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In troduct ion  

F r o m  a w o r l d  p r o d u c t i o n  of over  a mi l l ion  tons  of cocoa  beans ,  m o r e  
than  100,000 tons  are of cocoa  shel l  p r o d u c e d  annua l ly  (1). These  a m o u n t s  
are r e m o v e d  f rom the  b e a n s  in  t he  choco la te  factories .  Usua l ly  cocoa  
beans  are roas t ed  at  h igh  t e m p e r a t u r e  for  a long pe r iod  to r emove  the  shel l  
and  germ,  whi le  the  c o t y l e d o n s  are  u s e d  for  choco la t e  p roduc t ion .  Cocoa 
shell  is r e g a r d e d  by  m a n y  inves t iga to r s  as the  only  i m p o r t a n t  b y - p r o d u c t  
of the  cocoa.  A t  p r e s e n t  m u c h  of i t  is d u m p e d .  Pa r t i c u l a r  in te res t  has  been  
given n o w a d a y s  to  the  poss ib l e  u t i l iza t ion  of th is  by-p roduc t .  Unfor tu-  
nately ,  cocoa  shel l  has  the  d i s a d v a n t a g e  of con t a in ing  a cons ide rab l e  
a m o u n t  of t h e o b r o m i n e ,  w h i c h  l imi t s  i ts  use  for  f eed ing  p u r p o s e s  (1). 

In  the  p r e s e n t  w o r k  the  c o m p o s i t i o n  of bo th  the  cocoa  b u t t e r  and  shel l  
fat ob t a ined  f rom the  s ame  s a m p l e  of cocoa  was of interest .  The s t u d y  
idvo lved  the  p h y s i c a l  and  c h e m i c a l  cons t an t s  of shel l  fat  and  cocoa  but ter .  
To ob ta in  more  i n f o r m a t i o n  on the  re la t ion  b e t w e e n  the  shel l  fat  and  the  
cocoa but te r ,  a s t u d y  was  ca r r i ed  ou t  on the i r  c o m p o s i t i o n  of the  fa t ty  
acids  and  the  u n s a p o n i f i a b l e  mat ter ,  u s ing  GLC. The  s tab i l i ty  of cocoa  
bu t t e r  and  shel l  fat  was  m e a s u r e d  as t hey  m i g h t  be  a f fec ted  by  hea t  
t r e a t m e n t  du r ing  roas t ing .  The  l ip id  c lasses  and  p h o s p h o l i p i d  con ten t  of 
cocoa shel l  fat  and  cocoa  b u t t e r  we re  e x t e n d e d  in th is  inves t iga t ion .  
Moreover ,  the  chemica l  ana lys i s  of cocoa  shel l  was s tud ied .  

Materia ls  and m e t h o d s  
Materials 

Samples of cocoa butter and cocoa shell from the same cocoa beans were 
obtained from the Egyptan Company for Foods (Bisco-Masr) Chocolate Factory, at 
Alexandria, Egypt. The shell fat was extracted by soaking cocoa shell in purified 
hexane (B.P. 65 ~ for 48 hours, and this treatment was repeated three times for the 
same sample. The shell fat was obtained after evaporating the solvent by rotary 
evaporator under reduced pressure at 60 ~ in the presence of nitrogen atmosphere. 

Methods  

Cocoa shell was subjected for the determination of moisture, fat, ash, and 
fiber (2). The determination of the protein was carried out by the micro-Kjeldahl 
method (3). 
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The shell fat and cocoa but ter  were subjected for the  determinat ion of physical  
and chemical  constants  (2) with except ion for specific gravity and acid value (4). 
The total  phosphol ip ids  were de termined and calculated as cephalin (5). The 
stabili ty of shell fat and cocoa but ter  was measured  by  oxygen consumpt ion  during 
oxidat ion using Gal lenkamp Warburg manometr ic  apparatus  (6). Lipid classes of 
the  two samples  were  separa ted  and identif ied by  TLC method  (7), while the  fatty 
acids were de termined quanti tat ively as methyl  esters by GLC method (8). The 
unsaponif iable mat ter  was identified,  and the sterol content  was de te rmined  quan- 
t i tat ively by GLC method (9). 

