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Abstract 
The polymorphic behavior and thermal prop- 

erties of cocoa but ter  have been investigated 
by means of programmed temperature  x-ray dif- 
fraction and differential scanning calorimetry. 
The relationship of this polymorphism to the 
technical problems of " tempering" and "bloom" 
development is discussed. Cocoa butter  contain- 
ing, respectively, milk fat  and a bloom inhibitor, 
and some alternatives to cocoa but ter  have been 
studied. These results have provided information 
that  will help determine process conditions for 
these part icular  fats. 

Introduction 
Cocoa Butter Polymorphism 

The at tainment of various requisites for finished 
chocolate, e.g., gloss, prevention of fa t  bloom and 
acceptable melting characteristics, has for a long time 
been associated with the ability of cocoa but ter  to 
solidify in various crystalline forms. These require- 
ments have been met by determining conditions for 
the "tempering," cooling and storage of chocolate 
products;  the conditions were first found empirically, 
but subsequently studies of the phase changes of 
cocoa but ter  have begun to give a more basic under-  
standing of the physical processes involved. 

Several papers have been published on the relation- 
ship between cocoa butter  crystallization and tem- 
pering, cooling and "bloom" (1-8) ,  but  there has 
been controversy over the polymorphs involved and 
correlations of "melting points" with x-ray diffrac- 
tion patterns hdve been confused. In Table I the 
correspondence of the various reported forms is 
outlined. The confusion is easily dispelled by the 
use of programmed temperature x-ray diffraction in 
which the diffraction pat tern is obtained simulta- 
neously with the temperature changes. This tech- 
nique, together with differential scanning calorimetry, 
which supplies more detailed thermal information, is 
described below. 

The polymorphism of glycerides has been reviewed 
by Chapman (13,14), who with the aid of IR spec- 
troscopy reconciled the melting points and x-ray 
data for  saturated glycerides. In his system the three 
main crystallographic forms for monoacid triglyc- 
erides were designated by the Greek letters a, fl' 
and fl in order of increasing melting point, heat of 
fusion and density. 

The a-form had a sharp diffraction line at  about 
4.1 A, f l ' ,  two strong lines at 3.8 and 4.2 A, and 
fl, a strong line at 4.6 A. Larsson (15) has proposed 
a modified nomenclature which is applicable to mix- 
tures of triglycerides; in this scheme x-ray diffraction 
patterns only are used. The a-form has one strong 
short spacing near 4.15 A, the /~'-form has either 
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two strong lines near 4.20 and 3.80 A or three strong 
lines near 4.27, 3.97 and 3.71 A, and the fl-form is 
any polymorph which does not satisfy these criteria. 
I f  two or more crystal forms have the same designa- 
tion they are distinguished by subscripts in order of 
decreasing melting-points. 

For  cocoa butter  and its equivalents, the system 
of nomenclature used in this paper is that  of Wille 
and Lut ton (11), in which Roman numerals are used 
for the six forms of cocoa butter. The scheme of 
Larsson (15) is used for the other fats. 

A detailed s tudy of the polymorphism of cocoa 
butter  was published by Wille and Lut ton in 1966 
(11), in which they described six crystalline forms. 
Form I they interpreted as a sub-a phase, although 
this is better referred to as fl'2 because the short 
spacings are characteristic of fl' packing (10), and 
Form I I  corresponded to a normal a-form. Form I I I  
was possibly a mixture of phases. Form IV cor- 
responded to a known state of 2-oleyl-palmitostearin 
(POS).  These forms were related to the polymorphs 
of the principal glyceride constituents of cocoa butter,  
POS and 2-oleyldistearin (SOS),  and a te rnary  mix- 
ture of 50% POS, 25% SOS and 25% 1-stearyldi- 
olein (SO0)  closely paralleled the behavior of cocoa 
butter. 

Tempering 
The object of tempering chocolate has been as- 

sumed to achieve a sufficient concentration of the 
stable crystalline form of cocoa but ter  so that  on 
cooling the remaining liquid fat solidifies as this 
stable form with little supercooling. However, con- 
fusion has existed as to which is the stable crystalline 
form "fi" or "fl ' ," and during cooling it has been 
suggested that the solid phase is a mixture of "fl" 
and "fl '"  (3,4). This confusion in the past has 
resulted from the controversy over glyceride poly- 
morphs and from a failure to recognize a high melting 
fl-form. By using Table I the earlier l i terature can 
be interpreted. 

Bloom 
Several theories have been suggested for the cause 

of fat  bloom on chocolate, (1-6,16-20), and Wille and 
Lut ton tentatively suggested it may be due to the 
formation of phase VI. There are obviously several 
types and causes of fa t  bloom and only the type 
that can occur in chocolate on its own is dealt with 
in this paper. The effect of one of the additives, 
claimed to be a bloom inhibitor, on the polymorphic 
changes of cocoa but ter  is described below. 

