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Severa l  cocoa but te r - l ike  f a t s ,  which had  been p r e p a r e d  by  
f r ac t i ona l  cryst~dlizat ion of  the  reac t ion  p roduc t  ob ta ined  on 
i n t e r e s t e r i f y i u g  h i g h l y - h y d r o g e n a t e d  cot tonseed  oil and  a tr i-  
olein p r o d u c t  or olive oil, were  charac te r i zed  and compared  wi th  
cocoa b u t t e r .  

The f a t s ,  as  ob ta ined  by  f r ac t i ona l  c rys ta l l i za t ion  f r o m  ace- 
tone solut ions ,  con ta ined  v a r y i n g  a m o u n t s  of g lyeer ides  melt-  
ing  above  37~ an  undes i r ab l e  f e a t u r e  which caused the  f a t s  
to th icken  too m u c h  when  used in chocolate  t ype  composi-  
t ions  u n d e r  the  same condi t ions  employed  wi th  cocoa lmt te r .  
The h ighe r -me l t i ng  g lycer ides  could be removed by  f i l t ra t ion,  
or the i r  p r o p o r t i o n s  could be decreased by  c h a n g i n g  the  f rac-  
t i o n a t i o n  t e m p e r a t u r e s .  The f a t s  mel ted  mos t ly  over  the  same 
t e m p e r a t u r e  r ange  assoc ia ted  wi th  cocoa bu t t e r ,  and  the  bes t  
of  the  f a t s  r esembled  cocoa b u t t e r  closely over the t e m p e r a t u r e  
r a n g e  0 ~ to 30~ 

The cocoa bu t te r - l ike  f a t s  r e sembled  cocoa b u t t e r  in h a r d n e s s  
a t  all t e s t  t e m p e r a t u r e s .  

The  f a t s  were r e a s o n a b l y  compa t ib le  wi th  cocoa bu t te r ,  tha t  
is, in  m i x t u r e s  of  the  two,  one did not  cause extens ive  premel t -  
i ng  of  the  other .  

Acco rd ing  to the i r  cooling curves,  the cocoa but te r - l ike  f a t s  
did no t  supercool  as cocoa b u t t e r  does. The f o r m e r  con ta in  
no t  only  the  2 -o leodisa tura ted  g lycer ides  of cocoa b u t t e r  bu t  
also pos i t iona l  i somers  of  these  glycer ides .  W h e n  the  f a t s  were 
molded  u n d e r  the same  conditim~s employed  wi th  cocoa bu t t e r ,  
l inear  s h r i n k a g e  was  only  abou t  one- th i rd  t ha t  of  cocoa bu t t e r .  

I N A PRECEDING ARTICLE ( 9 )  t h e  prepara t ion  o f  c o c o a  

butter-like fa ts  on a pilot-plant scale was described. 
In  these prepara t ions  highly-hydrogenated cotton- 

seed oil (iodine value, 1.8) was randomly interesteri-  
fled with a triolein product  or olive oil, and a cocoa 
butter-like f ract ion consisting mostly of oleodisatu- 
ra ted glycerides was obtained by  fract ional  crystalli- 
zation f rom acetone. The unwanted by-products could 
be reused in succeeding runs. The process employed 
was relat ively simple and should be suitable for  large- 
scale commercial use. Some of the characteristics of 
the products  which were obtained are recorded in 
Table I. Data  also are recorded for Fa t  No. la ,  the 
prepara t ion  of which was not described in the earlier 
article. Fa t  No. l a  was obtained by warming a por- 
tion of F a t  No. 1 to 37~ keeping it  at  this tempera-  
ture for  several hours, then filtering out the relatively 
small proport ions of unmelted triglycerides. 

The purpose of the present  article is to present  a 
fu r the r  evaluation of the cocoa butter-like fats, par-  
t icular ly  with respect to those characteristics which 
affect per formance  in confections. 

