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ABSTRACT 

The fat from Tbeobroma bicolor was analyzed for glyceride content 
by thin layer chromatography (TLC), and for fatty acid composi- 
tion and triglyceride (carbon number) composition by gas liquid 
chromatography (GLC). The fat was then separated into glycerides 
of different degrees of unsaturation by means of silver nitrate TLC. 
Then, the bands were examined by GLC before and after conver- 
sion to methyl esters. From the results obtained, the distribution of 
the fatty acids on the individual glycerides was calculated. The 
fat consisted of 96.5% triglyceridc with only 2.5% diglyceride and 
1.7% free fatty acid. The 1najor fatty acids present were 42.3% 
C18:0, 45.2% C18:1, and 6.0% C16:1. Most of the triglycerides 
were of carbon number 52 (18.0%) and 54 (77.6%). The major tri- 
glycerides were 38.6% 1-stearyl-2,3 diolein (SOO), 25.4% 2-oleyl- 
1,3 distearin (SOS) and 13.8% 1-palmito-2-oleyl-stearin (POS). Only 
44. 3% of the fat consisted of monounsaturated trigiycerides. 

INTRODUCTION 

T b e o b r o m a  b i c o l o r  is a noncul t iva ted  plant related to 
T b e o b r o m a  cacao.  The  lat ter  is used for  the manufac tu re  of  
chocola te  and cocoa. The  seeds o f  T. b i c o l o r  have been 
claimed to have been commerc ia l ly  mixed  with those of  
T. cacao and that  7". b i c o l o r  contains  a considerable  quan- 
t i ty  o f  good-qual i ty  cocoa but te r  (1). 

At  the t ime of  this work, no reports  had been published 
on the chemical  compos i t ion  of  the fat, a l though,  being of  
the same family as 7". cacao,  it was though t  likely to be 
similar to cocoa  butter .  If  T. b i c o l o r  is no t  similar, then 
commercia l  mixing of  the  seeds with T. cacao  might  yield a 
product  with undesirable physical propert ies,  causing prob- 
lems in the  temper ing o f  choco la te  manufac tu red  f rom such 
mixtures.  Therefore ,  the compos i t ion  of  the fat f rom these 
seeds was investigated. 

Since this work  was carried out, the fa t ty  acid composi-  
t ion and some physical  propert ies  of  one sample of  T. 

b i c o l o r  have been published with those o f  T b e o b r o m a  

g r a n d i f l o r a  (2). 

EXPERIMENTAL 

Materials 

A small sample of  air-dried seeds was supplied by Ins t i tu te  
Nacional  de Invest igaciones Agropecuarias,  Qui te ,  Equador .  
Precoated silver ni trate/si l ica gel TLC plates were supplied 
by Supelco Inc., Bellforte,  PA. Chemicals  were analytical  
grade f rom British Drug t{ouses, Ltd., Peele ,  England, as 
were s tandard Merck 5721 silica gel G plates. 

Extraction of Oil 

T w o  seeds (ca. 6) were ground whole  in a coffee grinder, 
since removing the ou te r  shell proved impossible.  The  fat 
was ex t rac ted  with pe t ro leum ether  (40-60 C) in a Soxh le t  
for 12 hours, and then most  of  the  solvent  gent ly  evapo- 
rated in a water  bath, the last traces being removed  under  
vacuum at 40 C. This  p rocedure  was repeated with two  
fur ther  samples of  seeds so that  analysis could be carried 
out  in triplicate. 

Analysis of Glyceride Classes 

Glycer ide  compos i t ion  was de te rmined  after  TLC separa- 
t ion of  ca. 50 mg on a silica gel G plate, developing once  
with hexane /d ie thy le the r / fo roa ic  acid (60 :40 :1 )  and spray- 
ing with 0.1% ethanol ic  2 ,7-dichlorof luorescein  solution.  
The  bands corresponding  to the  free fa t ty  acids, mono- ,  di- 
and tr iglyceride,  were scraped of f  and ex t rac ted  in a Soxh-  
let for  2 hours with die thyle ther .  Af t e r  the  addi t ion  of  
1 mL of  0.1% me thy l  heneicosanoate ,  the mix tu re  was 
transesterif ied using boron  t r i f l uo r ide /me thano l  (3), and 
the  me thy l  ester compos i t ion  was de te rmined  using a 
Hewle t t  Packard 5880 gas chromatograph .  

TABLE 1 

Analysis of Lipid of T. bicolor v. Typical T. cacao 

T. bicolor a T. cacao 

% Monoglyceride ND ND 
% Diglyceride 2.5 • 0.02 1.7 
% Triglyceride 96.5 • 0.4 98.0 
% Free fatty acid 1.7 +- 0.1 0.3 
trans Fatty acid ND ND 

Unsymmetrical 
monounsaturated 
triglyceride ND ND 

Unsaponifiable matter 0.58 • 0.02 0.49 • 0.01 

ND = None detectable. 
aThree analyses of fat from T. bicolor were carried out on 3 samples 
of fat, each extracted separately from 2 seeds of T. bicolor. The 
values were found to be similar, therefore the average values, to- 
gether with the variation observed, are given here. 

