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Twenty-four  commercial ly pressed cocoa bu t te r s  and 39 
labora tory  solvent ex t rac ted  cocoa but ters  were  evalu- 
ated. A rapid method using differential scanning calorim- 
e t ry  {DSC) was used to evaluate  the hardness  of small  
quant i t ies  of cocoa but ter .  In the  D S C  t he rmogram of a 
quenched sample,  the  percentage  area under  the  poly- 
morph  I I  endotherm had a posit ive correlation {r -- 0.74) 
with the mechanical  hardness.  Soft  cocoa but ters  were  
characterized by high POO, SOO content  {P : palmit ic  
acid, O = oleic acid, S = stearic acid), high iodine value, 
low percentage area under the polymorph I I  endotherm 
from the  D S C  scanning, and low SOS. Ha rd  cocoa but- 
ters displayed opposite characteristics. In general, South 
American cocoa but ters  were  the  s o f t e s t  and had a 37.03 
iodine value, a to ta l  of 9.1% POO and SOO, and a 26.4% 
area under the polymorph I I  endotherm. Cocoa but t er s  
f rom Asia and Oceania were the  hardes t  and had a 34.74 
iodine value, a to ta l  of 4.1% POO and SOO, and a 35.65% 
area under the polymorph I I  endotherm. Nor th  and Cen- 
t ral  American and African cocoa but ters  were  inter- 
m e d i a t e  in hardness  characterist ics.  

Cocoa but ter ,  which amounts  to 25-36% in finished 
chocolate, is responsible for the smooth texture, contract- 
ability, flavor release, and gloss of the product. However, 
differences in physical characteristics, such as crystalliza- 
tion behavior and hardness of cocoa but ters  from various 
origins, have been observed. Generally, Malaysian cocoa 
bu t te r  is hard and has low iodine value (1), whereas 
Bahian {Brazil) cocoa bu t te r  is the opposite {2-5t. Most  
cocoa bu t te r s  were repor ted to have similar triacyl- 
glycerol composit ions i4), but  a variat ion in SOS content  
IS = stearic acid, O = oleic acid) has been reported (5). 
The differences in physical  and chemical characteris t ics  
of cocoa bu t te r s  could be caused by  the climatic varia- 
tion of cacao growing areas. Cocoa bu t te r  obtained from 
fruits grown at low tempera ture  is soft and contains high 
d iunsa tura ted  tr iacylglycerols (6) and high unsa tu ra ted  
fa t ty  acids, i.e., oleic and linoleic acid (2). Rainfall caused 
high concentrat ions of stearic acid, oleic acid, C56 
triacylglycerol,  and free f a t ty  acid (7), but  did not shown 
an effect on the iodine value {3). Sunlight, on the other 
hand, increased the palmitic acid content  (7) and the 
iodine value of cocoa bu t te r  (3). 

Cocoa bu t t e r  exhibi ts  six po lymorphs  in which 
polymorph I has the least stability and the lowest melting 
point. Stabili ty and melt ing points of the polymorphs in- 
crease with t ransformat ions  f rom polymorph I to VI. I t  
is believed tha t  these t ransformat ions  occur in the liquid 
s ta te  except for the V -~ VI, which occurs in a solid s ta te  
{8). Some evidence indicates tha t  only four cocoa bu t te r  
polymorphs  actually occur. Polymorph I I I  is believed to 
be a mixture  of po lymorph  I I  and IV (8,9), with poly- 
morph VI only a phase differing in composition (8,10). Dif- 
ferential scanning calor imetry (DSC) has been used to 
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s tudy  polymorphic t ransi t ions of cocoa bu t te r  not only 
because it can measure  changes in enthalpy during 
crystal l ization and melting, but  also because it can 
monitor the tempering process. This is important  because 
slight differences in temper ing  procedures, such as cool- 
ing rates, can effect the melting point of certain cocoa but- 
ter polymorphs  due to a phase  separat ion (8). 