Dilatometric Examinat ion  

One of the prized characteristics of cocoa but ter  
is a very  short  melt ing-range lying almost entirely 
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between room tempera ture  and body temperature ,  
37.0~ which makes it possible for the cocoa but ter  
to be hard  and brit t le at room tempera ture  yet  melt  
ab rup t ly  in the mouth when eaten. This character-  
istic is a t t r ibuted to the fact that  approximate ly  80% 
consists of two closely related glycerides, 2-oleopal- 
mitostearin and 2-oleodistearin. To define quanti ta-  
t ively and compare the melting characteristics of the 
cocoa butter-like fats  and cocoa butter,  dilatometric 
data  were obtained. Dilatometers  of the gravimetr ic  
type with mercury  as the confining liquid were used. 
Previously-described techniques and methods of mak- 
ing the calculations were followed (2,3). Usually the 
di latometer  was kept at each test t empera ture  for 20 
min. before a weighing was made. To obtain data on 
untempered samples, a " t h r u s t - i n "  technique was em- 
ployed (7), that  is, whenever necessary, the sample in 
the di latometer was melted, resolidified by rapid  chill- 
ing, and thrus t  direct ly into the di latometer bath at 
the test temperature .  The mercury  reservoir on the 
dilatometer was placed so that  mercury  was forced 
into the reservoir as expansion of the sample occurred 
but  could not re turn  as temper ing  occurred. 

The dilatometric curves for the tempered samples 
of the three fats, F igure  1, indicate that  the greater  

TABLE I 
Data on Cocoa Butter-Like Fats :~ 

j I Free Soften- ! Melting trans j Lino- 
Fat Yield, Iodine I fatty / ing 
No.___ i - -  % j - - v a l u e  / acid,oleic/as po~lt,o, point,oc. /Is~ I %  leate,% 
]aa i  aL.0o 272 I 0.22 / 500 ~ - ~ Y ~ - ~ -  1.6 

29.1 [ ...... ' 33"5~ 3418e / ...[.. / ...... 
42.1 2 i5:5 i 26.3 0.2s 47.0 F 48 1.5 

3 ~ 24.0 , 27.5 0.32 43.5 . 49.0 J 2.5 I 2.0 
Analytical methods of American Oil Chemists' Society (1) were used, 

unless noted otherwise. 
b Calculated as trielaidin (4). 
c Approximate value. 
a Obtained by warming Fat No. 1 to 37.0~ and filtering out solid 

glycerides. 
e After tempering for 4 days at 26~ 

Olive oil used in the preparation of this fat. Triolein product us~d 
in the preparation of Fats No. 1 and 2. 

portion of each sample melted over a relatively short 
temperature- interval .  Fa t  No. 3 possessed the most 
desirable melt ing characteristics while those of Fa t  
No. i were least desirable. All three contained small 
amounts  of high-melting glyeerides, which explains 
the high melting-points recorded in Table I. The 
presence of 1% of completely hydrogenated cotton- 
seed oil can raise the melt ing point of a fa t  by about 
10 ~ Cocoa butter ,  Curve B, F igure  2, contains no 
high-melting glyeerides. The cocoa but ter  was a sam- 
ple produced by a large manufac tu r e r  of chocolate. 

Percentages of solids at various tempera tures  were 
calculated and are recorded in Table I I .  F r o m  these 
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Y m .  1, D i l a t o m e t r i c  c u r v e s  o f  t h e  c o c o a  b u t t e r - l i k e  f a t s .  F a t  
N o ,  1 :  A ,  t h e o r e t i c a l  c u r v e  o f  w e l l - t e m p e r e d  f o r m  a f t e r  r e m o v a l  
o f  t h e  2 0 . 0 %  o f  s o l i d s  m e l t i n g  a b o v e  3 7 . 0 ~  B ,  w e l l - t e m p e r e d  
f o r m .  N a t  N o .  2 :  A ,  q u i c k - c h i l l e d  s a m p l e  ( c u r v e  o b t a i n e d  b y  
" t h r u s t - i n "  t e c h n i q u e ) ;  B ,  t e m p e r e d  f o r  2.5 h r s .  a t  2 6 ~  
a n d  C, t e m p e r e d  f o r  6 w e e k s  a t  2 6 ~  F a t  N o .  3 :  A ,  q u i c k -  
c h i l l e d  s a m p l e  ( c u r v e  o b t a i n e d  b y  " t h r u s t - i n "  t e c h n i q u e )  ; 
I3, t e m p e r e d  f o r  1.5 h r s .  a t  2 6 ~  C, t e m p e r e d  f o r  1.5 d a y s  a t  
2 6 ~  a n d  D ,  t e m p e r e d  f o r  28 d a y s  a t  2 6 ~  

data it is evident that 61% of Fa t  No. 1 melted be- 
tween 20 ~ and 35~ Over this same range the per- 
centages of melting of Fa t  No. 2, Fa t  No. 3, and cocoa 
butter were 70, 77, and 89%, respectively. 