TABLE II 

Fatty Acid Composition of Triglyceride of T. bicolor 
Compared with Fat from Typical T. cacao 

Fatty acid % T. bicolor a % T. cacao 

C14:0 ND 0.2 
C16:0 6.6 • 0.2 25.8 
(116:1 ND 0.2 
C17:0 0.2 0.2 
C18:0 42.9 • 1.1 35.9 
C18:1 45.1-+0.3 33.3 
C18:2 3.0 -+ 0.2 3.2 
(120:0 2.0 • 0.3 1.0 
C20:1 ND 0.1 

ND = None detected. 
aThree analyses of fat from T. bicolor were carried out on 3 samples 
of fat, each extracted separately from 2 seeds of T. bicolor. The 
values were found to be similar, therefore the average values, to- 
gether with the variations observed, are given here. 
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TABLE IlI 

Triglyceride (Carbon Number) Composition of T. b ico lor  
(3 Samples) Compared with Typical T. cacao 

Carbon number % T. bico lor  a % 7: cacao 

48 0.1 • 0.1 1.8 
50 1.5 • 0.1 18.9 
52 18.1 -* 0.2 44.6 
54 77.7 • 0.2 33.9 
56 2.5 • 0.2 0.8 
58 0.2 _+ 0.1 ND 

ND = None detectable. 
aThree analyses of fat from 7", b icolor  were carried out on 3 samples 
of fat, each extracted separately from 2 seeds of T. bicolor.  The~ 
values were found to be similar, therefore the average values, to- 
gether with the variation observed, are given here. 

Analysis of Triglycerides by Carbon Number 

The  analysis was carried ou t  on a Hewlet t  Packard 5880 
using a 60 c m x  3 mm ID co lumn packed with condi t ioned  
3%OV-1 on Gaschrom Q (4). The  p ropor t ion  of  triglycer- 
ides of  carbon number  C54 up .was  correc ted  for co lumn 
losses by means  o f  a curve prepared using standard solu- 
t ions containing known quant i t ies  of  tristearin, t r ipalmitin,  
t r ibehenin,  tr ierucin and triarachidin. 

Analysis of Fat for Unsymmetrical 
Monounsaturated Triglycerides 

This analysis was carried ou t  by TI.C of  the sample on silica 
gel plates coated with silver ni trate  (5). 

Determination of trans Acid Content 

Using infrared analysis, t r a n s  acids were de te rmined  by 
measuring the absorpt ion  at 10.36/a compared  with a cocoa 
bu t te r  standard (6). 

Determination of Unsaponifiable Matter 

This de te rmina t ion  was carried ou t  in duplicate  on pooled  
samples o f  fat  by the A O A C  m e t h o d  (7). 

Analysis of Component Triglycerides of Fat 

This analysis was per formed  on only  one (sample 1) of  the 
three  samples extracted.  Because the levels of  the mono-  
and diglycerides were found to be low, nontr ig lycer ide  
mater ial  was no t  removed before  TLC. The removal  would  
have been necessary if high levels of  diglyceride, for  exam- 
ple, had been present.  

A 50 mg por t ion  o f  fat was dissolved in 1 mL of  hexane 
and spread in a narrow band about  1 cm f rom the lower 

edge o f  a silver n i t ra te-coated silica gel TLC plate. This  was 
repeated for a second plate. The  plates were then lowered 
into a TLC tank conta in ing suff icient  redistilled ch loroform 
to immerse  about  1 cm in the  solvent. Af te r  the plates had 
been developed once,  they  were removed f rom the  tanks 
and the ch loroform evapora ted  under  a stream of  nitrogen. 
The  plates were then developed for  a second t ime in the 
same solvent. Af t e r  evaporat ing the solvent  as before,  the 
plates were liberally sprayed with 0.1% ethanol ic  dichloro- 
fluorescein solut ion to show up the individual lipid bands 
under  UV light. The  bands were scraped into an ext rac t ion  
thimble,  corresponding bands f rom the  two plates being 
bulked together.  The  conten ts  of  each th imble  were ex- 
t racted in a Soxhle t  using die thylether ,  containing 0.005% 
BHT, as solvent. The  solvent was then evaporated to 
dryness. 

The  tr iglyceride extracts  were analyzed by GLC for 
tr iglyceride compos i t ion  by carbon number.  Each band was 
then quant i ta t ively  transferred, using small por t ions  o f  
die thylether ,  into a 50 mL flask and 1 mL of a 0.3% solu- 
t ion of  methyl  heneicosanoate  was added as the internal 
standard. The  me thy l  esters were then prepared and ana- 
lyzed as before  (3). F r o m  the percentage of  internal stand- 
ard present  in each band, the relative propor t ions  of  each 
band can be calculated (8,9). 