Hardness  of cocoa bu t te r  is directly related to its 
mel t ing properties.  Cocoa bu t te r  hardness  has been 
directly measured using a penet rometer  (11). Indirect  
hardness determinat ion can be performed using dilatom- 
etry, nuclear magnet ic  resonance (NMR), and DSC. 
Results  are expressed as solid fat  index (SFI) for the 
d i la tometry  and as solid fat  content  (SFC) for the NMR 
and DSC (12). Since hardness  is an impor tan t  character- 
istic for the final chocolate product  in which the bu t te r  
exists  in polymorph V, cocoa bu t te r  has to be tempered 
to obtain this po lymorph  prior to the hardness  test.  The 
tempering process takes about 30 hr at 20-25~ (13), and 
takes  for up to a month  at 15~ {14). Therefore, it would 
be beneficial if other characteris t ics  related to hardness  
could be determined without the t ime consuming temper- 
ing step. 

In this study, cocoa bu t te r s  f rom various origins were 
analyzed for triacylglycerol composition using HPLC, and 
hardness  using pene t romet ry  and a rapid DSC method. 

EXPERIMENTAL 

Sample preparation. Cocoa bu t te r s  f rom different geo- 
graphic regions used in this s tudy  were obtained by two 
methods--commercial ly  pressed from roasted beans (n -- 
24), and laboratory extracted from unroas ted beans (n -- 
39). The solvent ex t rac ted  samples  were obtained by  
refluxing the ground cocoa nibs with certified grade hex- 
ane for 20 hr. Nibs were obtained by deshelling the 
fermented and dried cocoa beans by  hand. Hexane  was 
removed using a rotary  evaporator  followed by a nitrogen 
s t r eam to evapora te  the solvent residue. I t  is necessary 
to ensure tha t  the characteris t ic  var ia t ions  tha t  were 
observed were due to regional differences and not to treat- 
ment  differences. 

To s tudy  the effect of extract ion t rea tment ,  roasted 
(150~ rain) and unroas ted  cocoa bean samples  from 
eight different origin countries were pressed and solvent 
extracted to obtain cocoa butter.  Pressing was performed 
using a laboratory scale-hydraulic press at 60 ~ C. Further  
analyses, including triacylglycerol composition and hard- 
ness of cocoa but te r  obtained from different extract ion 
methods  were conducted using the methods  described 
below. 

Refractive index (IUPAC 2.102). The nD 4~ of commer- 
cial cocoa but te rs  were read on an Abb5 Refrac tometer  
115). 

Free fatty acid (IUPAC 2.201). Cocoa bu t te r  was 
weighed (10 - 0.05 g) and t i t ra ted  with s tandard  0.1 N 
ethanolic KOH (15). 
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Iodine value (IUPAC 2.205). Iodine value was deter- 
mined on 0.8 _ 0.001 g of commercial  cocoa bu t te r  by  
the Hanus  method (15). 

Saponification value (IUPAC 2.202). Saponification 
value was determined on 2 _ 0.005 g of sample by  reflux- 
ing the sample with 0.5 N ethanolic K O H  and t i t ra t ing  
with the s tandard  0.5 N HC1 (15). 

Triacylglycerol composition. Triacylglycerols of cocoa 
bu t te r s  were evaluated according to the method pre- 
viously described (16). Analyses  were conducted with a 
H P L C  pump  and differential re f rac tometer  (Waters 
Assoc., Milford, MA, Model 401). The mobile phase, ace- 
tonitri le-chloroform 6:4 iv/v), was pumped  at 0.7 ml/min 
through an Adsorbosphere  C-18, 5 ~m reverse phase  col- 
umn  (Alltech Assoc., Deerfield, IL). A 10% (w/v) cocoa 
bu t t e r  solution in chloroform was prepared for analysis.  
S tandard  SO0,  POP, POS, and SOS (Supelco, Inc., 
Bellefonte, PA) were used for qualitative and quanti tat ive 
purposes.  Other  tr iacylglycerols were identified by  their 
re tent ion volumes and comparison of chromatographic  
da ta  with previous studies (4,17). 

