
�9 T e c h n i c a l  

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

Interesterification and 

14. SPADARO, N.V. LOVEGREN, R.O. FEUGE, and E.L. PATTON, 
Southern Regional Research Laboratory, 2 New Orleans, Louisiaina 

A cocoa bu t te r - l ike  fa t  has  been p repa red  on a p i lo t  p l a n t  
scale b y  the in te res te r i f i ca t ion  of hyd rogena t ed  cot tonseed oil 
and  a t r i o l e in  p roduc t  or olive oil fo l lowed by  f r ac t i ona l  
c ry s t a l l i z a t i on  f rom acetone a t  two di f ferent  t empera tu res .  The 
c o p r o d u c t s - - a  f r a c t i o n  which consis ts  p r i m a r i l y  of t r i s a t u r a t e s  
and  is ob ta ined  by  f r a e t i o n a t i o n  a t  20 to 28~ and a f r a c t i o n  
which is p r imax i ly  di- and  t r i u n s a t u r a t e s  and  is  ob t a ined  from 
the  low t empe ra tu r e  (0~ f i l t r a t e - - a r e  reused in  the process.  
I n  five of the s ix  p i lo t  p l a n t  runs  conducted,  t00  pounds  of 
7 0 : 3 0  or 7 5 : 2 5  m i x t u r e s  of the h a r d  f a t  and  l iqu id  oil were 
used  as s t a r t i n g  ma te r i a l s .  I n  the s ix th  run, 140 pounds  were 
used. Y ie lds  var ied  f rom 25 to 35%.  

Charac t e r i s t i c s  of the cocoa bu t te r - l lke  f a t  p roducts  a re  
discussed. u  in the p roduc t s  were made  by c h a n g i n g  
the ra t io  of s t a r t i n g  m a t e r i a l s  to 75 :25  and by lower ing  the 
first  c ry s t a l l i z a t i on  t e m p e r a t u r e  f rom abou t  28 ~ to abou t  19~ 

Opera t iona l  data ob ta ined  show t h a t  the process has  com- 
merc ia l  f eas ib i l i t y .  So lvent - to- fa t  ra t io  was only 4 to 1. Fi l -  
t r a t i o n  r a t e s  base4  on p roduc t ion  of dry  sol ids were 9 to 44 
pounds  per  hour  per  square  foo t  of f i l ter  area,  respect ively ,  
fo r  the f irst  and  second c rys ta l l i za t ions .  A l though  t ime  to  at- 
t a in  c rys t a l l i za t ion  t e m p e r a t u r e  was  abou t  4 hours  in  the p i lo t  
p l a n t  opera t ions ,  l a b o r a t o r y  d a t a  ind ica te  t h a t  comparab le  prod- 
uc ts  can be ob ta ined  for  c ry s t a l l i z a t i on  t imes  as low as one-half  
hour. The shor ter  c rys t a l l i za t ion  t ime  ~'ould be more app l i cab le  
for  commercia l  considera t ion.  The s teps  in  the  process are  con- 
s idered  convent lons l  in  commercia l  processing.  

T 
HE CONSU~IPTION Of cocoa fat, as cocoa but ter  and 
in the form of chocolate liquor, amounts to sev- 
eral hundred million pounds annually in the 

United States. The consmnption 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 charaeteristies of cocoa butter  are an ex- 
t remely 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 glyeerides of pahnitie and 
stearie acids. 

Through the years many at tempts 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 proport ion of oleodisaturated tri- 
glycerides and then isolating this fraction. 

In  a repor t  of earlier work in our laboratory,  pro- 
cedures were described for the preparat ion of cocoa 
butter-like fats from domestic oils. I t  was shown that  

1 Presented at the Fall Meeting of the American Oil Chemists' Soci- 
ety, Los Angeles, California, September 28-30, 1959. 

~One of the laboratories of the Southern Utilization Research and 
Development Division, Agricultural Research Service, U.S. Department 
of Agriculture. 

cocoa butter-like mixtures call be prepared by the 
esterifieation of mixtures of oleie, palm[tie, and ste- 
aria acids, or by  the interesterification of their glye- 
erides followed by fractional crystallization of the 
reaction products. One cocoa butter-like fat  was pre- 
pared by the interesterifieation of 70 parts  of com- 
pletely hydrogenated cottonseed oil and 30 parts of 
olive oil, and subsequent fractionation. 