Resul t s  and d i scuss ion  

Genera l  ana lys i s  o f  cocoa she l l  

T h e  p r e h m i n a r y  a n a l y s i s  of  c o c o a  s h e l l  s h o w e d  t h a t  i t  c o n t a i n e d  m o i s -  
t u r e  4.79%, p r o t e i n  14.13%, fa t  5.54%, a s h  5.49%, a n d  f i b e r  19.42%. T h e s e  
r e s u l t s  a r e  in  g o o d  a g r e e m e n t  w i t h  m a n y  i n v e s t i g a t o r s  (1, 10, 11, 12, 13). 
T h e  h i g h e r  v a l u e  of fa t  in  t h e  p r e s e n t  s t u d y  t h a n  t h a t  of K n a p p  a n d  
C h u r c h m a n  (10) a n d  G r e e n w o o d - B a r t o n  (1) is  p a r t l y  d u e  to  c o c o a  b u t t e r  
a c q u i r e d  f r o m  t h e  c o t y l e d o n s  a n d  a d h e r e s  to  t h e  s h e l l  a t  t h e  t i m e  of  i t s  
s e p a r a t i o n  d u r i n g  r o a s t i n g  t h e  c o c o a  b e a n s .  A c o n s i d e r a b l e  a m o u n t  of  
p r o t e i n  in  t h e  she l l  w a s  f o u n d .  U n f o r t u n a t e l y  i t  is  k n o w n  t h a t  90 % of  t h e  
a l p h a  a m i n o  n i t r o g e n  in  t h e  e x t r a c t e d  s h e l l  is  s t r o n g l y  b o u n d  to  o x i d i s e d  
p o l y p h e n o l s  f o u n d  in  t h e  she l l ,  w h i c h  a r e  c o n v e r t e d  in to  p o l y p h e n o q u i n o -  
nes .  T h e  l a t t e r  c o m p o u n d s  a r e  c o m b i n e d  w i t h  p r o t e i n - N H 2  f o r m i n g  cova -  
l e n t  b o n d s  w i t h  t h e  e l i m i n a t i o n  of wa te r .  I t  fo l lows ,  t h e r e f o r e ,  t h a t  o n l y  
a b o u t  1 %  of  t h e  p r o t e i n  in  t h e  c o c o a  s h e l l  e x i s t s  in  t h e  f r ee  c o n d i t i o n .  T h e  
p o s s i b i l i t y  of  e x t r a c t i n g  a p r o t e i n  c o n c e n t r a t e  a s  a f o o d  s u p l e m e n t  is, 
t h e r e f o r e ,  c o n s i d e r e d  m o s t  u n l i k e l y  (1). C o c o a  s h e l l  is  a c c e p t a b l e ,  h o w e -  
ver ,  to  r u m i n a n t s  w h e n  s m a l l  q u a n t i t i e s  of  i t  a r e  fed,  b u t  i t  is  m o r e  
d a n g e r o u s  to  p o u l t r y  fo r  w h i c h  d e a t h s  h a v e  b e e n  r e p o r t e d .  T h e  v a l u e  of  
c o c o a  she l l  as  a f e e d  for  c o w s  v a r i e s  c o n s i d e r a b l y .  O n e  k i l o g r a m  p e r  c o w  
p e r  d a y  i n c r e a s e d  p e r c e n t a g e  fa t  of  t h e  m i l k .  T h e o b r o m i n e  c a u s e d  a 
d e f i n i t e  i n c r e a s e  in  t o t a l  p r o t e i n  a n d  case in ,  a s l i gh t  i n c r e a s e  in  ash ,  a n d  
d e c r e a s e  in  l a c t o s e  p e r c e n t a g e  (14) in  c o w  m i l k .  

S o m e  p h y s i c a l  a n d  c h e m i c a l  c o n s t a n t s  o f  cocoa b u t t e r  a n d  she l l  fa t  

T h e  p h y s i c a l  a n d  c h e m i c a l  c o n s t a n t s  of  b o t h  c o c o a  b u t t e r  a n d  s h e l l  fa t  
a r e  g i v e n  in  t a b l e  1. 

Table 1. Some physical  and chemical  constants  of cocoa but ter  and shell  fat. 