Alternatives to Cocoa Butter 
For  economic and practical reasons, alternatives 

to cocoa but ter  which accurately reproduce its melt- 
ing characteristics have been sought. The normal 



D E C E M B E R ,  1 9 7 1  C H A P M A N  E T  A L :  C O C O A  B U T T E R  A N D  C O N F E C T I O N E R Y  F A T S  8 2 5  

T A B L E  I 

The Correspondence of Reported Forms of Cocoa Butter 

Wille  and  Witze l  and  Giddey  and Riiner Keil and Lovegren and 
Lutton (11) Becker (8 )  Y a e c k  (1)  Clerc (2)  (9 ,10)  D u c k  (4 )  n e t t i c h  (7)  F e u g e  ( 1 2 )  

I ~/ ~/ 8% | III 

m 8 } al ,  a a a 
Mix tu re  of a and  8" I I  

I V  8 '  8 ̀ -/ 8 '  u, f l ' l  
V 8 pre-8 B 8 ~ ~ '  /~' I 
V I  8 ~ ~ 

criteria for  a cocoa but ter  equivalent are that  it 
should have similar melt ing behavior and if it is to 
be used in conjunction with cocoa but ter  i t  should 
be "compatible." For  a cocoa but ter  substitute that  
is not used in conjunction with cocoa butter ,  i t  is 
necessary to have similar melt ing behavior and the 
products should not be susceptible to bloom. The 
polymorphic behavior of two of these substitutes is 
outlined below. The f a t ty  acid composition of the 
various fats  is outlined in Table II .  

Experimental 
P r o g r a m m e d  T e m p e r a t u r e  X - R a y  D i f f r a c t i o n  

The diffraction pa t te rn  tempera ture  (DPT)  camera 
was designed by S. Abrahamsson,  Crysta l lography 
Group, Ins t i tu te  of Medical Biochemistry, Universi ty 
of Goteborg, Sweden, and was supplied by Incentive 
]~esearch and Development,  Sweden. I t  consists of 
a 3 cm internal  diameter  cylindrical specimen cham- 
ber mounted above a small furnace containing a 
heating coil. A stream of gas passing over the coil 
enters the specimen chamber axially below the speci- 
men, which is mounted vertically. The x-ray beam 
is collimated by two vertical slits, and the diffracted 
rays pass out of the specimen chamber through a 
Mylar  window. The diffraction pa t te rn  is recorded 
on film for 20 is ca. 1.1 - 90 ° on one side of the 
central beam, and for 20 is ca. 1.45 -- 4 ° on the 
other. The film is carried on the inside of a quar ter  
cylinder of 20 cm diameter, coaxial with the speci- 
men, and moving vertically, normal to the x-ray 
beam, at  a constant speed of 2.67 era/hr.  Only a 
narrow equatorial  section of the diffraction pa t te rn  
is allowed to fall on the film through an adjustable 
slit in a cylindrical screen. 

Samples. Melted and sealed in thin walled glass 
capil lary tubes, 0.7 mm. in diameter, the samples were 
either put  through suitable thermal programs while 
recording their  diffraction patterns,  or were stored 
for two to three months in order to stabilize crystal 
forms and pat terns  then recorded. 

Thermal Programs. Samples were heated and 
cooled by  a s t ream of d ry  nitrogen, ca. 20 l i ters/min. ,  
obtained by boiling off liquid nitrogen and passing 
the gas over the heating coil in the camera furnace. 
The tempera ture  of the gas was programmed by a 

T A B L E  I I  

The Approximate Fatty Acid Composition of the Fats 
( G L C  of Methylesters) 

Cocoa 
butter 
with A hydro- 
30 % genated 

Cocoa mi lk  Nucoa  vegetable 
butter Coberine fat S fa t  

C1~ . . . . . . . . . . . .  0.7 2.7 5.5 
C~z . . . . .  0.6 1.O 42.9 41.9 
C14 ...... 0.5 2.4 19.0 16.0 
Cle 24.4 28.8 25.2 10.3 10.2 
Cls 35.0 26.3 25.4 12.7 17.6 
CIs' 36.3 37.4  33.4 2.4 4.0 
Cls" 2.8 4.4 4.3 . . . . . . . . . . . .  
O~  1.0 0.6 1.3 
Others 0.5 1.4 6.3 10.O 4.8 

Hewlet t -Packard  Model 240 reversible temperature  
p rogrammer  which was modified by the addit ion 
of a reference thermocouple held at 0 C to reduce 
program fluctuations due to changes in room tem- 
perature.  The tempera ture  of the specimen was 
sensed by a NiCr-NiA1C thermocouple placed as close 
as possible to the i r radiated pa r t  of the specimen. 
The output  f rom this thermocouple was recorded. 
This system enabled heating or cooling of specimens 
at rates of ca. 0.3 to 16 C/min  or holding at  any 
desired tempera ture  while continuously recording 
pa t te rn  changes. 

Pattern Recording, Measurement and Accuracy: 
Pat terns  were recorded on I l ford  Indust r ia l  G fast  
x-ray film using Cu Ka Ni-filtered radiation f rom 
the line focus of a Philips x-ray tube ( P W  2073/62) 
supplied by a Philips generator ( P W  1011) operated 
at 20 ma and 40 kv. 

Diffraction pat terns  were measured using a Joyee- 
Loebl Microdensitometer Mark I I I ,  with a trace to 
film ratio of 5:1, the long spacings recorded on each 
side of the direct beam being used to determine the 
center of the pat tern .  The accuracy attainable by 
this method is ca. ± 5 A at 70 A, ± 1 A at 35 A 
and ± 0.02 A at 4.5 A. Intensities of diffraction 
lines were estimated visually. 

