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the even Inembers. The melt ing points of the even 
members fall on single ascending curves while the 
melting points of the odd members  fall on two dis- 
t inct and separate  ascending curves. The melt ing 
points of thiol esters, p repared  f rom alkanethiols 
containing fewer carbons than  alkyl radical belong- 
ing to the acid, fall on ascending curves, which are 
lower than the melt ing points of thiol esters p repared  
from alkanethiols containing an equal or greater  
number  of carbon atoms than the alkyl radical be- 
longing to the acid. The compounds 

0 
/ /  

CH:~-- (CH2) y - - C - - S - -  (CH,.,) x--  CH~ 

form a lower melt ing series if the value of x is smaller 
than the value of y, and they form a higher melt ing 
series if the value of x is equal to or higher than  the 
value of y. The higher melting series begins with 
undecyl thiolaurate,  t r idecyl  thiomyristate,  penta- 
decyl thiopalmitate,  and heptadecyl  thiostearate in 
laur[c, ulyristic, palmitie, and stearie thiol esters, re- 
spectively. To our knowledge two similar series of 
melt ing points have not been previously observed 
with other homologous series. 

Infrared Spectra of Thiopalmitates. The inf ra red  
spectra of n-nonyl, n-tridecyl, and n-hcptadecyl thio- 
palmitates, as  pressed potassium bromide disks, were 
measured f rom 4,000-650 cm. -1 Methylene bands oc- 

tu r fed  at about 2,910, 2,840, 1,475, 730, and 720 em. -1 
The thiolester s t retching bands were also observed at  
about 1,070, 965, and 780 cm. -I 

Summary 
n-Nonyl through n-oetadeeyl thiol esters of l a u r i c ,  

myristic,  palmitic, and stearic acids are being re- 
ported for the first time. The four  series of thiol 
esters show an al ternat ion of mel t ing points. The 
melting points of the even members fall  on a single 
ascending curve. The melting points of the odd 
lnembers fall on two separate ascending curves. 
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Cocoa Butter-Like Fats from Domestic Oils 1'2 

R. O. FEUGE and NORMAN V. LOVEGREN, Southern Regional Research Laboratory, a 
New Orleans, Louisiana, and H. B. COSIER, Quartermaster Food and Conta iner 
Institute, Chicago, Illinois 

c 
OCOA BUTTER is a p remium candy fa t  p r imar i ly  

because of its unique physical  characteristics. 
At  room tempera tures  below about 26~ it is 

hard  and brittle, yet when eaten it melts completely 
in the mouth with a pleasing, cooling sensation. The 
solids content of a sample of cocoa but ter  has been 
estimated to be 71% at 25~ 51% at 30~ and only 
5% at 35~ (1, 8). The plastic range is very  short 
when compared with tha t  of most other fats. 

The f a t ty  acid composition of cocoa but ter  is not 
unique. According to Meara (11), the component  
f a t ty  acids and their  mole percentages in a sample of 
cocoa but ter  he examined were found to be as fol- 
lows: oleic, 37.3; stearic, 34.4; palmitic, 26.2; and 
linoleic, 2.1. Others have obtained similar data. The  
percentages and types  of f a t ty  acids cited are simi- 
lar to those occurring in the glycerides of mut ton  
tallow. 

The distinctive physical propert ies  of cocoa but ter  
are a reflection of an unusual  glyceride composition. 
Unlike most fats  and oils, the types of glycerides 
occurring in cocoa but ter  are small in number,  and 
two or three of these comprise 80-85% of the total 
weight. Meara (11) calculated the composition for 
one apparen t ly  representat ive sample of cocoa but ter  
to be as follows: 

l ' t?r6sented a t  the 30th Fall Meeting of the American Oil Chemists' 
soei'~ty, (~hicago, Ill., September 24-26 ,  1956. 

o From work supported in pa r t  by funds  from the Quartermaster 
F0od~'end Container  Inst i tute ,  Chicao'o. Ill. 

a O~e of the laboratories of the Southern Utilization Research and  
Develb'pment Division, Agr icul tura l  Research Service, U. S. Department 
of Agriculture. 