I t  is the purpose of this paper  to present data on 
the preparat ion of cocoa butter-like fats in labora- 
tory and pilot plant  quantit ies as a major  step toward 
commercialization of the process using modifications 
of methods previously described (1).  Hydrogenated 
eottonseed oil and a triolein product  or olive oil were 
interesterified and then fractionally crystallized from 
acetone to yield the desired fats. Data  show that  the 
by-products can be used as start ing 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 proce~ing variables on product  yield. 

Materials and Equipment 
Materials. The start ing 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 products. The start ing fats 
for  Run No. 4 were by-products of previous rmls, i.e., 
the hard  fat  was that  produced in the first crystalliza- 
tion step, and the triolein-type fat  was the oil present 
in the filtrates obtained af ter  the low temperature  
crystallization step. This oil fract ion was refined be- 
fore being reused. Other materials used in this work 
were sodimn ethylate, commercial grade acetone, oil 
pmnped nitrogen, and glacial acetic acid. The ace- 
tone contained 0.4% 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 1 

T r a n s  
FFA bonds as 
( % ) trielaidin (%) 

Used in I 
Starting fats / pilot plantl Iodine 

l 
(Run No.) value 

Hard fats / 
:Hydrogenated cottonseed oi1.1 1,2,3,5,6 i 1.8 
1st precipitate ~ [ 

Runs No. 2,3 ..................... ~ 4 / 5.1 

Triolein type 
Triolein 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1,2,3,5 / 85.0 
2nd filtrate, Runs No. 1,2 S 

(refined).: . . . . . . . . . . . . . . . . . . . . . . . . . .  4 ! 48.0 
Olive oil (refined, 

bleached, and 
deodorized) ........................ 6 82.8 

0.06 

0.2 

0.11 

0.2 

0.03 

10.9 

2.4 

461 

1 For each run 100 lbs. of starting fats were used, except in Run 6 
in which case 140 lbs. were used,  

Saponification No. 195.4, 



4 6 2  T H E  J O U R N A L  OF THE A M E R I C A N  O I L  C H E M I S T S '  SOCIETY V O L .  3 8  

Equipment. For  the laboratory scale phase of this 
work s tandard  laboratory equipment was used. The 
pilot plant operations included the use of the follow- 
mg equipment units: a 30-gallon interesterification 
tank equipped with heating and cooling coils, per- 
forated pipe for bubbling nitrogen, and variable 
speed s t i r rer ;  two stainless steel, jacketed crystalli- 
zation tanks each with sufficient capacity to hold 
about 70 gallons below the jacket l ine; two gravi ty 
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 t rays  3 ft. x 4 ft. for  air dry ing  the 
products;  and auxill iary equipment such as pumps, 
stirrers, and recorders. 

Procedure 
Theoretical Yields. I t  is generally recog~nized that  

when a t r isa turated glyceride is interesterified with 
a t r iunsatura ted  glyceride a random rearrangement  
of the saturated and unsatura ted fa t ty  acid groups 
occurs and the proportions of t r isaturated and mono-, 
di-, and t r iunsatura ted  glycerides can be calculated 
from the mole ratio of the start ing materials. Curves 
for  the yields of the several classes of glycerides for 
different mole percentages of t r iunsatura ted  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 t r iunsaturated 
glyeerides used as start ing 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% tr iunsaturated g]ycerides in the start ing 
materials are 42.2 and 44.1 mole per cent, respectively. 

Operat ing 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 t r isaturated glyeerides which are rel- 
atively easy to remove from the desired fract ion and 
are very  resistant to deterioration. The smaller by- 
product  consists of the di- and t r iunsaturated frac- 
tions which can be recovered from the final filtrate 
for  reuse. 

Pilot Pla~t 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 crystallized 
from acetone at two different temperatures.  The first 
crystallization was conducted at about room temper- 
ature to remove a predominantly saturated triglyc- 
eride fract ion and a second crystallization at near 
0~ 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~ for about one hour while 
bubbling nitrogen through it to remove traces of 
moisture. Af ter  cooling, the hard fat  and liquid oil 
were interesterified at 65-70~ 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 ~he water 
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FI~.  1. F l o w  d i a g r a m  of p i l o t  p l a n t  p r o c e s s  ~or p r o d u c i n g  
cocoa  b u t t e r - l i k e  f a t .  

was stirred with the mixture at about 80~ 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 str ipping with 
nitrogen. 