The accuracy with which melting points could be 
determined f rom disappearance of diffraction lines 
on the film was tested visually and by microdensi- 
tometry  along the lengths of suitable lines for ice, 
gallium (99.9999% pure) ,  laurie acid, fi-naphthyl 
ethyl ether and thymol. Results (Table I I I )  show 
that  there is little difference in accuracy in the two 
methods of measurement,  and as the visual method 
is quicker this was used in the present investigation. 

The use of p rogrammed temperature  x-ray dif- 
fract ion is a recent development. I t  has been used 
by Riiner (9,10) to s tudy fats, and he made some 
observations on cocoa butter.  The sample size is 
very small (ca. 1 rag) and the extrapolation f rom 
this to large scale operation requires caution. 

D i f f e r e n t i a l  S c a n n i n g  C a l o r i m e t r y  

The ins t rument  used was a Perkin Elmer  dif- 
ferential  scanning calorimeter (DSC) lB. The prin-  
ciples of differential scanning calorimetry and its 

T A B L E  I I I  

Comparison of Melting Points Determined by the Diffraction Pattern 
Temperature (DPT)  Camera and Other  Methods 

Deter-  
m i n a t i o n  

in  m p  
mp  F r o m  D P T  film tube 

u s i n g  
V i s u a l  Micro N P L  Litera- 

measure- densi tom- the rmom-  ture 
ment ,  etry, eter, value,  

Substance C C O C 

Ice  2.1 2.4 0 
Gal l ium 

( 9 9 . 9 9 9 % )  28.3 ...... 29.78 
f l-Naphthyl  ethyl 

ether 35.6 36.3 36.0 35.0 
L a u r i e  acid  44.3 ...... 44.0 44.0 
Thymo~ 49.0  49.1 50.2 50.0 
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TABLE IV 
The Phases  of Cocoa But te r ,  Cocoa B u t t e r  Con ta in ing  Milk F a t  ( C B / M F )  and  Coberine 

P h a s e s  Mater ia l  

Disap-  Ap- 
pearance  pearance H e a t  of 

Mel t ing  of form, of form, fusion,  Fo rma t ion  
point ,  C C O c a l / g  on 
( D P T )  a ( D P T )  ( D P T )  ( D S C )  DSC 

X-ray pa t t e rn  

L o n g  Shor t  
spac- spac- 
ings,  ings,  

A A 

Cocoa 
B u t t e r  

O B / M F  

Coberine 

ca. 5 

ca. 5 15.7 

ca. 3 

Ext remely  54 S b 4.17 
rap id  27 M 3.87 
cooling 
(never  
observed 
pure)  

Rap id  54 VS 4.18 
cooling 35 ~ 3.80 
of melt 27 M 
t o 0 C  

R a p i d  51 VS 4.18 
cooling 28 W 
of melt. 
0 n l y  ob- 
served as 
a shoulder  
on peak 
of Fo rm I I  

S 

VS 
MS 

VS 

I I  

Cocoa 
B u t t e r  

CB/MF 

Coherine 

19.5 

18.8 

19.1 

Cool the 
melt to 
0 C, w a r m  
to 5 C and 
hold for 
20 min  

Ho ld ing  a t  
10 0 for  
100 min  

Rap id  
cooling 
of melt. 
Hold at  
5 C for  
5 min.  

51 
16.3 

52 
16.2 

51 
16.3 

VS 
M 

VS 
M 

VS 
MS 

4.20 VS 

4.21 VS 

4.20 S 

I l l  

Cocoa 
B u t t e r  

CB/MF 

Coherine 

20.7 

18.0 

2 0 . 9  

1 4 . 5  

13.5 

14 .6  

2 1 . 5  

2 0 . 6  

22.3 

Cool melt 
to 15 C 

W a r m  I I  
to 20 O. 
Hold for  
20 rain 

Cool melt  
at 8 C / m i n  
to 10 C. 
W a r m  to 
12 C. Hold  
for 10 m i n  

51 
25 
16,4 

52 
16.1 
15.2 

50 
24 
16.6 

VS 
V W  
M 

VS 
M 
~ V  

VS 
V W  
M 

4.2.0 VS 
3.87 W 

4.61 
4.23 VS 
3.86 W 

4.20 VS 
3.89 V'W" 

I V  

Cocoa 
B u t t e r  

C B / 3 g F  

Coberine 

2 5 . 6  

2 1 . 9  

2 8 . 6  

24.8 

24.0 

Slow 
w a r m i n g  
of III 
to 26 O 

W a r m  to 
23 C. Ho ld  
for 10 
miu  

Unobta in -  
able 
P u r e  

49 
14.8 

46 
14.9 

49 
23 
15.1 

VS 
W 

VS 
M 

V S  
V W  
MS 

4.32 S 
4.13 S 
3.88 W 
3.75 M 

4.34 S 
4.12 S 
3.83 W 

4.30 S 
4.15 S 
3.92 M 

V 

Cocoa 
B u t t e r  

CB/MF 

Coberine 

30 .8  

27.2 

30.2 

2 8 . 1  

2 7 . 5  

2 6 . 8  

Slow 
w a r m i n g  
of I V  to 
29 C or 
ho ld ing  
a t 2 5  C 
for  3 days 

Cool melt  
t o 0 C .  
W a r m  to 
25 C at  
1 C/ ra in .  
Hold  for  
30 rain 