The differences among the three cocoa butter-like 
fats can be attr ibuted primari ly to differences in the 
temperature ranges over which the three fats were 
collected and their contents of iso-oleie acid-containing 
glyeerides. Fa t  No. 3 was collected over the narrow- 
est range, 17 ~ to I~ I t  Mso contained the lowest 
content of trans isomers. 

Under the conditions of fractionation which were 
employed, some high-melting glyeerides remained dis- 
solved in the solutions of acetone and oleodisaturated 
glycerides. However, after the acetone was removed, 
these glyeerides did not dissolve readily in the main 
body of the cocoa butter-like fats. The high-melting 
glyeerides could be removed by filtering at 37~ 

TABLE l I  

Liquid Content  of Cocoa But ter  and  Cocoa But ter-Like Fats  

Liquid Con ten t ,%  

Temper- 
a ture  

Cocoa but te r  

Tom- Untem- ! 
- -  ______ pored pored , 

~ ~ 

0 32 0.6 
5 41 1.9 1.3 

10 50 4,1 3,8 
15 59 6.8 lO,O 
20 68 10.8 19.6 
25 77 16.7 61,4 
30 86 36.1 98.2 
.... 90.5 . . . . . . . . . . . .  

93.4 100.0 ...... 
~ 95 . . . . . . . . . . . .  
.... 98.6 . . . . . . . . . . . .  
40 104 
45 113 ...... 
.... 114,8 . . . . . . . . . . . .  
50 122 . . . . . . . . . . . .  
.... 126 . . . . . . . . . . . .  
55 131 ...... 
.... la6.4 ...... :::222 ~' 

/ 

Fa t  
No. 1, 
tem- 

pered 

2.9 
3.6 
5.7 
8.7 

13.8 
29.3 
39.0 
49.5 

74.4 
80.0 
88.2 
92.3 

93.4 

~:~ 
10U.0 

Fa t  No. 3 
Fat  

No. 2, 
t en t -  'Fern- ~ntem- 

pored pered pored 

2.7 ~ 6.1 
4.0 3.1 9.0 
6.0 12.6 
8.0 , 5.1 16.6 

12.7 10.6 28.3 
29.3 22.7 67.0 
48.0 40,3 90,4 

83.0 88.0 95.1 

95.5 97.2 97.0 

{;g:~i ldS:i~ ld;~:6 
1OO,O  . . . . . .  i . . . . . .  

. . . . . . . . . . . . . . . . . .  I 

. . . . . .  I . . . . . .  

t t o l  
nlixture 
of cocoa 
but ter  

and Fa t  
No. 3, 
temp'd 

0.9 
2.2 
4.4 

15.4 
29.6 
34,0 
51.9 

95.4 

97.7 
99.4 

100.0 

though this was a relatively slow process. Fat  No. la  
is such a product. 

When quickly solidified, the cocoa butter-like fats 
exhibited a tendency to crystallize to sonic extent in 
unstable polymorphic forms. Curves A for Fats No. 
2 and 3, Figure 1, show that quick chilling produced 
mixtures which started to melt at lower temperatures 
than do the same mixtures after tempering, hi this 
respect they resembled cocoa butter (Curve A, Fig- 
ure 2). tIowever there was a difference. The lower- 
melting polymorphs of the components of cocoa butter  
were nmeh more stable. Curve A for cocoa butter, 
Figure 2, was obtained without the use of the " th rus t -  
i n "  technique. Several weeks of tempering at 26~ 

/ / MIXTURE 

. - - / i f  ' :~ ~ J ~COCOA 
0.2 B BUTTER 

0 ~ - -  
if) 
Z 

~ ,  i l l 
-40  -20 0 ~0 4 0  60  

TEMPERATURE, ~ 
FIG. 2. Dilatometric curves of cocoa butter and a 1:1 mixture 

b y  w e i g h t  o f  c o c o a  b u t t e r  a n d  F a t  N o ,  3. M i x t u r e :  A ,  q u i c k -  
c h i l l e d  s a m p l e  ( c u r v e  o b t a i n e d  b y  " t h r u s t - i n "  t e c h n i q u e ) ;  
B ,  q u i c k - c h i l l e d  s a m p l e ;  C, t e m p e r e d  f o r  16 h r s .  a t  2 6 ~  a n d  
D,  t e m p e r e d  f o r  5 w e e k s  a t  2 6 ~  C o c o a  b u t t e r :  A ,  qu i ck -  
c h i l l e d  s a m p l e ;  a n d  B ,  t e m p e r e d  f o r  s e v e r a l  w e e k s  a t  2 6 ~  