Mole 
percentage 

F u l l y  s a t u r a t e d  t r i g l y c e r i d e s  .... . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.6 
O l e o d i p a l m i t i n  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3,7 
O l e o p a b n i t o s t e a r i n  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  57 .0  
O ] e o d i s t e a r i n  ............................................................. 22 .2  
P a l m i t o d i o l e i n  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 .4 
Stearodiolein ............................................................ 5.8 
Triolein ....................... : ............................................. 1.1 

The development o f  a good Cocoa butter-like fa t  
f rom domestic oils is desirable in a number  of re- 
spects. Also a cocoa butter-like fa t  could have prop- 
erties even more desi rable  than those of cocoa but ter  
itself. The lat ter  has a softening point which is 
slightly too low for  products  intended for  consump- 
tion in the summer~time. 

The armed forces have  need for a confectionery fa t  
similar to cocoa but ter  but with an appreciably  higher 
melting point. Such a product  Would most logically 
be based on a fa t  mixture  resembling eocoa but ter  
but having a slightly higher melt ing point ;  that  is, 
the main ingredient  :would be a f a t  closely resembling 
cocoa butter.  

Any cocoa but ter  rep lacement ,  wheiher  it be for  
general use o r  for the armed forces~ would in most 
iustances be used in combination with cocoa or choco- 
late liquor. This imposes the fu r the r  restriction that  
the solid forms of the replacement  fat  and the fa t  in 
cocoa or chocolate liquor be mutua l ly  compatible; 
that is, one must  not change the softening or melt ing 
characteristics of the other. A fa t  like palm kernel 
stearin would not be a sat isfactory replacement. Re- 
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eently Steiner (12) presented data showing tha t  the 
addition of one par t  of palm kernel stearin contain- 
ing 23% of liquid at  25~ to one par t  of cocoa but- 
ter sample containing about 21% of liquid at  25~ 
yielded a mixture  having about 46% of liquid at the 
same temperature .  In  practice the most successful 
cocoa but ter  replacement  would contain largely glyc- 
erides identical with the major  glycerides in cocoa 
butter.  

The investigation which will be reported here was 
concerned with the prepara t ion  and examination of 
a number  of possible cocoa butter-like fats. They 
were p repared  by esterification or interesterification 
followed by fractionation.  Testing eonsi:~ted of deter- 
mining melt ing points, consistency vs. t empera ture  
characteristics, and softening points of the several 
products and their  mixtures with cocoa butter .  

Materials and Procedures 

Materials. The oleic acid used in p repar ing  prod- 
ucts by way of esterification was derived f rom pecan 
oil. The la t ter  was interesterified at 50~ in the 
presence of an excess of methyl  alcohol and a small 
amount  of sodium methylate  to produce t h e  ~fiethyl 
esters, which were treated with acetic acid, washed  
with water, and distilled. The second or ma in  frac- 
tion f rom the still was mixed with acetone (15 ml. 
per gram of esters) and crystallized at - 6 0 ~  The 
precipitate f rom this crystallization was again  mixed 
with acetone (10 ml. per gram of esters) and crys- 
tallized at - 3 7 ~  The filtrate obtained was diluted 
with acetone, and a second crystallization at - 6 0 ~  
was carried out. The methyl  oleate, obtained as the 
precipitate in the final crystallization, had a pur i ty  
of about 90% (14). Saponification of the methyl  
oleate, followed by acidulation of the soaps and wash- 
ing, yielded the oleic acid. 

The stearie acid was a commercial product,  Hys-  
trene S-97, 4 produeed by the Trendex Company,  and 
purified before use. Purification consisted of three 
crystallizations f rom acetone (3 g. of acetone per  1 g. 
of acid) at  room tempera ture  (25~ 

The palmitic acid was Armour ' s  Neo Fa t  1-56, 4 which 
also was purified fur ther  before use. The palmitic acid 
was crystallized once f rom acetone, converted to the 
methyl  ester, f ract ionated in a Podbielniak still, 4 and 
reeonverted to the fa t ty  acid. 

The olive oil and the hydrogenated cottonseed oil 
(iodine value, ~ 1 )  were obtained f rom commercial 

sources. Both products  were fur ther  purified in the 
laboratory before being used. The olive oil, which was 
of virgin grade, was refined with caustic soda, bleached 
with a neutral ,  act ivated clay, and dried. The hydro- 
genated cottonseed oil was crystallized once f rom ace- 
tone to remove free f a t ty  acids. 

T h e  samples of cocoa but ter  and the candy fats, 
which conta ined  coconut oil, were obtained f rom com- 
mercial sources. 

