonseed oil and triolein as starting
materials.
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If the ratio of acetone to interesterified fat is in-
creased to 5:1 the percentage of fat crystallized at
various temperatures is nearly the same as when a
4:1 solvent ratio is used. Consequently, the composi-
tion of the product is not affected significantly by
small changes in solvent ratio.

A series of laboratory tests was run at 20°C. and
0°C. to determine the effect of holding time at these
two temperatures on the yvield of fat erystallized from
an acetone solution. The holding times, which were
varied from one-half hour to 23 hours, showed no
significant effect on produet yields.

Pilot Plant Products. Theoretically these cocoa but-
ter-like products contain some of all the different
monounsaturated triglyveeride isomers produced by in-
teresterification. With only stearic, palmitic, oleie, and
elaidie acids present, there are 14 possible different
monounsaturated isomers present in various amounts.
By changing the starting materials and processing
conditions, products can be obtained which have vari-
ous proportions of these different triglycerides and,
consequently, different physical properties.

Table 111 shows the yields and analyses of the cocoa
butter-like produets produced in the pilot plant runs.
In Run 4, in which by-products were used as the
starting materials, a deerease in yield of about 3%
was obtained. Otherwise the charvacteristics of the
product were comparable to those of Runs 1, 2, and 3.
The slight difference in erystallization temperatures
and the aging and thermal history of the samples
may be responsible for the small differences observed
in the physical properties of the products. Since the
products from Runs 1 through 4 were similarly pre-
pared and had similar properties, they were combined
into one sample. As shown 1n the table, the amount
melted at 35°C. was about 759 and the trans bond
content calculated as trielaidin was 4.3%.

Changing the proeessing conditions for Run 5 re-
sulted in a decrease in yvield, but the amount of the
product melted at 35°C. increased to about 90%. The
trans bond content inereased slightly. In Run 6. in
which olive oil was used and processing conditions
were comparable to Run 5, the yield dropped appre-
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Fia. 4. Open-tube melting points (softening points) of mix-
tures of cocoa butter-like fat with cocoa butter.

ciably; however, trans bond content was one-half of
that of Run 5.

The iodine value of these products is slightly lower
than the theoretical for the monounsaturated triglyc-
erides (about 29) due to the presence of some trisatu-
rated glycerides. The clear melting points appear
high; however these are due to the small amounts
of trisaturated glycerides. Dilatometric studies show
that up to 75% of products from Runs 1 through 4,
and 90% from Runs 5 and 6, melt over the same
short melting range as that of cocoa butter.

Three samples, one of which was the combined
products of Runs 1 through 4 and the other two
from Runs 5 and 6, were designated samples 1, 2, and
3, respectively. Samples 1 and 2 were submitted to
commercial concerns for evaluation in chocolate form-
ulations. Sample 1 was too waxy due to its high
(20%) trisaturated glyceride content. This waxiness
characteristic could be eliminated by use of emulsifi-
ers but generally this is not desirable. Sample 2 was
much improved over the original sample from the
standpoint of both decreased waxiness and oiliness.
Mold release properties were not as good as with cocoa
butter.

One of the requirements of a satisfactory cocoa
butter-like fat is that it not change significantly the
melting characteristics of cocoa butter with which it
is mixed. A measure of compatibility of the two fats
is the degree of the melting point depression. The
compatibility of cocoa butter-like fat No. 2 with cocoa
butter is indicated in Figure 4. A maximum soften-
ing point depression of only 1.3°C. was obtained at
about 20% added fat. Normal use of a cocoa butter-
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TABLE III
Cocoa Butter-Like Products from Pilot Plant Runs
| | | T
i b . | Amount | , 17015
Run | Yield | Todine | FFA | Slip - Melting | popeq | Pond as
N %) value (%) point point at 85° triela
NO. ( (1] © (°C.) (°C.) Oa idin
' (%)
— RN [ENEEGU, 0 E—-— - —_—
1 36.2 28.0 1 0.28 47.7 56.0 751 4.31
2 | 364 27.4 0.24 45.2 57.0 75 4.3
3 35.8 27.2 0.20 51.2 58.4 75 4.3
4 32.9 26.7 0.18 49.2 56.7 75 4.3
5 30.0 26.3 0.28 42,1 47.0 J 90 5.0
6 24.0 27.5 | 0.32 43.5 49.0 90 2.5
3 Combined products from Runs No. 1, 2, 3, and 4.

like fat would be above 20% on a fat basis when used
with cocoa or chocolate liquor flavoring. Also shown
in Figure 4 is a fat, essentially oleodipalmitin, which
was previously prepared in this laboratory (1) and
which is not nearly as compatible as Sample 2.

These cocoa butter-like products, due to their dif-
ferent composition from cocoa butter, no doubt re-
quire a different tempering procedure. Cocoa butter
requires melting at a particular temperature, seeding,
quick eooling, and optimum storage conditions. Al-
though actual tempering conditions have not been
determined, it is known that the cocoa butter-like
products, due to their type of polymorphism, do
not require melting at a particular temperature or
seeding.

Slow polymorphic changes over a period of days
following solidification tend to increase the hardmness
and raise the melting point. Because of these dif-
ferent properties, new solidification and tempering
conditions may have to be used to produce the best
confectionery products with these new fats.

By-products. The yields, iodine values, and free
fatty acid contents of the by-products produced in
the pilot plant runs are shown in Table IV. In com-
mercial operations these by-products would be used
as starting materials in subsequent preparations. The
increased yield of first precipitate for Runs 5 and 6
is due to the greater proportion of hard fat used as
starting material as well as the decreased temperature
of the first erystallization (Table II). This lower
temperature of the first erystallization in Runs 5 and
6 also causes a slight increase in the iodine value of
the first precipitates due to a slight increase in over-
lapping of monounsaturated triglycerides into the
first precipitate.