4 6 8  T ~ E  J O U R N A L  O F  T I l E  A M E R I C A N  O I L  C t I E M I S T S '  S O C I E T Y  V O L .  3 8  

were necessary to convert cocoa but te r  as represented 
by Curve A into cocoa but ter  as represented by Curve 
B. On the other hand, the curve for  F a t  No. 2, Fig- 
ure 1, could be changed f rom A to B by temper ing  
for just  1.5 hrs. at  26~ The slight addit ional change 
to Curve C could be obtained by temper ing  for  less 
than 5.5 days. These were, of course, minimum tem- 
pering-times. Similar  data  were obtained with Fa t  
No. 3. 

On comparing Curves A through D for the 1:1 mix- 
ture of F a t  No. 3 and cocoa bu t te r  with the curves 
for  cocoa butter ,  F igu re  2, and on compar ing the 
corresponding data in Table I I ,  it is evident tha t  the 
two fats  are not completely compatible. Each de- 
presses the melt ing-point  of the other. This situation 
is to be expected because Fa t  No. 3 contains not only 
2-oleopahnitostearin and 2-oleodistcarin, the main 
components of cocoa butter,  but  also the positional 
isomers of these components. 

The 1:1 mixture  tempers  fas ter  than does cocoa 
but ter  Mone. Curves B and C for  the mixture  actu- 
ally represent  one run  made over a period of two days. 
Curve B was obtained the first day. Then the dila- 
tometer  was stored over-night (16 hrs.) at 26~ and 
Curve C was obtained the following day. 

Cool ing  Curves  

In format ion  on the solidification characteristics of 
Fa t  No. 3 and cocoa but ter  was obtained by determin- 
ing their  cooling curves. A 75-g. sample was heated 
well above its melt ing-point  and placed in a test tube 
measur ing 10 x 3.5 cm. ; a wire-loop s t i r rer  and a 
thermometer  were inserted;  and the assembly was 
immersed in an air ba th  at 16~ The sample was 
st i rred at a rate of six strokes per  minute  until  solidi- 
fication occurred. Tempera tu re  readings were taken 
once per  minute. The cooling curves that  were ob- 
tained are recorded in F igure  3. 

The cocoa but ter  behaved as expected. I t  super- 
cooled appreciably  and, when crystallization started, 
it was rapid  enough to raise the t empera tu re  of the 
mass by several  degrees. F a t  No. 3, on the other hand, 
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~FI~-. 3. Cooling curves: A, cocoa butter; and B, Fat No. 3. 

did not supercool to noticeable extent. Seed crystals 
formed early in the cooling process, and, as cooling 
continued, more and more crystals formed. Even 
when 15-g. samples of F a t  No. 3 were used and the 
tempera ture  of the air bath was reduced to 10~ 
supercooling was not found. 

Though the glycerides of F a t  No. 3 melted pre- 
dominately over the same short temperature- in terval  
associated with cocoa butter ,  F a t  No. 3 did contain 
more components, some of which were quite easily 
t r a n s f o r m e d  f r o m  lower-  to h i g h e r - m e l t i n g  poly-  
morphs. Solidification and polymorphie t ransforma-  
tion were relat ively continuous processes in this case. 
This probably  explains the fact  that  F a t  No. 3 on 
solidification did not shr ink away f rom the walls of 
the container as does cocoa butter .  The lat ter  be- 
haves more or less as a single compound. Crystalliza- 
tion is not only sudden, but  the heat of crystallization, 
when suddenly released, should aid in temper ing  the 
cocoa but ter  to a higher-melt ing and denser poly- 
morph. As the mass cools f rom the relatively-high 
temperature ,  shrinkage should be fu r the r  enhanced. 

Insufficient shrinkage away f rom the walls of a 
container or mold is, of course, a disadvantage in some 
instances. Bu t  the conditions which are responsible 
for  this should be desirable in another  respect. F a t  
No. 3, when compared with cocoa butter ,  should pos- 
sess a decreased tendency to bloom and should hold 
its gloss better. 