Differential scanning calorimetry (DSC). Five grams of 
labora tory  solvent ex t rac ted  samples  and 30 g of com- 
mercial cocoa bu t te r s  were melted at 60~ Molten 
samples were mixed and 2-3 mg  of the but te r  were trans- 
ferred to DSC aluminum pans using a micropipet.  The 
samples  were tempered  on the DSC-4 (Perkin Elmer  Co., 
Norwalk, CT) head using a programmed temper cycle. The 
cycle consisted of melt ing the sample at 60~ for 2 min, 
quenching to 0~ and holding at this t empera tu re  for 2 
min. Analysis was conducted immediately by heating the 
sample f rom 0~ to 50~ at  the ra te  of 20~ The 
temper ing  step caused cocoa bu t te r s  to crystallize in 
po lymorph  I and II .  The area under the po lymorph  I I  
endotherm was measured  using a par t ia l  area program.  

Penetrometry. The commercially pressed cocoa but ters  
were completely melted at 60~ and dynamically crystal- 
lized using a magnetic stirrer at room temperature.  After  
the slurry was formed, cocoa bu t t e r s  were poured into 
7.5 • 7.5 • 2 cm 3 molds. The samples  were then im- 
mediately cooled to 4-6 ~ for I hr before the tempera ture  
was a l ternated between 27~ and 31~ every 24 hr for 
a week, and then mainta ined at 31~ for another  week. 
The tempered  samples  were tes ted  for hardness  using a 
Precision penet rometer  (GCA Co., Chicago, IL) with a 
Precision 35 g-aluminum cone. The weight applied to the 
sample surface was 320 g for 12 sec at  room tempera ture  
(25~ The penetra t ion depth  was compared with the 
DSC data. 

RESULTS AND DISCUSSION 

Refractive index and chemical characteristics. Commer- 
cially pressed cocoa bu t te r s  were analyzed for refract ive 
index, percent  free f a t ty  acid (FFA), iodine value and 
saponification value. The resul ts  are shown in Table 1. 
There was little difference in refract ive indexes among 
the commercial  samples. The values ranged f rom a low 
of 1.4572 for the Panamanian  sample to a high of 1.4580 
for the Costa  Rican but ter .  Average  percent  F F A  of the 
commercial  samples from different countries varied from 
0.42% for the Mexican but te r  to 3.11% for the Peruvian 
sample. Most  of the values of individual samples were less 
than  1.75%, which is the m a x i m u m  value recommended 
by The Codex Alimentar ius  Commission of FAO/WHO.  
Only three individual samples f rom Ecuador,  Malaysia  
and Peru had percent FFA above the limit, i.e., 1.94, 2.02, 
and 3.11%, respectively.  High F F A  can be caused by  
hydrolysis by lipase from mold contaminat ion and an ex- 
tended fermenta t ion (5). The Mexican cocoa bu t te r  had 

TABLE 1 

Refractive Indexes  (nD40) and Chemical Characteristics of Commercially Pressed Cocoa Butters 
from Different Origin Countries 

Number Refractive Free fatty acid Iodine Saponification 
Country of samples index (riD40 } {% oleic acid) value value 

Bolivia 1 1.4576 0.84 36.02 195.43 

Brazil 4 1.4578 a 0.91 a 37.46 a 195.07 a 
"+0.0002 "+0.05 "+1.31 "+1.47 

Colombia 2 1.4579 1.07 36.56 195.75 
_+0.0001 -+0.29 +2.20 -+0.04 

Ecuador 2 1.4579 1.42 36.68 195.85 
_+0.0001 -+0.73 -+0.04 "+0.45 

Peru 1 1.4577 3.11 37.94 195.92 
Costa Rica 1 1.4580 0.72 36.64 195.27 
Dominican Republic 2 1.4578 0.88 36.72 194.92 

"+0.0001 "+0.01 "+0.07 "+0.32 
Mexico 1 1.4576 0.42 35.79 193.72 
Panama 1 1.4572 1.07 36.86 196.71 
Ivory Coast 5 1.4577 1.36 35.54 193.58 

"+0.0004 "+0.18 "+1.15 +1.16 
Nigeria 1 1.4579 1.21 37.33 193.62 
Malaysia 3 1.4579 1.44 34.74 194.36 

�9 +0.0005 "+0.42 "+0.34 "+0.12 

aMean _+ S.D. where more than one sample available. 
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0.42% FFA which was significantly lower than other 
samples and could be a result of under fermentation. 