Cool melt  
t o o  C. 
W a r m  to 
23 C. Hold  
for 30 
min 

66 
33 
16.2 
12.8 

8.1 
7.1 
5.38 
5.13 

67 
33 
16.2 
12.9 

8.1 
7.1 
5.40 
5.16 

7O 
35 
21 
15.5 
12.9 

8.0 
5.36 

S 
S 
V W  
3I 
M 
V W  
M 
V W  

S 
S 
V W  
V W  
M 
V W  
M 
V W  

S 
S 
V W  
V W  
V W  
W M  
M 

4.58 VS 
4.22 ~rW 
3.98 MS 
3.87 M 
3.73 M 
3.65 MS 

4 . 6 1  VS 
4.23 V'W 
3.99 ~ S  
3.86 M 
3.75 M 
3.68 MS 

4.56 YS 
4.18 W M  
3.96 MS 
3.87 M 
3.70 MS 



DECEMBER, 1971 CHAPMAN ET AL: COCOA BUTTER AND CONFECTIONERY FATS 

TABLE IV 
The Phases of Cocoa Butter, Cocoa Butter Containing Milk :Fat (CB/MF) and Coberine (Concluded) 

827 

Phases  Material 

X-ray pattern 
(DPT) Ap- 
Disap- pearance Heat  of Long  Short 

Melt ing pearance of form, fusion,  l~ormation spac- spae- 
point,  C of form. (3 c a l / g  on ings,  ings,  
( D P T ) a  C ( D P T )  (DSC)  DSC A A 

Cocoa 
Butter 

VI OB/MF 

Coberine 

Several  63 S 4.53 VS 
32.3 32.9 months  at  31 S 4.21 VW" 

27 C 15.9 ¥ W  4.01 W 
(exter- 12.7 MW 3.84 ]~ 
nal ly pro- 8.0 MW 3.67 S 
duced) 7.0 W 

5.37 M 
5.09 V W  

30.6 ...... Several  65 S 4.88 V W  
months  at  35 S 4.60 VS 
27 C 13.3 • W  4.25 VW 

10.7 V W  4.02 W 
8.0 W 3.87 M 
7.1 V W  3.68 S 
5.42 h~ 
5.22 Y W  

30.5 28.2 One week 70 S 4.61 VS 
at 27 C 33 S 4.22 W ~  

23 ¥ W  4.01 WM" 
12.8 V W  3.86 M 

7.9 ¥ W  3.68 S 
7.0 Y W  
5.42 :Y[ 

a Abbreviations: DPT, diffraction pattern temperature; DSC, differential scanning calorimetry.  
b Intensities estimated visually as: VS,  very strong; S, strong; MS, medium strong; h~, med ium;  MW, medium to weak ;  WM, weak to 

medium;  W, weak ;  ¥ W ,  ve ry  weak. 

applicat ion to fats  have been described previously 
(21) and it has been used for investigating heats 
of fusion (22), fa t  solids (23) and the physical 
properties of chocolate (24). The DSC can also be 
used to provide complicated tempera ture  programs 
to produce a par t icular  polymorph or mixture  of 
polymorphs and these can be investigated in situ. 

Even at  very slow heating rates the melt ing of 
one pure  polymorph does not produce a sharp peak, 
but the solid melts over a range (21). Fo r  this 
reason melt ing points for  fats  by DSC are not 
reliable as indicators of the par t icular  crystalline 
form involved, except where the melt ing range is 
sufficiently distinct to make assignment definite. 

The DSC was calibrated for t empera ture  and 
areas corresponding to enthalpy changes with gall ium 
(99.9999% pure)  and benzoic acid. The use of these 
s tandards  requires care, since the liquid of the former  
dissolves the a luminium of the sample pans, and the 
la t ter  is volatile around its melt ing point. Never- 
theless they are. the most convenient s tandards for  
measurements around the tempera ture  range of fa t  
melting. 

Mater ia l s  

The cocoa but ter  used for  all these studies was f rom 
West Africa. Sorbitan t r is tearate  was obtained f rom 
Croda Food Products  Limited. Coberine, Nucoa S 
and the hydrogenated vegetable fa t  were supplied 
by Loders and Nucoline Limited. 

Discussion 
Cocoa But ter  

The Six Phases. The six phases of cocoa but ter  
are outlined in Table IV, and the data are similar 
to those of Wille and Lut ton (11). However, tem- 
peratures  of t ransformat ion  or melt ing points of the 
phases were, on the whole, several degrees lower than  
theirs. Melting points determined for pure  forms 
would be expected to have the same order of accuracy 
as those shown in Table I I  for gallium, lauric acid 
and fi-naphthylethylether,  but  melt ing and t ransfor-  
mation temperatures  of mixed forms are more difficult 
to determine because of overlapping diffraction lines, 
and are likely to be less accurate. Although poly- 

morphic forms were readily recognizable on the films, 
pure  phases were rare ly  obtained. Consequently, 
estimated intensities of x-ray diffraction lines were 
modified by overlapping of pat terns  f rom different 
phases result ing in slightly different values f rom 
those reported by Wille and Lutton. 