For  the first crystallization, the interesterified fat  
was added to 64 gallons of acetone (1:4 by wt.) ,  and 
the mixture heated unti l  dissolved. The mixture was 
cooled gradually over a period of four hours to either 
about 19 or 28~ and filtered. The first precipitate 
or t r isaturated fraction was washed with five gallons 
of acetone. The filtrate was cooled to --2 to §176  
in about four  hours and the resulting s lurry  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 fract ion and the 
second product  fract iou by air drying under  a hood. 
The oil in the final filtrate which contained pr imari ly  
the di- and t r iunsatura ted  glycerides was recovered in 
conventional pilot plant evaporation equipment. 

Pilot Plant Scale Investigations 
Processi~g Co)~ditions. 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 75:25 
to decrease the proport ion of diunsaturates which in 
tu rn  decreased the "oily" characteristic of the cocoa 

TABLE I I  

Processing CondiLions for Pilot Plant  Runs 

Start ing fats 1 Crystallization 
temperatures 

Pilot plant  
Run No. 

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

i 
Hvdrogen-o ated Liquid 

cottonseed oil (%) oil (%) 

70 30 
70 30 
542 462 
75 25 
75 253 

l s t (~  2nd(~ 

- -  ~ 8 8  --1.5 

27 l --2.0 28 --2.0 
28 --1.0 
19 --1.0 
17 +1.0 

1 Solvent-to-fat ratio, to 1. 
2 Use~l by-products of Runs 1, 2, and 3, i.e., 1s t  ppts. for the "hard"  

fat. and oil from final filtrates as the "'liquid oil." 
�9 ~ Olive oil, all others triolein product. 
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butter-l ike product .  Although the amount  of tr isatu- 
rates was increased by this change in ratio, the tri- 
saturates  were readily separated in the filtration step. 

The interesterification reaction tempera ture  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 p lant  procedure.  

The crystallization temperatures  for Runs 5 and 6 
were based on the yield curves shown in F igures  2 
and 3, respectively. The first crystallization temper-  
atures were decreased to jus t  below 20~ to lower the 
t r i sa tura te  content of the final product,  thereby de- 
creasing the melt ing point  of the product.  Fo r  the 
second crystall ization step, tempera tures  between - 1  
and - 2 ~  were used except for Run  No. 6 in which 
ease the t empera ture  was changed to +1~ This was 
done to decrease the amount  of d iunsatura ted  com- 
ponents in the cocoa butter-like fa t  products. 

F igures  2 and 3 were used to predict  the type and 
amount  of fa t  obtained when the interesterified fat  
was crystallized f rom acetone. The amount  of fa t  
remaining in the acetone solution was plotted versus 
the crystall ization temperature .  Above 38~ the so- 
lution was clear. Between 38 ~ and 30~ the major-  
i ty of the t r i sa tura ted  glycerides precipi tated whereas 
much smaller amounts precipi tated between 30 ~ and 
15~ Most of the monounsa tura ted  glyeerides pre- 
cipitated over the range 15~ to - 1 0 ~  Di- and 
t r iunsa tura ted  glyeerides precipi tated at lower tem- 
peratures.  Unfor tunate ly ,  there is some overlapping 
with each of these products  with the glyceride above 
and below it. 

Pract ical  considerations permit ted the use of only 
the uppe r  port ion of the monounsatura ted  product  
because the fa t  that  precipitates bet~veen 0 and--10 ~ 
C. contains too great  a proport ion of fa t  which is 
liquid at room temperature .  The difference in posi- 
tion of the cur~'es in F igures  3 and 4 is probably due 
to the greater  insolubility of glyeerides of elaidic 
acid and other iso-oleie acids containing ~ra~s bonds. 
The triolein used contained 10.9% trans bonds which 
could mean that  as many  as 30% of the tr iglyeerides 
contain at least one tra,~s bond. The tra~s bond con- 
tent  of the olive oil was only 2.4%. 

24  
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Fro. 2, Cm've for  determining yields of cocoa but terd ike fa t  
and by-products obtained at various crystallization tempera- 
tures using hydrogenated cottonseed oil and triolein as s tar t ing 
materials. 

? 