Iodine value is useful in determining degree of hardness, 
since high iodine values indicate high content of un- 
saturated fatty acid components which contribute to the 
softness in cocoa butter. Iodine values of individual com- 
mercial samples varied from 34.40 to 38.65. Cocoa but- 
ters from Peru, Brazil, and Nigeria had significantly 
higher iodine values, i.e., 37.94, 37.46, and 37.33, respec- 
tively. Hence, these latter samples had a tendency to be 
softer than the others. Malaysian cocoa butter, on the 
other hand, had the lowest iodine value of 34.74. Cocoa 
butters from Ivory Coast, Mexico, and Bolivia were also 
low in iodine value. 

Individual samples had saponification values ranging 
from 192.47 to 197.09. Cocoa butter from Panama had 
a significantly higher saponification value (196.71) than 
the others, whereas those from Ivory Coast, Mexico, 
Malaysia, and Nigeria had significantly lower values, i.e., 
193.58, 193.72, 194.36 and 193.62, respectively. 

Triacylglycerol composition. Both commercially 
pressed cocoa butters and laboratory solvent extracted 
bean samples were analyzed for their triacylglycerols. 
Nine triacylglycerols, namely, PLiP, POO, PLiS, POP, 
SO0, SLiS, POS, SOS, and SOA (P = palmitic acid, Li = 
linoleic acid, A -- arachidic acid) were quantified (Fig. 1). 
The chromatogram shows trace amounts of PLiO, 
OOA + PPS, and PSS. Triacylglycerol compositions of 
cocoa butters from different countries are listed in 
Table 2. The major triacylglycerols, POP, POS, and SOS, 
ranged between 17.5-22.6%, 35.8-41.4%, and 22.8- 
31.3%, respectively. The amounts of PO0, SO0, and SLiS 

o~- 
t~ 

ca ca 

FIG.  1. HPLC chromatogram of cocoa  but t er  triacylglycerols. 

varied among the samples from different countries, 
whereas PLiP, PLiS, and SOA were constant. 

Cocoa butter with a high concentration of diunsatu- 
rated triacylglycerols have been shown to be soft {6). Dou- 
ble bonds in the fatty acids in the Sn-3 position of diun- 
saturated triacylglycerols cause extra kinking in the 
structures that interrupt molecular packing of the major 
components, monounsaturated triacylglycerols (18). In 
this experiment, Bahian cocoa butters, which are known 
for their softness (2,3,6), contained an average of 15% 
POO and SO0 combined. Other soft cocoa butters which 
contained high POO + SOO (>8%) were from Brazil, 
Peru, Dominican Republic, Cameroon and Gabon. Hard 
butters with less than 5.2% POO + SO0 were from 
Venezuela, Indonesia, Malaysia and Solomon Islands. It 
should be noted that cocoa butters which were low in 
POO + SO0 were concomitantly high in POS and SOS, 
especially cocoa butters from Malaysia and Solomon 
Islands. 

Hardness. Cocoa butter hardness has been determined 
by means of solid fat content (SFC) using nuclear mag- 
netic resonance (NMR) and differential scanning calo- 
rimetry {D SC) (12). In this experiment, cocoa butter hard- 
ness was determined by a mechanical method using a 
penetrometer on tempered samples, and the SFC was 
determined by DSC. The results indicate that there was 
low correlation (r -- 0.62) between SFC at 20~ of the 
tempered sample and the penetration data. A similar 
study was also performed on quenched cocoa butters. In 
the quenching procedure, cocoa butters were melted at 
60~ and then rapidly cooled to 0~ on the DSC head. 
This rapid cooling resulted in crystallization of cocoa but- 
ter in polymorph I. Holding a quenched cocoa butter at 
0~ for 2 min allows polymorphic transition of the frac- 
tion from form I to form II. The DSC thermograms {Fig. 
2) show that hard butters had higher percentage area 
under the polymorph II endotherm than those of the soft 
butters. This was supported by a correlation (r = 0.74) 
between the percentage area of polymorph I I endotherm 
of the quenched samples and the penetration data of the 
tempered samples (Fig. 3). The correlation indicated that 
the hard cocoa butters had a faster transformation rate 
from polymorph I to polymorph II. Evaluation of hard- 
ness using rapid quenching of the cocoa butter on the 
DSC head permitted short tempering time, small sample 
size, and better correlation with the mechanical hardness 
than SFC at 20~ This method would be useful in 
evaluating hardness of cocoa butters due to its rapidity, 
and where small amounts of samples are available. 