The heats of fusion were obtained by DSC, but  
none could be obtained for Form I, since this was 
never produced pure ;  it presumably has a heat of 
fusion less than Fo rm II .  

The six phases of cocoa but ter  are shown in F igure  
I as they were produced on the D P T  camera. The 
scheme of presentation of this d iagram is as follows. 
Time is marked off down the left-hand side, then 
the x-ray diffraction pa t te rns  are displayed;  under-  
neath the diffraction pat terns  the angles are marked 
out. Down the r ight  hand side the tempera ture  pro- 
g ram is displayed. 

FIG. 1. The six phases  of cocoa but te r .  
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Fo rm V I  was produced externally and the sample 
was loaded in this fo rm at room temperature.  On 
heating, this melted at  32 C. Rapid  cooling of the 
liquid produced Fo rm I. On warming at 0.5 C/min  
the cocoa but ter  changed f rom Form I via I I  and 
I I I  to Form IV. Af t e r  holding at  25 C Form I V  
changed to Form V, being completely t ransformed 
af ter  100 rain. 

The interpretat ion of the diffraction pat terns  in 
terms of crystal  s t ructure  has been outlined by Wille 
and Lut ton (11) and the changes occurring dur ing 
the t ransformat ion V --+ VI  have been studied by 
Witzel and Becker (8). 

Thermal Transformations. To the chocolate manu- 
facturer ,  knowledge of the polymorphic forms with 
their  respective stabilities is not sufficient to indicate 
pract ical  conditions for tempering, cooling and stor- 
age. Informat ion  on the possible t ransformations 
and rate of t ransformat ions  at various temperatures  
is also required. I t  is not just  the higher melt ing 
forms that  are of interest, since there are some 
processes concerned with manufac tur ing  chocolate 
pieces that  involve temperatures  as low as --10 C. 

The possible t ransformat ions  of cocoa but ter  are 
outlined in F igure  2. All phases can t ransform to 
the higher melt ing one and all (except possibly Fo rm 
I, which was not observed to melt) are able to melt. 
Evidence for the t ransformat ions  to the higher melt- 
ing phases is provided in Figure  1; rapid cooling 
of liquid cocoa but ter  produced Form I, which on 
slow warming (0.5 C/min)  t ransformed through 
Forms I I ,  I I I  and IV  to Form V. 

I t  was found by DSC that  slow cooling of the 
liquid (2 C/min)  produced Form II ,  but it was 
difficult to determine whether rapid  cooling of the 
melt  produced a mixture  of Forms  I and I I  or pure  
Form I. A DSC scan of the solid produced always 
shows a mixture,  but  at least some of the Fo rm I I  
would have been generated dur ing the scan. Wille 
and Lut ton (11) achieved a complete melt ing of 
Form I by 18 C, but  it has been suggested that  this 
corresponds to a melt ing point for an incompletely 
developed F o r m  I I  (10). 

Fo rm I I I  could be produced either directly f rom 
the melt  or by t ransformat ion of Form II .  Fo rm I V  
was produced f rom the liquid direct ly or it  could 
be obtained by  t ransformat ion of Fo rm I I I .  

The production of Fo rm V directly f rom the melt  
was extremely slow; af ter  cooling liquid cocoa but ter  
to 30 C no solid was produced on holding at  this 
tempera ture  for one week (10 mg in a DSC sample 
pan) .  Form V I  has only been produced by trans- 
formation f rom Form V. 

A DSC trace of normal  commercial chocolate in- 
dicates that  the fa t  is present in F o r m  V. Most 
temper ing systems involve a final t empera ture  of 
29-31 C before sett ing and this is above the melt ing 
point of all polymorphs except Forms V and VI.  
Because of the time required to produce F o r m  VI,  
the solid present  in the tempered chocolate is pre- 
sumably in Fo rm V. On cooling the tempered 
chocolate it would then be expected that  the remain- 
ing liquid crystallized as this polymorph.  

Fro. 2. The possible transformations of cocoa butter. 

The temper ing  and cooling behavior of cocoa but ter  
has been simulated on the D F T  apparatus .  A suit- 
able p rogram for p repar ing  tempered cocoa but ter  
evolved af ter  several a t tempts  but  was not always 
reproducible;  af ter  rapid  cooling of the melt  the 
cocoa but ter  was slowly warmed to 25 C, at which 
tempera ture  it was held for  2 to 21~ hr. I t  was 
then heated a t  0.5 C/rain to 29 C in order to destroy 
any  Fo rm IV. 

At  29 C the cocoa but ter  then consisted of a 
mixture of Fo rm V and liquid; on lowering the 
tempera ture  at 0 .5C /min  there was considerable 
supercooling until  16 C when Form I I  crystallized. 
When the tempered sample was cooled to 20 C and 
held at that  temperature ,  a mixture of Forms I V  
and V solidified and the pa r t  in Form IV slowly 
t ransformed to Form V. 