I f  the ratio of acetone to interesterified fa t  is in- 
creased to 5:1 the percentage of fa t  crystallized at 
various tempera tures  is near ly 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 soh'ent ratio. 

A series of laboratory  tests was run at  20~ and 
0~ to determine the effect of holding time at these 
two tempera tures  on the yield of fat  crystallized front 
an acetone solution. The holding times, which were 
varied f rom one-half hour to 23 hours, showed no 
significant effect on product  yields. 

Pilot  P lant  Products .  Theoretically these cocoa but- 
ter-like products  contain some of all the different 
monounsatura ted  tr iglyeeride isomers produced by in- 
teresterification. With  only stearie, pahnitic, oleic, and 
elaidie acids present, there are 14 possible different 
monounsatura ted  isomers present in various amounts. 
By changing the s tar t ing  materials  and processing 
conditions, products  can be obtained which have vari- 
ous proport ions of these different tr iglyeerides and, 
consequently, different physical properties.  

Table I I I  shows the yields and analyses of the cocoa 
butter-like products  produced in the pilot plant  runs. 
In  Run  4, in which by-products  were used as the 
s ta r t ing  materials,  a decrease in yield of about 3 ~  
was obtained. Otherwise the characteristics of the 
product  were comparable to those of Runs 1, 2, and 3. 
The slight difference in crystallization temperatures  
and the aging and thermal  history of the samples 
may be responsible for the small differences observed 
in the physical  propert ies of the products.  Since the 
products  f rom Runs I through 4 were similarly pre- 
pared and had similar properties,  they were combined 
into one sample. As shown in the table, the amount  
melted at 35~ was about 75% and the lra~s bond 
content calculated as tr ielaidin was 4.3~c. 

Changing the processing conditions for Run 5 re- 
sulted in a decrease in yield, but  the amount  of the 
product  melted at 35~ increased to about 90%. The 
lra~s bond content increased slightly. In  Run 6. in 
which olive oil was used and processiug conditions 
were comparable to Run 5, the yield dropped appre- 

2 4  

22 ~ YIELD CURVE FOR INTERESTERWIED 
MIXTURE OF 

HYD, C/S OIL AND OLIVE OIL (3:1) 
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FIG. 3. Curve for determining yields of cocoa butter-like f a t  
and by-products obtained at. various crystallization tempera- 
tures using hydrogenated cottonseed oil and olive oil as s tar t ing 
materials, 
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COCOA BUTTER-L IKE FAT,% 
F I G .  4. O p e n - t u b e  m e l t i n g  p o i n t s  ( s o f t e n i n g  p o i n t s )  o f  m i x -  

t u r e s  o f  c o c o a  b u t t e r - l i k e  f a t  w i t h  c o c o a  b u t t e r .  

eiably; however, trans bond content was one-half of 
that  of l~un 5. 

The iodine value of these products  is slightly lower 
than the theoretical for  the monounsatura ted  tr iglyc- 
erides (about  29) due to the presence of some trisatu- 
rated glycerides. The clear melt ing points appear  
high;  however these are due to the small amounts 
of t r i sa tura ted  glyeerides. Dilatometric studies show 
that  up to 75% of products  f rom Runs I through 4, 
and 90% f rom Runs 5 and 6, melt over the same 
short mel t ing range as tha t  of cocoa butter.  

Three samples, one of which was the combined 
products  of Runs 1 through 4 and the other two 
f rom Runs 5 and 6, were designated samples 1, 2, and 
3, respectively. Samples 1 and 2 were submit ted to 
commercial concerns for  evaluation in chocolate form- 
ulations. Sample 1 was too waxy due to its high 
(20%) t r i sa tura ted  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 f rom the 
s tandpoint  of both decreased waxiness and oiliness. 
Mold release propert ies  were not as good as with cocoa 
butter.  