The small amounts of free fatty acids, which are
produced when the acetic acid is added to neutralize
the interesterification catalyst, appear primarily in
the final filtrate due to the solubility of these free
fatty acids in acetone. Color also tends to concen-
trate in this final filtrate. Because of the concentra-
tion of free fatty acids and color, only the oil recov-
ered from the final filtrate need be refined before
reusing the by-products in subsequent batehes.

TABLE 1V
By-Products from Pilot Plant Runs

First precipitatel | Oil recovered from final

filirate?
I-’{vun ! :
NO v e . . >
: Yield Todine Yield Todine
(%) value FFA (%) value TFa
1 34.1 5.0 0.15 24.1 475 | 2.5
2 30.5 | ... 0.07 26.3 485 | 2.1
3 31.7 5.1 0.34 24.8 484 | 1.8
4 30.6 4.6 0.52 31.6 45.5 | 1.5
5 41.0 6.3 0.21 24.0 41.0 J 2.7
6 46.7 6.8 0.23 24.5 41.8 3.5
1¢;, Trans bond for Runs No. 5 and 6 were 3.8 and 2.2, respectively.
264, Trans bond for Runs No. 5 and 6 were 4.2 and 0.3, respectively.
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Trans bonds are present in all three fractions from
Run 5. In Run 6 they tend to eoncentrate only in the
first two fractions, possibly due to lower trams bond
content of the starting material. When the by-prod-
ucts are reused as starting products, the ratio of the
amount of first precipitate to oil recovered from final
filtrate is determined by the iodine values of the two
products. Sufficient amounts of the two by-products
are used so that the iodine value of the resultant mix-
ture would be the same as the iodine value of the
original mixture of hydrogenated cottonseed oil (hard
fat) and triolein-type produect.

Acetone-to-Fat Ratio

For pilot plant operations and for practical com-
mercial eonsiderations it was desirable to decrease the
acetone-to-fat ratios of 30:1 and 15:1, previously used
in laboratory scale work. The results of a series of
tests, in which ratios of 15:1, 8:1, and 4:1 were in-
vestigated, showed that there were no appreciable dif-
ferences in yields and iodine value of the cocoa butter-
like produects. Yields decreased from 32.5% to 31.2%
and iodine values increased from 25.2 to 26.8. The
4:1 ratio was consequently used in pilot plant studies
and can be used in commercial scale operations.

A lower solvent-to-fat ratio such as 2:1 may in some
cases introduce a two-phase liquid-liquid systen in the
second crystallization step. This liquid-liquid system
1s encountered at increased temperatures as the water
content of the acetone is increased above about 0.4%.

Filtration Rates

A standard 0.1 sq. ft. Eimco 2 filter leaf test appa-
ratus was used to determine filtration rates of the
fat-acetone slurries of materials crystallized at 18°C.
and 2°C. The procedure for testing was that recom-
mended by filter manufacturers for simulating actual
operating conditions of a rotary cylindrical vacuum
filter. The filter medium was a cotton material with
the following specifications: weave 2/2 twill; thread
count 36 x 25; and air flow 12.6 CFM per sq. ft.

The filtration rates were determined and calculated
in terms of pounds of dry solids per hour per square
foot of filter area. The cycle time is the total time
required for forming, washing, and drying the filter
cake. ‘‘Drying’’ refers to the time that air is pulled
through the filter cake. Cyecle times were varied from
30 to 80 seconds for the 18°C. slurries, and 15 and 30
seconds for the 2°C. slurries. For practical commer-

3 Mention of names of firms or trade products does not imply that

they are endorsed or recommended by the U.S. Department of Agri-
culture over other firms or similar products not mentioned.
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cial application, the determined filtration rates were
recalculated on the basis of a 90-second eycle time
and multiplied by a factor of 0.8 to allow for differ-
ences in conversion from test results to commercial
practicability.

Filtration results were as follows:

Actual \ Practical

Cycle time Filtration | Cycle time Filtration | Filtration
(seconds) rate [ (seconds) rate ’ rate x 0.8
For 18°C. slurry { {

30 25.7 | 90 ] 8.6 § 6.9

45 17.1 ! 90 | 8.6 6.9

80 12.6 [ 90 | 11.2 9.0
For 2°C. sturry [ ‘ §

15 185 | 90 ' 19.8 i 15.8

30 164.0 90 [ 547 | 43

It is apparent that the filtration rate for the low
temperature slurry which contains the cocoa butter-
like fat is two to five times greater than that for the
higher temperature slurry which contains the first
precipitate by-product. These data will be used in
recommending filter sizes for a commercial process
for producing a cocoa butter-like fat.

Solvent Retention in Filtered Cocoa
Butter-Like Fat

Three experiments were conducted to determine the
effect of the amount of solvent retained in the filtered
cake on the appearance of the final material after air
drying. A low temperature slurry (0°C.) was fil-
tered on a fritted glass funnel. Samples were taken
after normal drainage without vacuum, after drain-
ing for 10 seconds at a reduced pressure of four inches
of mercury, and after draining for 30 seconds at a
reduced pressure of 27 inches of mercury. The result-
ing residual acetone in the cakes was 79.0, 76.5, and
67.8%, respectively. After air drying, the materials
that originally had the higher solvent retention ap-
peared more **plastic.”” Also the more ‘‘plastic’’ ma-
terials required more time for drying which was out of
proportion to the solvent content. Based on these
tests, and experience with other tests in this study,
it appears that solvent in the low temperature filter
cake should be less than 70% before air drying. In
the filter leaf tests discussed under filtration rates,
solvent retained in the cakes was about 50% for the
first and 609 for the second precipitates.
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