These results showed that  liquid cocoa butter,  in 
the presence of Form V, could crystallize par t ly  as 
Form IV. These findings were supported by traces 
obtained f rom the DSC. When tempered cocoa butter  
(or chocolate) was rapidly  cooled and subsequently 
scanned on warming, besides the presence of Form 
l I  a mixture  of Forms IV  and V was indicated; 
some of this Form I V  was produced during the 
scan since a small exotherm was present  but the 
larger par t  was formed during the cooling. 

Bloom. Bloomed chocolate has been produced by 
cycling the tempera ture  of finished chocolate between 
9 C and 27 C over a period of months;  this was the 
method used to produce Fo rm VI  in Figure  1. The 
chocolate was investigated by the D P T  appara tus  
and the DSC. Because of the interference from the 
other x-ray lines of the other crystalline materials 
in chocolate, the small differences in x-ray spacings 
between Forms V and VI  could not be discerned. By 
DSC it was shown tha t  the fa t  was in a mixture 
of Forms V and VI.  

Some of the actual bloomed portion was removed 
and compared with the normal  dark colored chocolate 
for glyceride composition. Contrary  to some claims 
(18) we have observed no significant differences 
between the fa t ty  acid constituents of the bloomed 
and nonbloomed par ts  of chocolate (gas liquid chro- 
matography  of methyl esters),  and the cause of this 
bloom is unlikely to be the separation of any par-  
t ieular glyceride or glycerides. 

Other types of bloom can occur, par t icular ly  that  
associated with fa t  migrat ion f rom a separate source 
such as where a center containing a liquid fa t  is 
surrounded by chocolate. In  these eases the fa t ty  
acid constituents of the bloomed par t  could well be 
different, but  this type of bloom is not dealt with 
in this paper.  

Some types  of bloom obviously consist of a f a t ty  
layer on the surface which can be wiped off, but  
the type produced by the tempera ture  cycle above 
persists into the body of the material.  On certain 
occasions the fat  content of the bloomed chocolate 
was less than  for the main body indicating that  
contraction of the fa t  had occurred into certain par ts  
leaving others with less f a t ;  a possible cause of this 
contraction could be the change of Fo rm V to Fo rm 
VI, with the subsequent stress produced causing 
breakup of the flat surfaces. 

Cocoa Butter  Containing Mi lk  r a t  

Most chocolate produced in Great  Br i ta in  is milk 
chocolate, in which the fa t  is a mixture  of cocoa 
but ter  and milk fat. The polymorphic behavior of this 
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mixture  as shown in Table I V  is very similar to that  
of cocoa bu t te r ;  for these investigations the cow 
but ter  percentage was 30% of the total  fat. 

The melt ing points of all the phases are lower 
than for  pure  cocoa butter .  The rate  of t ransforma-  
tion of each polymorph to the next  higher melt ing 
one is slower, and pure  F o r m  I is obtainable giving 
a single melt ing peak on the DSC. Fur thermore ,  the 
t ransformat ion of F o r m  V to Form V I  is slower; 
cocoa but ter  stored for  five months at room tem- 
pera ture  (23 C) showed considerably more Fo rm V I  
than cocoa but ter  with milk fa t  a f te r  eight months 
at a similar temperature.  This slow transit ion of 
Fo rm V to V I  may  account for the observation that  
the addit ion of milk fa t  to cocoa but ter  re tards  
bloom formation (6,18,25). 

The six phases of cocoa but ter  containing milk fa t  
have been prepared  on the D P T  apparatus .  A tem- 
pering procedure similar to tha t  for cocoa but ter  was 
used and cooling f rom 29 C of the mixture  of Fo rm 
V and liquid produced a mixture of Forms  V and 
I V  as with cocoa butter.  

On some occasions a f te r  warming f rom 5 to 25 C, 
and holding a t  25 C, there was a rapid  development 
of Fo rm V, whereas, on others the development was 
slow. Since the conditions were identical, i t  is pre- 
sumably the randomness of chance nucleation that  
is the cause of the different rates of crystallization. 
However, it appeared tha t  liquid cocoa but te r  con- 
raining milk fa t  was more willing to s ta r t  crystal- 
lizing than  cocoa bu t te r  alone at 25 C. 

The abili ty of cocoa but ter  to dissolve up to 30% 
milk fa t  without significantly al tering its poly- 
morphism is surpr is ing considering the very  complex 
nature of the triglycerides of the animal fat. I t  may  
be this complexity that  helps prevent  glyceride 
separation. Milk fa t  is known to exist in the a, f l '  
and fl-modifications (26), which would tend to make 
it more compatible with cocoa butter.  

Cocoa Butter With Sorbitan Tristearate 

The addition of a var ie ty  of additives to chocolate 
to prevent  f a t  bloom has been proposed, the most 
common being sorbitan tr is tearate sorbi tan mono- 
stearate and polyoxyethylene sorbitan monostearate 
(6,16,24,25,27,28). The mechanism of the action of 
these bloom inhibitors is not known in detail, but  
for sorbitan t r is tearate  only one crystal  fo rm has so 
fa r  been observed with a single short spacing at  
4.2 A (29). I t  was also shown tha t  sorbitan tri- 
stearate stabilized the a-form of t r ipahni t in  and it 
is possible that  the action in cocoa but ter  is to 
re ta rd  any  polymorphic changes. 