One of the requirements  of a sat isfactory cocoa 
butter-l ike fa t  is that  it not change significantly the 
melt ing characteristics of cocoa but ter  with which it 
is mixed. A measure of compatibi l i ty  of the two fats 
is the degree of the melt ing point depression. The 
compatibi l i ty  of cocoa butter-l ike fa t  No. 2 with cocoa 
but ter  is indicated in F igure  4. A max imum soften- 
ing point depression of only 1.3~ was obtained at 
about 20% added fat. Normal  use of a cocoa but ter-  

T A B L E  I I I  

Cocoa B u t t e r - L i k e  P r o d u c t s  f rom Pi lo t  P l a n t  R u n s  

R u n  Yield 
~o.  ( % )  

1 36.2 
2 36.4 
3 35.8 
4 32.9 
5 30.0 
6 24.0 

I 

Iod ine  F F A  Slip I 5Ielt.ing 
point  I po in t  

va lue  ( % )  (~  (~  

28.0 0.28 47,7 56.0 
27.4 0.24 45,2 57.0 
27.2 0.20 51,2 58.4 
26.7 0.18 49.2 56.7 
26.3 0.28 42.1 47.0 
27.5 0.32 43.5 49.0 

A m o u n t  
melted 
at  35 ~ 

C. 

75J 
75 
75 
75 
9O 
9O 

Trans  
bond as 
t r iela-  

i d in  (%) 

4.3 ~ 
4.3 
4.3 
4.3 
5.0 
2.5 

1 Combined p roduc t s  front R u n s  No. 1, 2, 3, and  4. 

like fa t  would be above 20% on a fa t  basis when used 
with cocoa or chocolate liquor flavoring. Also shown 
in F igure  4 is a fat, essentially oleodipalmitin, which 
was pren~iously p repared  in this labora tory  ( l )  and 
which is not near ly  as compatible as Sample 2. 

These cocoa butter-like products, due to their  dif- 
ferent  composition f rom cocoa butter ,  no doubt re- 
quire a different temper ing  procedure. Cocoa but ter  
requires melt ing at a par t icular  temperature ,  seeding, 
quick cooling, and op t imum storage conditions. Al- 
though actual  temper ing  conditions have not been 
determined, it  is known tha t  the cocoa butter-like 
products,  due to their  type of polymorphism, do 
not require melt ing at a par t icular  t empera ture  or 
seeding. 

Slow polymorphie changes over a period of days 
following solidification tend to increase the hardnes.~ 
and raise the melt ing point. Because of these dif- 
ferent  properties,  new solidification and tempering 
conditions may  ha~'e to be used to produce the best 
confectionery products  with these new fats. 

By-products. The yields, iodine values, and free 
f a t t y  acid contents of the by-products  produced in 
the pilot p lant  rmls are shown in Table IV. In  com- 
mercial operations these by-products  would be used 
as s tar t ing materials  in subsequent preparat ions.  The 
increased yield of first precipi tate  for Runs 5 and 6 
is due to the greater  proport ion of ha rd  fa t  used as 
s tar t ing material  as well as the decreased tempera ture  
of the first crystallization (Table I I ) .  This lower 
tempera ture  of the first crystallization in Runs 5 and 
6 also causes a slight increase in the iodine value of 
the first precipi tates due to a slight increase in over- 
lapping of nmnounsaturated triglycerides into the 
first precipitate.  

The small amounts of free f a t ty  acids, which are 
produced when the acet'ic acid is added to neutralize 
the interesterifieation catalyst,  appear  p r imar i ly  in 
the final filtrate due to the solubility of these free 
f a t t y  acids in acetone. Color also tends to concen- 
t ra te  in this final filtrate. Because of the concentra- 
tion of free f a t t y  acids and color, only the oil recov- 
ered f rom the final filtrate need be refined before 
reusing the by-products  in subsequent batches. 

T A B L E  I V  

B y - P r o d u c t s  f r o m  Pi lo t  P l a n t  R u n s  

Oil r ecovered  f rom final 
F i r s t  p rec ip i t a t e  1 filtrate-" 

R u n  
No. F F A  Yield I o d i n e  F F A  

. . . . . .  o 

30.6 4.6 0.52 
41.0 / 6.3 0.21 
46.7 J 6.8 0.23 

Yield I o d i n e  
( % )  va lue  I 

~ ~ - ~  2 5  
26.3 48.5 F 2.1 
24.8 ] 48.4  I 1.8 
31.6 / 45.5 1.5 
24.0 41.0 2.7 
24.5 41.8 3.5 

i % T r ~ n s  bond  for  R u n s  No. 5 and  6 w e r e  3.8 and  2.2, respect ively  
e %  7frans bond for  R u n s  No. 5 and  6 were  4.2 and 0.3, respect ively .  
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Trans bonds are present  in all three fraet ions f rom 
Run 5. In  Run  6 they tend to concentrate only in the 
first two fractions, possibly due to lower trans bond 
content of the s tar t ing  material .  When the by-prod- 
ucts are reused as s tar t ing products,  the ratio of the 
amount  of first precipi tate  to oil recovered f rom 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 resul tant  mix- 
ture would be the same as the iodine value of the 
original mixture  of hydrogenated cottonseed oil (hard 
fa t )  and trio]ein-type product.  