Procedures. Esterifieation of the f a t ty  acids was 
carried out essentially as described in an earlier article 
(7). Approximate ly  98% of the theoretical amount  
of glycerol required to react with the f a t t y  acids was 
used, and the catalyst,  which consisted of stannous 
chloride dihydrate ,  was employed in an amount  of 
0.00114 moles per  100 g. of f a t ty  acids. The reaction 
was allowed to proceed for 2 hrs. at 200~ while the 

4 This product or a p p a r a t u s  is n a m e d  as p~rt of the exact experi. 
mental conditions. Naming i t  does  not constitute an endorsement of 
the product or apparatus over that of any other m~nufacturer.  

reactants  were st irred under  an atmosphere of hydro- 
gen and a pressure of 20 mm. of mercury.  The crude 
reaction product  was refined with caustic soda and 
bleached with neutral ,  activated clay in the usual 
manner  to remove the catalyst  and the excess of f a t t y  
acids. The final product  contained no free f a t ty  acids 
a~d had a hydroxyl  value of pract ical ly zero. 

The interesterification reaction between the olive oil 
and the hydrogenated cottonseed oil or t r is tear in  was 
carried out under  one atmosphere of hyd~'ogen for  1 
hr. at 60 to 80~ in the presence of 0.15% of sodium 
ethyl ate. Af te r  completion of the reaction the crude 
product  was washed with dilute acetic acid and re- 
fined with caustic soda. 

To fraet ionate the various tr iglyceride products  
in to  t r i s a t u r a t e d ,  monounsaturated,  diunsaturated,  
and t r iunsa tura ted  glycerides, several schemes were 
tried. The most effective and also the simplest scheme, 
which was adopted, consisted of dissolving 1 pa r t  of 
the reaction product  in 15 or 30 par ts  of acetone, by 
weight, allowing the solution to come to room tem- 
pera ture  (25~ overnight,  removing the preeipitate 
( t r i sa tura ted  f rac t ion) ,  cooling the remaining solu- 
tion to 0~ and again removing the precipi tate  
(monounsatura ted  fract ion) .  This last was the cocoa 
but ter  substitute. In  the filtrations performed in these 
separations the filter cake was not washed. Solvent 
was removed as thoroughly as possible by suction. At  
the completion of the operation the cake contained 
about an equal weight of en t rapped solvent. 

Test Methods. Three methods were used to eharac- 
terize the several cocoa but ter  substitutes and their  
mixtures with cocoa butter.  Capi l lary melt ing points 
were determined. Consistency vs. t empera ture  curves 
were established, using a fall ing needle type of miero- 
penetrometer  and technique essentially as described 
previously (6) except that  temper ing was per formed 
at room tempera ture  and for longer periods of t ime 
and that  tests were made at three-degree intervals. 
Softening points or open-tube melt ing points were 
obtained by the A.O.C.S. Method Cc 3-25 except tha t  
the method of temper ing  was changed. 

In  each of the three types of tests the samples were 
heated to just  above their  melt ing points. Then they 
were cooled with s t i r r ing until  crystals formed, a f te r  
which they were placed in the tubes or penetrometer  
blocks. Temper ing  was earried out at  a few degrees 
below the melt ing point of each sample and for 
periods of t ime vary ing  f rom one day to two weeks, 
ue., unti l  fu r the r  temper ing  produced pract ical ly no 
change. 

Results and Discussions 

Products Prepared f rom Purified Fa t t y  Acids. 
Esterification of a mixture  of saturated and unsatu- 
rated fa t ty  acids with an equivalent amount  of glyc- 
erol yields statistically calculatable proport ions of 
triglyeerides of various degrees of unsaturat ion.  Fig- 
ure 1 shows graphical ly  the tr iglyceride composition 
vs. the oleic acid content of a mixture  of oleie and 
stearic acids used in an esterification reaction. 