Table 2 shows the average percent area under the poly- 
morph II endotherms of cocoa butters from different 
countries. The higher percent area under the polymorph 
II endotherm represents the harder cocoa butter. Data 
suggest that cocoa butters from Bolivia, Solomon Islands 
and Malaysia, which had percent areas under polymorph 
II endotherm of 44.91, 42.93, and 36.02%, respectively, 
were significantly harder than the others. Cocoa butters 
from Venezuela and Mexico with the values of 32.15% 
and 32.12% were also considerably harder. Brazilian, 
Costa Rican, Nigerian, and Gabonese cocoa butters had 
low percent areas, i.e., 22.13, 21.89, 21.71, and 16.60%, 
respectively. These samples were softer. Hardness of 
cocoa butters from Ecuador, Dominican Republic, Cam- 
eroon, Peru, and Guatemala was intermediate with the 
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FIG. 2. DSC the rmograms  of hard cocoa but ter  (a) and soft  cocoa but ter  (b) tempered 
on the DSC head and scanned from 0 to 50~ at 20~ Polymorph I and II show 
peak maxima  at  17~ and 21~ respectively. 
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FIG. 3. Relationship between penetrat ion depth and percent area under the polymorph 
II endotherm. 

TABLE 2 

Triacylglycerol Composit ions of Cocoa But te rs  from Different Origin Countries 

Cocoa but ter  

Number  Triacylglycerol (%t 

of samples PLiP PO0  PLiS POP SO0 SLiS POS SOS SOA 

Percent area 
of the polymorph 

II endotherm 

Bolivia 1 1.1 3.3 3.5 22.6 4.0 2.1 40.4 22.8 0.5 
Brazil 6 0.9 3.9 3.7 17.9 6.7 3.2 37.1 26.0 0,04 
Colombia 2 1.1 3.3 3.6 20.4 4.4 2.3 39.4 25.0 0.6 
Ecuador 3 1.2 3.0 3.2 19.2 5.4 2.3 38.4 26.9 0.4 
Peru 1 1.5 4.3 3.9 18.3 7.4 3.7 35.8 24.6 0.4 
Venezuela 1 0.9 1.0 3.1 20.4 2.8 1.9 40.4 28.8 0.8 
Costa Rica 1 1.0 2.6 3.5 17.8 5.5 3.0 38.7 27.4 0.4 
Dominican Republic 4 1.1 3.3 3.2 18.4 6.1 2.7 38.2 26.5 0.6 
Guatemala  1 1.0 2.3 3.4 19.3 4.9 2.2 39.0 27.5 0.4 
Mexico 1 1.1 2.4 3.5 19.1 4.1 3.0 38.8 27.8 0.6 
Panama  1 1.0 1.5 3.0 19.1 3.1 2.7 41.4 27.3 0.8 
Cameroon 2 1.0 3.0 3.4 17.9 5.8 2.5 38.3 27.7 0.5 
Gabon 1 0.9 3.7 3.5 17.5 7.3 3.0 37.1 26.5 0.4 
Ghana  3 1.2 2.2 3.4 17.8 4.9 2.2 39.0 27.5 0.4 
Ivory Coast 9 1.0 1.9 3.0 19.0 3.9 2.5 39.6 28.5 0.6 
Nigeria 2 1.0 2.3 3.6 17.9 5.2 3.0 38.8 27.8 0.5 
Indonesia 2 1.1 1.6 3.0 19.9 3.6 1.7 40.6 28.1 0.5 
Malaysia 20 0.7 1.2 2.8 18.4 2.9 2.2 40.0 31.1 0.8 
Solomon Islands 1 1.0 0.9 3.0 19.3 2.8 2.0 40.7 29.5 0.7 