Rapid  cooling of molten sorbitan t r is tearate  gave 
the same peak on the DSC as that  produced by 
holding solid sorbitan t r is tearate  5 C below its melt- 
ing point  for  two weeks ( temperature  and A Hf of 
the peaks were identical).  This almost certainly rules 
out any  polymorphic change in the mater ial  under  
these conditions, but it is recognized that  this type 
of behavior does not necessarily extend to its action 
in cocoa butter .  

The x-ray  spacings for  cocoa but ter  containing 
sorbitan t r is tearate  (1.5%) were the same as for  
cocoa but ter  alone and only very small differences 
in the polymorphic behavior could be detected, one 
being the slower formation of Form VI. 

Cocoa but te r  containing sorbitan t r is tearate  has 
been tempered by  the same procedure as for  cocoa 
butter.  With  sorbitan t r is tearate  present  there was 

a very much smaller development of Fo rm I V  when 
the mixture  of Form V and liquid was cooled f rom 
29 C and held at 20 C. When the tempered mixture  
was cooled rap id ly  the polymorph that  solidified with 
Form V was Fo rm I. 

The effect of sorbitan t r is tearate  was the re tarda-  
tion of any  polymorphic changes, once the crystal  
s t ructure  has been established, although it did not 
re tard  the initial development of solid. This would 
account for its action as a bloom inhibitor. 

Other C o n f e c t i o n e r y  Fats  

Because of the comparat ive scarcity of cocoa butter ,  
al ternative coating fats  have been sought for  a long 
time, either for  pa r t  or total replacement. The 
par t icular  features of cocoa but ter  that  need to be 
matched are its melt ing characteristics and its com- 
parat ive  freedom f rom bloom. 

Three different types of cocoa but ter  al ternatives 
have been dist inguished: an equivalent, which can be 
mixed with cocoa but ter  in any  proport ion without 
altering the melt ing characteristics and which has 
itself similar melt ing propert ies;  an extender which 
can be used as a pa r t  replacement for  cocoa butter,  
but  does not necessarily have similar melt ing prop- 
erties over the whole range of addition; and a sub- 
stitute, which alters the melting propert ies of cocoa 
butter,  which may  itself have different melt ing char- 
acteristics, but  can be used as a coating fat. The 
crystal  lattice, formed largely f rom a mixture  of 
POS and SOS triglycerides in cocoa butter ,  can 
obviously accommodate large amounts of some fats  
(e.g., up to 30% but ter  fa t )  with only slight altera- 
tion to its polymorphie  behavior. Some fats, such as 
those which contain a high proport ion of long chain 
triglycerides, such as PSP,  which do not have a fl- 
form cannot be expected to fit into the crystal  struc- 
ture. The melt ing behavior of mixed triglycerides 
has been reviewed (30), but little is known of the 
complicated t e rna ry  mixtures  involved. 

Any  substi tute tha t  is to be used in conjunction 
with cocoa butter ,  at  levels up to 100%, must  have 
a similar polymorphism to cocoa butter.  Of those 
fats  examined to date, the most successful a t t empt  
is the product  marketed as Coberine (31). 

Coberine (A Cocoa Butter Equivalent) 

The data for the six polymorphic phases of 
Coberine are shown in Table IV. 

The agreement  with cocoa but ter  is very close with 
six comparable polymorphs  melt ing at similar tem- 
peratures.  The main difference between the behavior 
of Coberine and cocoa but ter  is the rate of trans- 
formation of one form into another. Form I (similar 
designations have been used for the polymorphs of 
Coberine) was unobtainable in the pure state and 
only appeared  as a shoulder on the DSC peak of 
Fo rm I I ;  on the D P T  camera very little Fo rm I 
was visible. On the DSC, when the liquid was cooled 
at  8 C/rain, the result ing solid was a mixture  of 
Forms I I  and I I I .  Coberine was also found to possess 
a more pronounced F o r m  I I I  than cocoa butter ,  
since it had a more distinct x-ray pat tern.  

On the DPT,  cooling of the tempered  fa t  a t  0.5 C /  
rain produced Forms  I V  and V, although the amount 
of Fo rm I V  produced was less than for cocoa but ter  
under  similar conditions. In  order to achieve the 
temper, the fa t  was held at  22 C instead of 25 C. 
There was a l so ' r ap id  development of Fo rm V I  with 
strong crystall inity,  a f te r  six weeks' storage. 
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N u c o a  S (A. C o c o a  B u t t e r  S u b s t i t u t e )  

N u c o a  S is  a f a t  d e v e l o p e d  f o r  h i g h  q u a l i t y  coa t -  
i n g s ,  w h i c h  c o n t a i n s  a d d e d  s o r b i t a n  t r i s t e a r a t e .  

R a p i d  coo l i ng  of  l i q u i d  N u c o a  S p r o d u c e d  some  
a - p h a s e  w i t h  a t r a c e  o f  f l ' .  A f t e r  h o l d i n g  a t  0 C t h e  
a m o u n t  of  fl '  i n c r e a s e d ,  a n d  on  w a r m i n g  a t  0.5 C /  
m i n  a l l  t h e  a - p h a s e  d i s a p p e a r e d  b y  16 C. M o s t  o f  
t h e  f l '  m e l t e d  a t  33 C l e a v i n g  a t r a c e  of  c r y s t a l l i n i t y ,  
a n d  k e e p i n g  t h e  fl '  a t  22 C p r o d u c e d  n o  f u r t h e r  
p o l y m o r p h i c  c h a n g e .  