Obviously, if a cocoa butter-like fa t  containing 
mostly oleodisaturated glyeerides is to be p repared  
by way of random esterifieation followed by fraction- 
ation, the f a t ty  acid mix ture  to be esterified should 
be low in oleie acid. I f  the mole percentage of oleic 
acid in the mixed acids is sufficiently low, the pro- 
portions of di- and t r iunsa tura ted  glyeerides produced 
will be such that  they may  n o t  have to be removed 
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Fro. 1. Theoretical yield of tristearin (SSS), oleodistearin 
(SSO), stearodiolein (SO0), and triolein (O00) vs. oleic acid 
i n  t h e  o l e i c  a n d  s t e a r i c  a c i d  m i x t u r e  e s t e r i f i e d  w i t h  a n  e q u i v a -  
l e n t  : m m u n t  o f  g l y c e r o l .  

f rom the monounsatura ted  fract ion to obtain a cocoa 
butter-like f a t ;  i .e . ,  all of the unsa tura ted  triglyc- 
erides would be used. F igure  2 shows the composit ion 
and total yield of the unsa tura ted  tr iglycerides which 
would be obtained on ester ifying a mix ture  of oleic 
and stearic acids and then removing only the tr isatu- 
rated fraction. 

i.o V 
,o'- / GO : 

~ 4o- 4o 

2 0  .o-/ /  , , o  

O 20  4 0  60  8 0  IOO -- 
OLEIC ACID IN ORIGINAL MIXTURE, MOLE % 

Fro. 2. Theoretical yield and composition of the unsaturated 
t r i g l y e e r i d e s  o b t a i n e d  on  e s t e r i f y i n g  m i x t u r e s  o f  o l e i c  a n d  s t e -  
a r i c  a c i d s .  S S O ,  S O 0 ,  a n d  0 0 0  r e p r e s e n t  o l e o d i s t e a r i n ,  s t e a r o -  
d i o l e i n ,  a n d  t r i o l e i n ,  r e s p e c t i v e l y .  D o t t e d  l i n e  i n d i c a t e s  y i e l d  
o f  u n s a t u r a t e d  t r i g ] y c e r i d e s .  

In  the products  p repared  f rom the purified oleie, 
stearic, and palmitic acids, which will be described 
below, the mole percentage of oleic acid in the fa t ty  
acid mixture  always was 25. Such mixtures  theo- 
retically yield a fa t  of the following tr iglyceride 
composition: 

Mole 
pe r cen t age  

T r i s a t u r a t e d  g l y c e r i d e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 2 . 2  
D i s a t u r a t e d ,  m o n o u n s a t u r a t e d  g l y c e r i d e s  ... . . . . . . . . .  4 2 . 2  
M o n o s a t u r a t e d ,  d i u n s a t u r a t e d  g l y c e r i d e s  ... . . . . . . . . .  14 .0  
T r i u n s a t u r a t e d  g l y c e r i d e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 .6  

Data on the fractions actual ly  obtained on crystal- 
lization of the esterifieation products  f rom acetone by 
the method mentioned in the section on procedure are 
recorded in Table  I. 

Two fract ionat ion runs  were made with each prod- 
uct to obtain a check on the yields. The weight 
percentages of the t r i sa tura ted  and monounsaturated 
fractions listed in Table I are uncorrected;  tha t  is, 
no corrections were made for  the minor amounts  of 
glycerides dissolved in the acetone remaining in the 
filter cake when "the fract ions were obtained. 

Calculations show that  the t r i sa tura ted  fractions 
listed in Table I contain near ly  all of the t r isa turated 
glycerides. Fo r  example, by correcting the experi- 
mental  value for  t r isa turates  in Fract ionat ion No. 1-7 
(Table I)  on the assumption that  the iodine value in 
a reflection of the content of disaturates,  a corrected 
value of 42.0 is obtained. The excellent agreement  
with the theoretical value of 41.9 is somewhat fortui- 
tous inasnnleh as the oleic acid used in the prepara-  
tion contained a small amount  of saturated component. 

Data  published by other investigators on the sol- 
ubility of sa tnra ted  tr iglycerides also leads one to 
expect that  t r is tear in and palmitostearins would be 
quite insoluble in acetone at room tempera ture  even 
if the acetone contained small amounts of other fats. 
Chen and Dauber t  (3) found, for example, tha t  lau- 
romyristostearin was soluble to the extent of only 
0.18 g. in 100 g. of acetone at  25~ 

The monounsatura ted  or cocoa butter-like fractions 
listed in Table [ apparen t ly  were quite free of di- and 
t r iunsatura ted  glycerides. Yield data and iodine val- 
ues for these fract ions coupled w i t h  the knowledge 
that  theme fractions could not contain appreciable 
amounts of t r i sa tura ted  glycerides leads to this con- 
clusion. The behavior of cocoa butter,  when frae- 
tionated under  identical conditions (see Table I ) ,  
lends fur ther  suppor t  to the conclusion. 