44.94 
22.13 _+ 8.88 a 
28.93 _ 7.83 
26.14 _ 0.64 

23.48 
32.15 
21.89 

24.99 _+ 4.36 
23.46 
32.12 
30.41 

24.32 _+ 1.00 
16.60 

30.29 _+ 9.29 
31.79 +_ 7.83 
21.71 +_ 5.35 

28.38 _+ 12.23 
36.02 + 5.34 

42.93 

aMean _ S.D. between samples of the same country. 
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p e r c e n t  a r eas  unde r  the  p o l y m o r p h  I I  e n d o t h e r m  rang-  
ing  f rom 23.46-26.14%. However ,  the re  was  a wide var ia-  
t ion  a m o n g  s a m p l e s  f rom the  s ame  coun t ry ,  e spec ia l ly  
those  f rom Brazil ,  Colombia,  Ghana ,  I v o r y  Coast ,  and  In- 
donesia .  The  v a r i a t i o n  of h a r d n e s s  wi th in  the  s ame  coun- 
t r y  could be caused  b y  the  d i f ferent  a m b i e n t  t e m p e r a t u r e  
in the  p r o d u c t i o n  a rea  and  the  d i f fe ren t  va r i e t i e s  of cacao  
t rees .  The  o the r  pos s ib l e  causes  of v a r i a t i o n  could  be  t he  
d i f ference  in degree  of m o l d i n e s s  which  m a y  affect  t he  
free f a t t y  acid and  d iacy lg lycero l  con ten t  of cocoa bu t te r .  

Effect of extraction method. B o t h  r o a s t e d  and  
un roas t ed  beans  of e ight  different  samples  were sub jec ted  
to  p r e s s i n g  a n d  so lven t  ex t r ac t i on .  T r i a c y l g l y c e r o l  com- 
pos i t ions  and  ha rdness  of cocoa bu t t e r s  ob ta ined  f rom dif- 
fe ren t  t r e a t m e n t s  a re  shown in Tab le  3. The  r e s u l t s  in- 
d i ca t e  t h a t  t h e r e  were  l i t t l e  d i f ferences  in t r i a c y l g l y c e r o l  
c o m p o s i t i o n s  a m o n g  t r e a t m e n t s .  The  h y d r a u l i c a l l y  
p r e s s e d  cocoa b u t t e r s  f rom u n r o a s t e d  beans  were  signifi-  
c a n t l y  h igher  in POS and  SOS when  c o m p a r e d  to  the  sol- 
v e n t  e x t r a c t e d  b u t t e r s  f rom r o a s t e d  beans .  Concomi-  
t a n t l y  w i th  h ighe r  P O S  and  SOS con ten t ,  the  p r e s s e d  
cocoa b u t t e r  f rom u n r o a s t e d  beans  were lower in POO and 
S O 0 ,  a l t h o u g h  no t  s ign i f i can t ly .  The  d a t a  also conf i rm 
t h a t  p r e s sed  cocoa b u t t e r  f rom r o a s t e d  beans  and so lven t  
e x t r a c t e d  b u t t e r s  f rom u n r o a s t e d  beans  had  no ma jo r  dif- 
ferences in t r i acy lg lycero l  compos i t ion  in th is  s tudy .  Only  
0.1% di f ference  in P L i P  c o n t e n t  was  obse rved .  In  addi-  
t ion,  t r e a t m e n t s  such  as  r o a s t i n g  and  so lven t  e x t r a c t i o n  
showed no effect  on ha rdnes s  e v a l u a t e d  b y  the  r a p i d  DSC 
m e thod .  

Regional differences. Cocoa b u t t e r s  f rom the  s ame  
reg ion  were  s imi la r  in c h a r a c t e r i s t i c s .  The  r e s u l t s  f rom 
Tab le  4 showed  t h a t  r e f r a c t i ve  indexes  were  c o n s t a n t  
a m o n g  cocoa b u t t e r s  f rom d i f fe ren t  reg ions .  S o u t h  
Amer i can ,  Afr ican ,  and  A s i a n  cocoa b u t t e r s  were  s imi la r  
in the i r  F F A  c o n t e n t s  which  were  1.25, 1.27, and  1.44, 
r e spec t ive ly .  On the  o the r  hand,  N o r t h  and  Cen t r a l  
A m e r i c a n  cocoa b u t t e r s  were  s i gn i f i c an t l y  low in F F A  
(P<0.05) wi th  an a ve ra ge  of 0.79%. In  th i s  case,  F F A  
could  be low due to  the  fac t  t h a t  Cen t ra l  A m e r i c a n  
cocoa beans  had  lower  degree  of f e r m e n t a t i o n  t h a n  the  
b e a n s  f rom o the r  r eg ions  (19). 