Constant  Cocoa butter  Shell  fat 

Physical  constants:  
Specific gravity at  40 ~ 0.9012 0.9034 
Melting point  ~ 34.10 31.00 

Chemical  constants:  
Acid value (as oleic %) 1.680 9.123 
Saponif icat ion value 191.214 205.708 
Iodine value 35.575 38.727 
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The specific gravity of cocoa  but ter  and shell fat are 0.9012 and 0.9034 at 
40 ~ respectively.  The data of cocoa but te r  agreed wi th  that  found  by  
Atawia (15) (0.9011 at 40 ~ The mel t ing point  of cocoa but te r  is 34.1 ~ 
while it is 31.00 ~ for shell fat. These  results indicate that  shell fat contains  
higher  contents  of short-chain and unsa tura ted  fatty acids compared  with 
cocoa butter.  The mel t ing point  of cocoa but ter  agreed with that  found  by  
Pearson  (13) and Atawia (15) (31-34 ~ and  34.2 ~ respectively). The acid 
value of cocoa but ter  is 1.68. Similar observat ions were obtained by m a n y  
investigators (13, 15, 16, 17) (1.1-2.8, 1.24, 1-4 and 1.3-1.88, respectively). 
The high acid value of shell fa t  (9.12), m ay  be due to hydrolysis,  occurred  
by  heat ing the beans  dur ing  roasting, and it m u s t  be neutralized before  
using for edible purposes .  

The saponif icat ion value of shell fat is h igher  than  that  of cocoa but ter  
(table 1). This indicates that  shell contains  higher  contents  of short-chain 
fatty acids compared  with cocoa  butter.  The saponification value of cocoa 
but ter  is in good agreement  with those repor ted  by  other  investigators (13, 
16, 17) (188-195, 192.5-196.7 and 190-200, respectively). 

The iodine value of cocoa but ter  is lower  than  that  of shell fat (table 1). 
This indicates that  shell fat contains  unsa tura ted  fat ty acids more  than 
cocoa butter.  The iodine value of cocoa but ter  agreed with the findings of 
Pie t rzyk and Warzecha (16), Vasconcelos  et al. (17) and Pearson  (13) 
(32.15-37.61, 32-42 and 35-40, respectively). 

P h o s p h o l i p l d  c o n t e n t  

Phosphol ip id  contents  were  de te rmined  quantitatively,  the results 
indicate tha t  the a m o u n t  of phosphol ip ids  (as cephalin) of cocoa but ter  
was lower  than  that  of shell fat (0.257 % and 1.35 %, respectively). Pho-  
spholipid conten t  of cocoa but te r  is in good agreement  with that  of 
Parsons  and Keeny  (18), and  Biino and Clabot (19) who  repor ted  that  they  
are 0.05-0.57 %, and 0.29-0.55 %, respectively.  Phosphol ip id  amoun t  and 
type affect lipid autoxidat ion.  Farag (20) found  that  phospha t idy l  ethano- 
lamine enhanced  the rate of linoleate oxidation, while phosphat idyl  cho- 
line (lecithin) or phospha t idy l  inositol had  no effect. 

S t a b i l i t y  measurement 
The rates of o x y g e n  absorp t ion  at 100 ~ by  Warburg  manomet r i c  

me thod  for cocoa  but ter  and shell fat are given in table 2. The stability of 

Table 2. Oxygen uptake for cocoa butter and shell fat. 

Time in hours ml oxygen absorbed per gram fat sample 
Cocoa butter Shell fat 

4.00 0.5076 0.5231 
6.00 1.3756 1.1209 
8.00 2.0533 1.8193 

10.00 2.9461 2.6139 
10.30 3.1711 2.7800 
10.45 5.5300 4.9078 
12.00 5.8754 5.0437 
stability in hours 10.5 10.5 
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Table 3. Lipid constituents of cocoa butter and shell fat and their Rf values. 

Constituent Rf value 

Hydrocarbons 1.00 
Squalene 0.95 
Triglycerides 0.52 
a-Tocopherol 0.29 
Free fatty acids 0.235 
Sterols 0.14 
Diglycerides 0.11 
Monoglycerides 0.07 

the two samples  expressed  as the  t ime elapsed before the p ropaga t ion  
react ion occur red  is the same (10.5 hrs). This low value may  be due to the 
heat  t rea tment  of cocoa beans dur ing  roasting. El-Wakeil et al. (21) and  
A h m e d  (22) repor ted  that  the heat  t rea tment  of kernels decreased the 
stability of the oils. 

Identi f ication of  ]z'pid classes 

The lipid classes of cocoa but ter  and  shell fat were  identif ied by  TLC 
analysis technique,  the solvents applied for fract ionat ion were pe t ro leum 
ether  : diethyl  e ther  : acetic acid (90 : 10 : 1), and the results are given in 
table 3. 