T A B L E  I 
Yields of the  F r a c t i o n s  Obta ined  on Crys ta l l i za t ion  of Ester i f ied  P r o d u c t s  f r o m  Acetone  

F rac t iona t ion  
No. 

Component  ac ids  of 
esterif ied p roduc t  

*,ole % 

1-4 S tear ic  42 19.8 
P a l m i t i c  33 
Oleic 25 

1-5 Same  as 1-4 
1-7 Same as  1-4 

2-1 Pa lmi t i c  75 
Oleic 25 

2-2 S a m e  as  2-1 

3-1 Stear ic  75 19.1 
Oleic 25 

3-2 S~me as  3-1 

7-1 Cocoa bu t t e r ,A  37.8 

Cocoa but ter - l ike  f r ac t ion  of esterif ied ~reduct. 
t ' Iod ine  va lue  of th is  f r ac t ion  w a s  48.9.  

Iod ine  va lue  
of p roduc t  

20,4 

Yield and  iodine value  of f r a c t i o n s  obta ined on crys ta l l iza t ion f rom acetone 

T r i s a t u r a t e d  M o n o u n s a t u r a t e d  a n i -  and  tri- 
u n s a t u r a t e d  

W t .  -_I'-V'- . . . . . . . .  F r a c t i o n  No. Wt .  

% % 
47.6 1-4C 37.2 

48.5 [ 3.6 1-5C 33.3 
47.7 ] 3.5 1-7C 36.9 

48.0 2-1C 23.1 

50.8 4.5 2-2C 27.4 

53.1 - -  3-1C 31.1 

55,2 3.9 3-20 35.2 

o - -  7c 74 

I .V.  

26.7 

23.4 
27.5 

29.0 

29.5 

Wt .  

% 
15.2 

18.2 
15.8 h 

23.9 

21 .8  

15.8 

9 .6  

26 
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One of the requirements of a satisfactory cocoa 
b~tter-like fat  is that  it not change significantly the 
melting characteristics of cocoa butter  with which 
it may be admixed. In  this connection it should be 
recalled that  invariably the melting point of a pure 
glyceride or fa t  mixture is depressed by the addition 
of a small amount  of a different glyceride or fat  
mixture. The amount  of depression which is at tained 
depends upon the amount and nature  of added com- 
ponent. The maximum amount of depression for 
glycerides generally ranges between a fraction of a 
degree and several degrees centigrade (2). 

Several of the monounsaturated (cocoa butter-like) 
fractions listed in Table I were mixed with cocoa 
butter,  portions of the mixtures were tempered in 
capillary tubes, and melting characteristics were de- 
termined. For  comparison, similar mixtures with 
cocoa but ter  were made with two commercial candy 
fats, a completely hydrogenated coconut oil, and a 
fraction f rom cocoa butter.  The results obtained are 
recorded in Table II.  

Cocoa But te r  Fract ion 7C (Table I)  was quite com- 
patible with cocoa butter.  The 1:1 mix ture  started to 
melt and melted ahnost completely at  temperatures  
about midway beween those for the two components. 
Fract ion 1-5C, consisting essentially of mixed oleo- 
palmitostearins, was about as compatible as was Frac- 
tion 7C. The next  most compatible fractions were 
3-2C and 2-2C, in the order mentioned. The com- 
cercial candy fats A and B, which contained coco- 
nut  oil, and the hydrogenated coconut oil were least 
compatible. 

Another requirement of a good cocoa but ter  re- 
placement is tha t  it and its mixtures with cocoa 
butter  soften and melt over a short temperature  
interval;  i . e . ,  the product  and its mixtures must have 
an extremely short plastic range. That  the cocoa 
butter- l ike fractions represented in Table I meet 
these requirements is indicated in the consistency vs .  
temperature  curves of Figure  3. All of the fractions 
and mixtures tested yielded curves closely resem- 
bling that  of cocoa butter.  

Open-tube melting points (softening points) were 
determined for a series of mixtures of cocoa but ter  

TABLE I I  
Melting Characteristics of the Cocoa Butter-Like Fractions,  

0ocoa Butters,  and Their  Mixtures a 

Nearly 
all melted 

(96%)  

I Melting 
Fraction or mixture first 

Fraction No. 1-5C ................................... 36.0 
Mixture ................................................... / 32.7 
Cocoa butter B ........................................ / 31,3 

Fraction No 2 2C / 37 8 

Cocoa butter B ........................................ 31.3 

Fraction No. 3-2c ................................... 37.6 
Mixture .................................................. 35.2 

31.3 Cocoa butter B ....................................... 

Candy fat  A ............................................ 
Mixture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cocoa butter B ....................................... 