Cocoa  b u t t e r s  f rom S o u t h  A m e r i c a  also showed  the  
h i g h e s t  iodine  va lue  (37.03) which  was  the  r e su l t  of the i r  
h i g h e s t  d i u n s a t u r a t e d  t r i a c y l g l y c e r o l  c o n t e n t  (Table  5). 
Cocoa  b u t t e r s  f rom A s i a  and  Ocean ia  h a d  s i gn i f i c an t l y  
lower  iodine  va lues  due  to  t he i r  low d i u n s a t u r a t e d  
t r i a c y l g l y c e r o l  con ten t .  Tab le  5 shows  t r i a c y l g l y c e r o l  
c o m p o s i t i o n  of cocoa  b u t t e r s  f rom each  region.  S o u t h  
A m e r i c a n  cocoa  b u t t e r s  had  the  h i g h e s t  POO and  S O 0  
c o n t e n t  (9.1% combined) .  T h e y  were  c o n c o m i t a n t l y  the  
lowes t  in POS,  SOS and  SOA.  In  c o n t r a s t ,  cocoa  b u t t e r s  
f rom A s i a  and Oceania  had  the  lowes t  POO and  S O 0  con- 
t e n t  (4.1% combined) ,  b u t  had  the  h i g h e s t  a m o u n t  of 
POS,  SOS and  SOA.  

Tab le  5 shows  the  pe r c e n t  a r ea s  of t he  p o l y m o r p h  I I  
endo the rm ob ta ined  f rom DSC t h e r m o g r a m s  of cocoa but-  
t e r s  f rom d i f fe ren t  reg ions .  The  s i gn i f i c an t l y  h ighe r  a r ea  
of the  p o l y m o r p h  I I endo the rm of cocoa b u t t e r s  f rom A s i a  
and  Ocean ia  impl ies  t h a t  cocoa b u t t e r s  f rom th i s  r eg ion  

TABLE 3 

Triacylglycerol Composition and Percent Area Under the Polymorph II  Endotherm of Cocoa Butters Obtained from Roasted 
and Unroasted Beans Using Hydraulic Press and Solvent Extraction Methods 

Triacylglycerol (%) 

Treatment PLiP POO PLiS POP SO0 SLiS POS SOS SOA 

Percent area 
of the polymorph 

II endotherm 

Unroasted 
Pressed 1.0A a 1.9A 2.3A 17.9A 3.4A 2.3AB 41.5A 29.4A 0.6A 29.89A 
Solvent extracted 1.1B 2.6A 3.4B 18.5A 4.3A 2.4AB 39.4AB 27.6B 0.6A 29.85A 

Roasted 
Pressed 1.0A 2.4A 3.3B 18.1A 4.7A 2.1B 40.lAB 27.5B 0.6A 28.25A 
Solvent extracted 1.1B 2.5A 3.5B 18.7A 4.9A 2.6A 38.9B 27.3B 0.6A 28.11A 

aMeans of eight samples followed by different capital letters are significantly different in the same column (P < 0.05). 

TABLE 4 

Refractive Indexes (riD 40) and Chemical Characteristics of Commercial Cocoa Butters Classified by Region 

Free fatty acid a 
Region Number of samples Refractive index a (% oleic acid) Iodine value a Saponification value a 

South America 10 1.4578 A 1.26 A 37.03 A 195.48 A 
• 0.0002 +_ 0.71 • 1.16 • 0.97 

North and Central America 5 1.4577 A 0.79 B 36.54 AB 195.11 AB 
• 0.0003 • 0.23 • 0.62 • 1.12 