Acetone-to-Fat  Ratio 

F o r  pilot p lant  operations and for  pract ical  com- 
mercial considerations 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 products. Yields decreased f rom 32.5% to 31.2% 
and iodine values increased f rom 25.2 to 26.8. The 
4:1 ratio was consequently used in pilot p lant  studies 
and can be used in commercial scale operations. 

A lower solvent-to-fat rat io such as 2:1 may in some 
cases introduce a two-phase liquid-liquid system in the 
second crystall ization step. This liquid-liquid system 
is encountered at increased tempera tures  as the water  
content of the acetone is increased above about 0.4%. 

Filtrat ion Rates 

A s tandard  0.1 sq. ft. Eimeo 3 filter leaf test appa-  
ra tus  was used to determine filtration rates of the 
fat-acetone slurries of materials  crystallized at 18~ 
and 2~ The procedure for  testing was that  recom- 
mended by filter manufac tu re r s  for  s imulat ing actual 
operat ing conditions of a ro ta ry  cylindrical  vacuum 
filter. The filter medium was a cotton mater ial  with 
the following specifications: weave 2/2 twill;  thread 
count 36 x 25 ; and air  flow 12.6 CFM per sq. ft. 

The fil tration rates were determined and calculated 
in terms of pounds of d ry  solids per  hour per  square 
foot of filter area. The cycle t ime is the total time 
required for forming, washing, and dry ing  the filter 
cake. " D r y i n g "  refers to the time that  air  is pulled 
through the filter cake. Cycle times were varied f rom 
30 to 80 seconds for  the 18~ slurries, and 15 and 30 
seconds for  the 2~ slurries. F o r  pract ical  commer- 

a]~Iention of names of firms or t rade products does not imply that 
they are endorsed or recommended by the U.S. Depar tment  of Agri- 
culture over other firms or similar  products not mentioned. 

cial application, the determined filtration rates were 
recalculated on the basis of a 90-second cycle time 
and nmltiplied by a factor  of 0.8 to allow for differ- 
ences in conversion f rom test results to eonunercial 
practicabili ty.  

Fi l t ra t ion results were as follows: 

Actual Pract ical  

Cycle time Fil tration Cycle t ime Filtration Filtration 
(seconds) rate (seconds) rate ra~e x 0.8 

For 18~ slurry 
30 25.7 
45 17.1 
80 12.6 

For 2~C. s lurry 
15 118.5 
30 164,0 

90 
90 
90 

90  
90 

8.6 
8.6 

11.2 

19 .8  
54.7 

6.9 
6.9 
9.0 

15.8 
43.8 

I t  is apparen t  that  the filtration rate  for  the low 
tenlperature s lur ry  which contains the cocoa but ter-  
like fa t  is two to five times greater  than that  for the 
higher t empera ture  s lur ry  which contains the first 
precipi tate  by-product.  These data will be used in 
recolmneuding filter sizes for a commercial process 
for producing a cocoa butter-l ike fat. 

Solvent Retention in Filtered Cocoa 
Butter-Like Fat  

Three experinlents were conducted to determine the 
effect of the amount  of solvent retained iu the filtered 
cake on the appearance of the final mater ial  a f te r  air  
drying. A low tempera ture  s lur ry  (0~ was fil- 
tered on a f r i t ted  glass funnel.  Samples were taken 
af ter  normal  drainage without vacumn, af ter  drain- 
lug for  10 seconds at a reduced pressure of four inches 
of mercury,  and af ter  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. Af te r  air drying, the nmterials 
that  originally had the higher solvent retention ap- 
peared more " p l a s t i c . "  Also the more "plastic" ma- 
terials required more time for  dry ing  which was out of 
proport ion to the solvent content. Based on these 
tests, and experience with other tests in this study, 
it appears  that  solvent in the low tempera ture  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 60~[ for the second precipitates.  
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