F r o m  t h e s e  r e s u l t s  i t  c a n  be seen  t h a t  t h e r e  is no  
a d v a n t a g e  in  t e m p e r i n g  t h e  f a t  to  p r o d u c e  a s t ab l e  
p o l y m o r p h  p r o v i d e d  t h e  t e m p e r a t u r e  r e m a i n s  above  
a p p r o x i m a t e l y  15 C, s ince  t h e  o n l y  p o l y m o r p h  t h a t  
a p p e a r s  above  t h i s  t e m p e r a t u r e  d u r i n g  a n y  r e a s o n -  
ab le  p r o c e s s i n g  t i m e  is f l ' .  

A H y d r o g e n a t e d  V e g e t a b l e  r a t  ( A  Cocoa  B u t t e r  S u b s t i t u t e }  

This was a blend of hydrogenated vegetable fats 
used for some chocolate-type coatings. It existed pre- 
dominantly in the fl'-form but melted at three 
distinct temperatures, 24.5 C, 32.5 C and 38 C. These 
temperatures presumably correspond to the melting 
points of three inhomogenous constituent triglye- 
erides. The addition of sorbitan tristearate (1.5%) 
and milk fat (30%) was investigated to find out 
if they influenced the polymorphic behavior. With 
both of these additives some a-phase was observed 
after rapid cooling and this a-pattern disappeared 
by 17 C; there was also very little difference in the 
melting points of the fl'-phases from those of the 
fat without the additives. 

After storage of the fat for three months a very 
weak fl-patteru emerged. 

A s  w i t h  N u c o a  S,  t e m p e r i n g  of  t h e  f a t  p r o d u c e d  
n o  a d v a n t a g e s  i n  o b t a i n i n g  a s t a b l e  p o l y m o r p h  a n d  
w o u l d  n o t  be of  p r a c t i c a l  h e l p .  

ACKNOWLEDGMENTS 
The Directors of Mars Ltd. and J. Lyons & Co. Ltd. gave per- 

mission to publish this paper. Miss A.V. Bell recorded and developed 
the x-ray films. 

REFERENCES 
1. Vaeck, S.V., Mfg. Confect. 40:35 (1960). 
2. Giddey, C., and E. Clerc, Int. Choc. Roy. 16:548 (19{}1). 
3. Wonsicwicz, B.R., and F.R. Paulicka, Mfg. Confect. 47:88 

(1967). 
4. Duck, W., Gordian 67:28 (1967). 
5. Campbell, L.B., and P.G. Keeney, Food Technol. 22:1150 (1968). 
6. Kleinert, J., Int. Choc. Rev. 16:201 (1961). 
7. Keil, C., and A. Hettich, Ibid. 8 : 2 6 5  (1953). 
8. Witzel, H., and K. Becker, Fette Seifen Anstrichm. 71:507 (1969). 
9. Riiner, U, JAOCS 47:129 (1970). 

10. Riiner, U., Lebensm. Wissensch. Teehnol. 3:101 (1970). 
11. Wille, R.L., and E.S. Lutton, JAOCS 43:491 (1966). 
12. Lovegren, N.V., and R.O. Feuge, Ibid. 42:309 (1965). 
13. Chapman, D., Chem. Rev. 62:433 (1962). 
14. Chapman, D., "'The Structure of Lipide," Methuen and Co.. 

London, 1965. 
15. Larsson, K., Acta Chem. Scand. 20:2255 (1966). 
16. Du Ross, J.W.. and W.H. Knightly, Mfg. Confect. 45:50 (1965). 
17. Cerbulis, J., C~. Clay and C.H. Mack, 5AOCS 34:533 (1957). 
18. Parlow, R., Gordian 59:1411 (1959). 
19. Neville, H.A., N.R. Easton and L.R. Barton, Food Teehnol. 4: 

411 (1950). 
20. Andersson, W., Int. Choc. Rev. 17:550 (1962).  
21. Haighton, A.J., and L. Vermaas, Fette Seifen Anstrichm. 71: 

614 (1969). 
22. Hampson, J.W., and H.L. Rothbart, JAOCS 46:143 (1969). 
23. Bentz, A.P., and B.G. Breidenbach, Ibid. 46:60 (1969). 
24. Chevalley, J., W. Rostagno and R.H. Egli, Int. Choc. Rev. 24: 

377 (1969). 
25. Campbell, L.B., and P.G. Keeney, Mfg. Confect. 48:77 (1968). 
26. de Man, J.]~., Dairy Sci. Abst. 25:219 (1963). 
27. Easton, N.R., D.J. Kelly, L.R. BaYtren, S.T. Cross and W.C. 

Griffin. Food Technol. 6:21 (1952). 
28. Ludwig, K.G., Fette Selfen Anstrichm. 71:672 (1969). 
29. Krog, N., Ninth Congress of the International Society for Fat 

Research, 1968. 
80. Rossell, J.B., Adv. Lipid Res. 5:853 (1967). 
31. British Patent 827,172. 

[Received Oetober 30, 1970] 