Africa 6 1.4578 A 1.27 A 35.84 BC 193.59 C 
• 0.0004 • 0.30 • 1.59 • 1.15 

Asia and Oceania 3 1.4579 A 1.44 A 34.74 C 194.36 BC 
• 0.0004 • 0.38 • 0.32 • 0.58 

aMean +_ S.D. followed by different capital letters are significantly different in the same column (P > 0.05). 
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TABLE 5 

Triacylglycerol Composition and Percent area of the Polymorph II endotherm of Cocoa Butters Classified by Region 

Number Triacylglycerol (%)a 

Region of samples PLiP POO PLiS POP SO0 SLiS POS SOS SOA 

Percent area 
of the polymorph 

II endotherm 

South America 15 1.1A a 3.4A 3 . 5 A  19 .0A 5.7A 2.8A 3 8 . 0 A  26 .0A 0.5A 
North and Central 

America 8 1.0A 2 .7B 3.3AB 18.6A 5.3AB 2.7A 38.9B 26 .9A 0.6AB 
Africa 17 1.0A 2 .2C 3 . 2 B  18 .4A 4.7B 2.5A 39.1B 28 .2B 0.6B 
Asia 24 0.8B 1 .2D 2 . 9 C  18 .6A 2 . 9 C  2 . 2 A B  40 .0C 30.8C 0.8C 

24.40 • 8.46A 

25.98 • 4.35A 
28.51 • 8.03A 
35.65 • 6.60B 

aMean within the same region followed by different capital letters are significantly different in the same column (P < 0.05}. 

were harder than those of the other regions. There was 
no significant difference in areas of the polymorph I I  en- 
dotherm of the samples from South America, North and 
Central America or Africa. This was the result of wide 
variations among samples from the same regions. 

Overall, cocoa butters  from South America had char- 
acteristics and compositions close to those of the North 
and Central American butters  except for higher percent 
FFA, POO, and lower POS content. They were signifi- 
cantly different from Asian and African cocoa butters  in 
saponification value, iodine value, hardness and triacyl- 
glycerol composition. African samples had compositions 
similar to the North and Central American cocoa butters, 
except for higher SOS and lower POO concentrations. 

Generally, hard cocoa butter  originates from beans 
grown in the Far Eas t  and Oceania. This characteristic 
is fairly consistent due to the uniform climate. In this 
region, rainfall is evenly distributed and temperature is 
consistent throughout the year. More important, monthly 
mean maximum temperatures remain high at 30-33 ~ 
whereas monthly mean minimum temperatures seldom 
fall below 20~ (20}. I t  has been reported that  cocoa pods 
developed at high temperatures contain less unsaturated 
fa t ty  acids than those grown at lower temperatures (6t. 
As a result, there is less diunsaturated triacylglycerols 
to interrupt the molecular packing of the monounsatu- 
rated types. Cocoa butters  from South America, espe- 
cially those from Bahia, Brazil, were softer. In Bahia, 
average minimum temperatures usually fall into the teens 
during June through September. Other countries in South 
America, e.g., Colombia, Ecuador, and Peru also have a 
period where temperatures are in the teens during the 
night (21). Temperatures are low enough to promote a 
high unsatura ted  fa t ty  acids content and cause softness 
in cocoa butters from this region. Hardness of cocoa but- 
ters from Africa is intermediate. Average minimum 
temperatures in West  Africa are fairly constant  at 
20-22~ but the average maximum can fall to 27-29~ 
during the wet season (20}. In South America and West  
Africa, cacao trees are cultivated in more expanded areas 
and different altitudes resulting in large temperature 
variations. Hence, greater variations in cocoa butter hard- 
ness may be expected. Although it seems that  cocoa but- 
ter hardness is affected by climate, different cacao 
varieties may also result in different cocoa but ter  hard- 
ness (7}. There are many hybrid varieties tha t  are 
developed to suit local growing conditions. However, 

there are no conclusive hardness characteristics of cocoa 
butters  from different subspecies or varieties. 

In this study, a rapid method using DSC to evaluate 
cocoa but ter  hardness was used. This method provided 
a better correlation with the mechanical hardness than 
the SFC at 20~ required only 2-3 mg sample and could 
be conducted in less than 10 min; hence, it is useful where 
an estimate of hardness is needed. 
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