Candy fat  B ........................................... 
Mixture ................................................... 
Cocoa butter B ........................................ 

Completely h:;drogenated coconut oil ..... 
Mixture .................................................. 
Cocoa butter B ....................................... 

Fraction 7C from cocoa butter A ........... 
Mixture .................................................. 
Cocoa butter A ....................................... 

32.0 
< 2 3 . 4  

31.3 

32.0 
< 2 3 . 4  

31.3 

< 2 3 . 4  
< 2 8 . 4  

31.3 

32.6 
32.4 
30.8 

Mostly 
melted 

( 7 5 - 9 0 % )  
- ~ E - - .  ~ 

37.8 
34.9 
33.8 

42.7 
33,0 
33.8 

40.8 
3 7 . 6  

33.8 

39.5 
32.0 
33.8 

87.8 
29.4 
33.8 

28.9 
< 2 3 . 4  

33.8 

33.9 
32.6 
32.6 

~ 
39.5 
35.7 
34.9 

44.8 
35.2 
34.9 

42.7 
38.7 
34.9 

43.1 
32.8 
34.9 

39.5 
30.3 
34.9 

30.3 
< 2 3 . 4  

34.9 

35.0 
33.6 
33.6 

aAll mixtures  are 1:1 by weight. 
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FIG. 3. C o n s i s t e n c y  c u r v e s :  A ,  o l e o d i s t e a r i n  f r a c t i o n  ( 3 - 2 C ) ;  

B ,  o l e o p a h n i t o s t e a r i n  f r a c t i o n  ( 1 - 5 C ) ;  C, o l e o d i p a l m i t i n  f r a c -  
t i o n  ( 2 - 2 C ) ;  D,  1 : 1  m i x t u r e  o f  cocoa  b u t t e r  B a n d  o leod i s t e -  
a r i n  f r a c t i o n  ( 3 - 2 C ) ;  E ,  1 : 1  m i x t u r e  o f  cocoa  b u t t e r  B a n d  
o l e o p a h n i t o s t e a r i n  f r a c t i o n  ( ] - 5 C ) ;  F ,  1 : 1  m i x t u r e  o f  cocoa  
b u t t e r  B a n d  o l e o d i p a l m i t i n  f r ~ e t i o n  ( 2 - 2 C ) ;  G, cocoa  b u t t e r  
B ;  a n d  H ,  a l l  h y d r o g e n a t e d  c o t t o n s e e d  oil, i o d i n e  v a l u e  65.5. 

and each of the cocoa butter-like fractions, Cocoa 
But ter  Fract ion 7C, and Candy Fa t  A (washed). 
The results obtained are recorded in F igure  4. As 
is evident f rom the curves, the first addition of the 
cocoa butter-like fractions to cocoa but ter  caused a 
depression of the softening points;  but when enough 
of each fract ion had been added to produce 1:1 mix- 
tures, the softening points were between those of 
the separate components. Of the three fractions the 
oleopalmitostearin fraction (1-5C) caused the least 
amount  of depression while the oleodipalmitin frac- 
tion (2-2C) caused the greatest amount. The order 
of compatibili ty shown here is in accord "a4th the 
relative amounts of these types of glycerides in cocoa 
butter. The Cocoa But ter  Fract ion 7C, when mixed 
with cocoa butter,  produced no measurable depres- 
sion of the softening po in t  The mixtures of Candy 
Fa t  A yielded a curve indicating good compatibil i ty;  
however the character of these mixtures differed 
markedly from that  of the other mixtures tested. 

In prel iminary tests with mixtures of Candy Fa t  A 
and cocoa but ter  the mixtures appeared to melt  be- 
fore the pressure of the water on the open end of the 
capillary tube caused them to flow. Consequently the 
softening points obtained were believed to be higher 
than justified. Because the candy fa t  contained leci- 
thin, the fat  was washed with water to remove the 
lecithin and then dried. The data  obtained with this 
fat  are recorded as Curve E,  Figure  4. The water  
washing changed the shape of the curve slightly and 
raised the melting point of the fat, but  the fat  still 
melted to a large extent before it  moved in the capil- 
lary tube. 