In  bo th  of the  cocoa but ter  and shell fat eight  spots are identif ied us ing 
k n o w n  samples.  An unidentif ied spot  is presented only in shell fat with R~ 
value 0.172, which  migh t  be used to identify the adul terat ion of the cocoa  
but ter  or chocolate  products  with shell fat and evaluate the p roduc t  
quality. F luorescent  c o m p o u n d s  pecul iar  to shell fat have been  found,  
related to some 3-oxoergos tane  derivatives and can be used  to recognize 
shell fat (23). The sequence  and Rf values of all these k n o w n  c o m p o u n d s  
were repor ted  by several invest igators (24, 25, 26, 27). The results show the 
presence  of squalene  and tocopherol ,  which  are k n o w n  as good  antioxi- 
dant  materials (27, 28, 29, 30). 

Fat ty  acid composi t ion 

Fat ty  acids of cocoa but ter  and shell fat were  identif ied and de te rmined  
quant i ta t ively as methyl  ester derivatives in the presence of the methy l  
esters of authent ic  fat ty acids by  GLC analysis, and the results are given in 
table 4. The p redominan t  fatty acids in cocoa but ter  are palmitic, stearic 
and  oleic, whereas  in shell fat they  are palmitic and oleic. Shell fat contains  
higher  palmitic values than  cocoa butter, and they  contain  the same value 
of oleic acid. Less  amoun t s  of capric, myristoleic and linoleic are found  in 
cocoa butter,  whereas  more  amoun t s  of these acids are found  in shell fat. 
Cocoa but ter  contains  h igher  values of stearic and myris t ic  than those  of 
shell fat. The nutri t ional  value of shell fat is h igher  than  that  of cocoa 
butter,  as its linoleic acid conten t  is near ly  twice compared  with cocoa 
butter.  Similar observat ion was obtained by  Greenwood-Bar ton  (1) who 
repor ted  that  shell fat differs in composi t ion,  than  cocoa butter.  The fat ty 
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Table 4. Fa t ty  acid composi t ion of cocoa butter  and shell fat %. 

Fat ty  acids Shell  Cocoa Repor ted  values for cocoa but ter  
fat but ter  Reference Reference Reference 

15 16 31 

Caprylie (C 8:0~ 
Caprie (C10:0) 16.89 12.95 
Lauric (C12:0) traces traces 
Tridecanoic (Cls:0) traces traces 
Myristic (C14:0) 3.19 4.32 
Myristoleic (C14..1) 2.43 1.29 
Palmit ic  (C16:0) 27.27 23.31 
Palmitoleic (C~6:1) 2.55 0.95 
Margaric (Czv:0) traces traces 
Stearic (Cls:0) 12.05 24.51 
Oleic (C18:1) 28.16 28.74 
Linoleic (C18:2) 7.49 3.93 
Linolenic (C1s:3) 
Arachidic (C20:0) 
Behenic (C22:0) 
Lignoceric (C24:0) 

0.341 
0.299 
1.021 traces 

0.653 trace - 0.2 % 

22.155 22.5-28.2 24.9-29.2 (av. 25.7) 
1.618 0.2-0.5 

0.2-0.4 
32.163 33.2-33.6 32.5-37.0 (av. 35.1) 
37.336 37.5-37.9 32.6-35.8 (av. 33.8) 

1.832 1.3- 3.9 2.6- 3.7 
1.232 0.0- 1.4 trace - 0.3 
1.091 0.9- 1.4 
0.291 
0.112 

ac id  d a t a  of  c o c o a  b u t t e r  c o u l d  b e  c o m p a r e d  f a v o r a b l y  w i t h  t h o s e  r e p o r t e d  
b y  o t h e r  i n v e s t i g a t o r s  (15, 16, 31), a n d  t h i s  m a y  b e  d u e  to  t h e  t y p e  of  c o c o a  
v a r i e t y  a n d  e n v i r o n m e n t a l  o r  s e a s o n a l  c o n d i t i o n s .  T h e  r e s u l t s  of c o c o a  
b u t t e r  a r e  in  a g r e e m e n t  w i t h  t h o s e  r e p o r t e d  b y  V a n  W i j n g a a r d e n  e t  al.  (31) 
on ly  for  l au r i c ,  p a l m i t i c ,  a n d  l i n o l e i c  ac ids .  T h e  d a t a  of P i e t r z y k  a n d  
W a r z e c h a  (16) a n d  A t a w i a  (15) a r e  s i m i l a r  to  t h o s e  g i v e n  in  t a b l e  4 for  
pa~mit ic  a c i d  on ly .  