Hardness  

As mentioned above, one of the desirable char- 
acteristics of cocoa but ter  is its hardness at room 
temperature .  Actual ly  this hardness varies markedly  
with small changes ill ambient  temperatures,  but  
qual i tat ively cocoa but ter  always appears  to be hard.  
Hardness  indices, deternlined for  both cocoa but ter  

T A B L E  I I I  

H a r d n e s s  of Cocoa B u t t e r  and  F a t  No. 2a  

H a r d n e s s  I n d e x  
T e m p e r a t u r e ,  

~ Cocoa bu t t e r  F a t  No. 2 

16.6 26.1 27.1 
20.0 20.0  22.1 
22.8 11.8 14.3 
26.0 6.0 7.4 
19.7 16.6 b I 14.5 b 

" Samples  hea ted  above me l t ing  t empe r a tu r e ,  molded,  held for  15 rain. 
a t  5~ and  s tored  at  room t e m p e r a t u r e  for  3 days.  Tes t s  m a d e  wi th  a 
modified Br ine l l  i n s t r u m e n t  and  t echn ique  ( 8 ) .  

b S a m e  samples  a f t e r  five mon ths  at  room t e m p e r a t u r e .  

and Fa t  No. 2, are recorded in Table II2.  Apparen t ly  
there was no real difference between the two. They 
were equivalent a f ter  three days of temper ing  and 
a f te r  five months of storage at room temperature .  

S o f t e n i n g  Points  

Open-tube melt ing points (softening points) were 
determined for  mixtures  of cocoa but ter  with F a t  No. 
2 and Fa t  No. 3. Tests were made with both well- and 
poorly- tempered mixtures.  The data  obtained are re- 
corded in F igure  4. The addition of relat ively small 
amounts  of cocoa butter- l ike fats  to cocoa but te r  de- 
pressed the softening-point  of the latter.  With  well- 
tempered samples the max immn depression was less 
than 1.5 ~ and occurred with compositions containing 
about 20% cocoa butter-l ike fats. Wi th  poorly-tem- 
pered samples the max imum depression was somewhat 
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greater and occurred in mixtures containing about 
30% cocoa butter-like fats. These observations con- 
f o r m  wi th  the c la im of V e r k a d e  (10) t h a t  c lear  
melting-point depressions are encountered when one 
oleopalmitostearin is mixed with another. The de- 
pressions in softening point indicated in Figure  4 
can be regarded as relatively minor, probably less 
than those produced by milk fats and other confec- 
t ionery fats current ly  used with cocoa butter.  Some 
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Fro. 4. Softening points of mixtures of cocoa but ter  and 
cocoa butter-like fa t s :  A, Fa t  No. 2, mixtures tempered for 
25 days at 26~ B, Fa t  No. 2, mixtures of heat  cycled several 
times between 5 ~ and 26~ and then tempered for 16 hrs. at 
26~ C, :Fat No. 3, mixtures tempered for 29 days at  26~ 
and D, Fa t  :No. 3, mixtures tempered for 5 days at 26~ 

mixtures of glycerides can produce effects greater 
than those shown. For  example, a product  consist- 
ing essentially of oleodipalmitins, when mixed with 
cocoa butter,  has been found to depre~  the softening- 
point by more than 5 ~ (5).  

Performance in Coating Compositions 

Each of the fats represented in Table I was sent 
to a manufac turer  of chocolate-coating compositions, 
and in some instances snlall samples were sent to man- 
ufacturers  of confectionery fats. F a t  No. 1 was found 
to produce coating compositions with poor eating qual- 
ities; however the addition of emulsifiers was found 
to make them quite palatable. The eating qualities 
of coating compositions containing Fats  la,  2, and 3 
were found to be better, pr imari ly  because these fats 
contained less solids at body temperature.  

The presence of glycerides melting above about 
100~176 was found objectionable in another 
respect. Coating compositions made with fats con- 
taining high-melting glycerides could not be worked 
satisfactorily at about 92~176 the tempera- 
ture commonly used for chocolate compositions. How- 
ever one confectioner expressed the opinion that  the 
presence of small proportions of high-melting glyc- 
erides would be beneficial in some applications. In an 
earlier report  (6) it was shown that the presence of 
such hi~h-melting glycerides can improve the per- 
formanee of chocolate at summer temperatures.  I f  
necessary, small proportions of high-melting glyeer- 
ides can be removed by an additional filtration dur- 
ing the preparat ion of the cocoa butter-like fats. 

Possibly the most difficult problem to overcome will 
be the lack of sufficient contraction on molding. Ac- 
cording to prel iminary tests, molding Fa t  No. 3 under  
conditions employed in the manufacture  of chocolate 
results in a linear contraction equal to about one-third 
that for cocoa butter.  This can be a disadvantage if 
the confections are to be molded. On the other hand, 
the factors responsible for  poor contraction should 
make the cocoa butter-like fats more resistant to 
bloom. 
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