On the basis of the several tests performed,  the 
monounsaturated glyeeride fractions represented in 
Table I are not entirely compatible with cocoa but- 
ter ;  the oleodipalmitin fract ion (2-2C) is the least 
compatible. The probable cause of the incompatibil- 
i ty is the presence in the fractions of certain isomers 
not found in cocoa butter.  The conclusion regarding 
compatibility conforms with a claim by Verkade (13) 
that,  on mixing the oleopalmitostearins in pairs, clear 
melting-point depressions are encountered. Neverthe- 
less it would appear  that  the isomers within each 
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FIG. 4. Softening point of mixtures of cocoa butter A with 
A, oleopahnitostearin fraction (1-5C) ; B, oleodistearin fraction 
(3-2C); C, oleodipalmitin fraction (2-2C); D, cocoa, butter 
fraction (7C) ; and E, candy fat  A after  washing. 

group are so alike in s t ructure  and have almost the 
same melt ing points (10, 4, 5) that  at least the oleo- 
palmitostearins and the oleodistearins should in prac- 
tice make good cocoa but ter  substitutes. The addition 
of one or two glycerides closely related to cocoa but- 
ter might even improve certain characteristics desired 
in this product.  

Practical Preparation of a Cocoa But ter  Substitute. 
The large scale prepara t ion  of cocoa butter-like fats 
f rom purified f a t t y  acids might  be economically feasi- 
ble, but there are available more at t ract ive methods 
of preparat ion.  One of these involves the interesteri- 
fication of a completely hydrogenated  fat  and a natu- 
ral  oil whose component f a t t y  acids are rich in oleic 
and the subsequent f ract ionat ion of the reaction prod- 
uct. The unwanted fract ion or fract ions would be 
reeombined in subsequent interesterifieations. Com- 
pletely hydrogenated cottonseed oil, whose glycerides 
contain approximate ly  75% stearic and 25% palmitic 
acid by weight, should be suitable as one of the start-  
ing m a t e r i a l s :  Fo r  the source of oleic acid, domestic 
olive oil would  be the best mater ia l  commercially 

available. I t s  component acids and their  weight pro- 
portions (9) are approximate ly  as follows: oleic, 
85% ; linoleic, 5% ; palmitie, 7% ; and stearic,, 3%. 

In  the current  investigation a cocoa butter-like fa t  
was prepared  by interes ter i fying 70 par ts  by weight 
of completely hydrogenated cottonseed oil with 30 
parts  by weight of domestic olive oil. Af ter  the 
reaction product  was purified, it was fract ionated 
by crystallization f rom acetone by the usual proce- 
dure except that  the weight ratio of acetone to prod- 
uct employed was 15:1. The yield of the t r isa turated 
fraction filtered f rom the acetone solution at 25~ 
was 39.6%. A portion of the filtrate obtained at 
25~ was s t r ipped to recover a fraction, 4-1B, which 
had an iodine value of 39.3 and was composed o f  
practical ly all of the unsa tura ted  glycerides in the 
interesterification product.  The yield of fract ion 4-1B 
was 60.4%, af ter  correction for the weight of filtrate 
not str ipped.  

The bulk of the filtrate obtained at  25~ was 
cooled to 0~ and the fract ion containing the mono- 
um 'a tu r a t ed  glycerides was collected by filtration. 
This fraction, 4-1C, iodine value 29.3, was obtained 
in a yield of 29.3%, af ter  Correction for the weight 
of filtrate removed at 25~ 

Consistency vs. t empera ture  curves for fractions 
4-1B and 4-1C are recorded in Figure  5. Also shown 
in the figure are curves for a typical  cocoa but ter  and 
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FIG. 5. Consistency curves: A, unsaturated frtJction (4-1B) 
from interesterified olive oil and hydrogenated cottonseed oil; 
B, monounsaturated fraction (4-1C) from olive oil and hydro- 
genated cottonseed oil; C, a typical cocoa butter;  and D, all 
hydrogenated cottonseed oil iodine value 58.6. 

an al l-hydrogenated cottonseed oil, iodine value 58.6. 
The lat ter  product  is about comparable in  consistency 
to some candy fats  current ly  being marketed.  

According to the consistency curves, Fract ion  4-1C 
has a softening range which is somewhat longer than 
that  for cocoa but ter  but not near ly  as long as that  
for  the al l-hydrogenated cottonseed oil. In confec- 
tions the Fract ion  4-1C might be a good replacement  
for cocoa butter .  