Unsapon i f iab le  m a t t e r  c o m p o s i t i o n  

C r u d e  u n s a p o n i f i a b l e  m a t t e r  w a s  i d e n t i f i e d  b y  G L C  a n a l y s i s  in  t h e  
p r e s e n c e  of a u t h e n t i c  c o m p o u n d s .  S e v e n t e e n  c o m p o u n d s  w e r e  d e t e c t e d  
in t h e  u n s a p o n i f i a b l e  m a t t e r  of  cocoa b u t t e r ,  a n d  n i n e  of  t h e m  w e r e  
i d e n t i f i e d  as  C22 h y d r o c a r b o n ,  C30 h y d r o c a r b o n ,  Cs2 h y d r o c a r b o n ,  
s q u a l e n e ,  a - t o c o p h e r o l ,  c h o l e s t e r o l ,  c a m p s t e r o l ,  s t i g m a s t e r o l ,  a n d  B-s i tos -  
terol ,  w h e r e a s  t h e  o t h e r  e i g h t  c o m p o u n d s  a r e  u n i d e n t i f i e d .  T h e  d a t a  
o b t a i n e d  a r e  in  g o o d  a g r e e m e n t  w i t h  t h o s e  g i v e n  b y  A t a w i a  (15) o n l y  for  
C22 h y d r o c a r b o n ,  c a m p s t e r o l ,  s t i g m a s t e r o l  a n d  B- s i t o s t e ro l .  T h e  d e t e c t e d  
c o m p o u n d s  in  t h e  u n s a p o n i f i a b l e  m a t t e r  of  s h e l l  fa t  w e r e  s i m i l a r  to  t h o s e  
f o u n d  in  c o c o a  b u t t e r  w i t h  e x c e p t i o n  to  C22 h y d r o c a r b o n .  

Table 5. Sterol  composi t ion of cocoa but ter  and shell fat. 

Sterol Cocoa butter  Shell fat 

B-s i tos terol  51.48 % 70.40 % 
Stigmasterol  39.45 % 9.96 % 
Campsterol  5.77 % 15.49 % 
Cholesterol 3.29 % 4.15 % 
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The sterols were  de te rmined  quant i ta t ively following the  same tech- 
n ique  in the presence  of authent ic  samples  of sterols, and  the results are 
given in table 5. 

The p r edom inan t  sterol in cocoa but te r  and shell fat is ~-sitosterol, 
wh ich  was  found  in larger amoun t s  in shell fat (table 5). Cocoa but te r  
conta ined  h igher  values of s t igmasterol  than  that  of shell fat, which  
con ta ined  h igher  values of campsterol .  

Chaverson  (32) repor ted  that  the sterol compos i t ion  of eleven types  of 
cocoa but te r  and  plant  oils were found  to be ~-sitosterol 29.8-64.7%, 
s t igmasterol  (27.0-30.3%), campstero l  (7.7-10.4%) and  cholesterol  
(0-2.8 %). The variat ion in data be tween  the present  s tudy  and Chaverson  
(32) m a y  be due  to the cocoa variety and  seasonal  or env i ronmenta l  
condit ions.  

Summary 

The physical and chemical constants of cocoa shell fat (a by-product resulted 
during the production of cocoa butter at chocolate factories) were almost identical 
with those of cocoa butter obtained from the same cocoa beans except for their high 
acid value. Shell fat contained more amount of phospholipid content (as cephalin) 
than cocoa butter. The lipid classes were almost the same in cocoa butter and shell 
fat, however, the latter contained an unidentified constituent which was not found 
in cocoa butter. The fatty acids were determined quantitatively by GLC, and the 
results showed that the predominant acids in cocoa butter were palmitic, and oleic. 
Less amounts of capric, myrisitic, palmitoleic and linoleic were found in cocoa 
butter, whereas more amounts of these acids were found in shell fat. Cocoa butter 
gave higher values of stearic and myristic acids than those of shell fat. Seventeen 
compounds were detected by GLC in the unsaponifiable matter of both cocoa 
butter and shell fat from which eight were identified as C30 hydrocarbon, C32 
hydrocarbon, squalene, a-tocopherol, cholesterol, campsterol, stigmasterol and (3- 
sitosterol in the two samples. The sterols were determined quantitatively, and it was 
found that the predominant sterol in cocoa butter and shell fat was B-sitosterol. 
Cocoa butter contained higher values of stigmasterol than that of shell fat, which 
contained increasing values of campsterol, low values of cholesterol were found in 
both samples. Stability of cocoa butter and shell fat towards oxidative rancidity at 
100 ~ was the same (10.5 hrs). 
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