In  pre l iminary  tests, chocolate bars were p repared  
which contained 21.9% of Frac t ion  4-1C and 17.9% 
of chocolate l iquor;  these two components were the 
only fa t ty  mater ia ls  in the formulation.  No difficul- 
ties were encountered in the molding or handling of 
the bars. The eating qualities were considered to be 
very good. When  the bars were heated to 100~ 
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kept at this temperature,  and cooled back to room 
temperature,  there was no evidence of fa t  bloom. 

Summary 
Technical considerations indicate that  cocoa butter- 

like mixtures can be prepared readily by the esteri- 
fication of mixtures of oleic, palmitie, a n d  stearic 
acids, or the interesterifieation of their glycerides, 
followed by the fractional crystallization of the reac- 
tion products. 

Using the indicated procedures, three cocoa butter- 
like fractions were prepared. One consisted essentially 
of oleopalmitostearins, another consisted essentially of 
oleodistearins, while the th i rd  consisted mostly of 
oleodipalmitins. 

On the basis of softening point curves, the oleo- 
palmitostearin product  was most compatible with 
cocoa butter,  the oleodistearin product  was the next  
most compatible, while the oleodipalmitin product  
was least compatible. When mixed with cocoa butter,  
all three of the products produced consistency vs. 
temperature  curves whose shapes closely resembled 
that of cocoa butter.  All of the mixtures softened 

over a short temperature  interval  though the actual 
temperature  at which softening occurred varied. The 
several products are believed to be satisfactory cocoa 
but ter  replacements. 

Another  cocoa butter-like fa t  was prepared by the 
interesterifieation of 70 parts  of completely hydro- 
genated cottonseed oil and 30 parts  of olive oil and 
the subsequent fraetionation of the reaction product.  
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Solution Hold-Up as a Factor in Oilseed Extractor Design  I 

J. D. KEANE, 2 Armour Research Foundation, Chicago, Illinois, and 
C. T. SMITH, 3 Wurster and Sanger Inc., Chicago, Illinois 

t~ 
OR ThE USUAL percolation extraction scheme, em- 
ploying fixed or moving beds, the number  of 
equilibrium contacts (or stages) is pr imari ly  a 

function of the hold-up of solution throughout  the 
system. An equilibrium contact is defined as the con- 
tact af ter  which the composition of the solution re- 
tained by the solids is the same as the wash solution. 
In  addition, solvent ratio, concentration of final mis- 
cella, and carry-over of solution between stages and 
in the spent solids are all dependent upon hold-up. 
Obviously hold-up of solution by the solids under- 
going extraction is one of the fundamental  properties 
of the solvent-oil-solids system, and sufficient data to 
define this proper ty  quanti tat ively must be known 
before any rational approach to design can be made. 

Although several methods for determining the num- 
ber of stages required for a given system under  both 
equilibrium and nonequilibrium conditions may be 
found in the l i terature (1, 2, 3, 6, 7), the number  of 
references containing factual  information on hold-up 
is not great. Graphs of hold-up dur ing draining have 
been reported by Smith (8) and Karnovsky (4) for 
beds of soybean and cottonseed flakes. Recently Ko- 
catas and Cornell (5) published the results of their  
work for  the soybean flakes-n hexane system under  
conditions very  similar to an actual commercial unit. 
Even so, designers have had to obtain the necessary 
data themselves or to base their  designs on what might 
be termed, at best, an " e d u c a t e d  guess."  

The purpose of this paper is to present the data 
and correlations on hold-up which were developed 
from a series of pilot-plant runs (8) carried out at 

1 Presented at the fall meeting, American Oil Chemists' Society, 3~in- 
neapolis, Minn., October 18-20, 1954. 

2 Present address: Steel Structures Paint ing Council, Pittsburgh, Pa.  
3 Present address: International  Minerals & Chemical Corporation, 

Chicago, Ill. 

Armour  Research Foundation,  Chicago, Ill. In  the 
interest of simplicity the corresponding extraction 
rates are not included, except for  the il lustration in 
Figure  4. A sample problem is worked through in 
order to point out the application of hold-up data 
to the design. 

Equipment and Materials 
As illustrated in Figure 1, the apparatus  used in 
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FIG. 1. Diagram of experimental equipment. 