RESU LTS AND DISCUSSION 

The seeds of  7". b i c o l o r  yielded 38% of  a soft yel low fat, 
conta ining 0.6% unsaponif iable  matter .  As can be seen from 
Table 1, the partial glyceride and free fa t ty  acid levels were 
qui te  low al though slightly higher than normal cocoa 
butter .  No t r a n s  fa t ty  acids or unsymmetr ica l  monoun-  
saturated tr iglycerides were detected.  The  fat ty  acid and 
tr iglyceride compos i t ions  (Tables II and II1) were very dif- 
ferent  f rom cocoa butter .  Much higher levels of stearic and 
oleic acids, and lower  levels of  palmit ic  acid, resulted in 
very high C54 levels. The  figures for fa t ty  acid composi t ion  
are similar to those repor ted  by Berbert  (2). 

The  fat ty  acid compos i t ion  of  the bands of  differing 
degrees o f  unsatura t ion are given in Table IV. A number  of  
earlier workers (8-10) have combined  figures for the fat ty  
acid compos i t ion  of  the bands of  differing degrees of  un- 
saturat ion o f  a fat with figures obta ined  by lipase hydroly-  
sis. Assuming that  the fa t ty  acids in the triglycerides are 
dis tr ibuted in, for example,  the 1,3-random-2-random 
dis t r ibut ion pattern,  they have calculated the total  tri- 
acylglycerol  s t ructure  of  the oil in quest ion.  If the figures 
for carbon number  t r iglyceride compos i t ion  are available, 
then, providing that  isomers such as 1-stearo-2,3-diolein and 
the corresponding 2-stearo isomer are not  different iated,  

TABLE IV 

Fatty Acid Composition of Bands with Differing Degrees 
of Unsaturation of Fat from T. bicolor  

Fatty Tri- Mono- Di-mono- Mono-di- Tri- 
acid saturated unsaturated unsaturated unsaturated unsaturated 

16:0 13.8 12.5 1.4 5.8 -- 
17:0 0.2 0.1 0.1 0.1 -- 
18:0 85.6 49.8 29.9 58.8 -- 
18:1 -- 34.3 66.6 -- 98.9 
18:2 -- -- -- 34.5 1.1 
20:0 0.4 3.3 0.6 1.2 -- 

Band as 
% of 
total fat 1.5 44.3 40.8 9.8 3.8 
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T A B L E  V 

Component Triglycerides of Z bicolor b 

Tri- Mono- Di-mono- Mono- Tri- 
Carbon saturated unsaturated unsaturated diunsaturated unsaturated 
number band band band band band 

48 pppa O .  1 . . . .  
50 PSP O. 1 POP 1.4 - - - 
52 PSS 0.2 POS 13.8 POO 2.0 PLiS 1.6 - 
54 SSS 1.1 AOP 0.9 SOO 38.6 AIiP 0.1 000 3.8 

SOS 25.4 SIiS 7.6 
56 -- AOS 2.5 AOO 0.2 AIiS 0.3 - -  

5 8  - -  AOA 0.3 - - -  - 

T o t a l  for 
each hand 1.5 44.3 40.8 9.6 3.8 

ap = palmitic; S = stearic; O = oleic; Li = linoleic; A = arachidic. 
bGlycerides present at less than O. 1% are ignored. 

t h e n  the  t r ig lycer ide  s t r u c t u r e  m a y  be  ca lcu la ted  w i t h o u t  
the  lipase hydro lys i s  da t a  (11).  In t he  case of  t he  fa t  f r om 
T. bicolor, if the  t race  q u a n t i t y  o f  h e p t a d e c a n o i c  acid is 
ignored,  the  t r iacylglycerol  s t ruc ture ,  ignor ing pos i t iona l  
i somers  may  be  ca lcu la ted  w i t h o u t  mak ing  any  a s s u m p t i o n s  
as to  the  d i s t r i b u t i o n  of  the  f a t t y  acid residues. T h e  results  
o b t a i n e d  are given in Tab le  V. These  figures cor re la te  
r easonab ly  well wi th  the  analysis  f igures  for  the  who le  fat.  
As silver n i t r a t e  TLC had  earl ier  s h o w n  the  absence  of  any  
u n s y m m e t r i c a l  m o n o u n s a t u r a t e d  tr iglycerides,  all t he  
t r ig lycer ides  o f  th is  t y p e  have the  u n s a t u r a t e d  acid in t he  
2 posi t ion.  

Unl ike  cocoa  bu t t e r ,  which  n o r m a l l y  con ta ins  ca. 80% 
symmet r i c a l  m o n o u n s a t u r a t e d  t r ig lycer ides  (11 ,12) ,  th is  fa t  
c o n t a i n e d  on ly  44% s y m m e t r i c a l  m o n o u n s a t u r a t e d  tri- 
glycerides. T h e  high level of  d i u n s a t u r a t e d  t r iglycer ide 
expla ins  the  sof tness  and  low mel t ing  po in t  observed.  
Be rbe r t  a t t r i b u t e s  the  sof tness  to  the  level of  unsapon i f i ab l e  
m a t t e r  bu t  this  is p r o b a b l y  a relat ively u n i m p o r t a n t  f a c t o r  
as the  unsapon i f i ab l e  m a t t e r  f o u n d  (0 .6%) was n o t  signifi- 
cant ly  h igher  t h a n  the  value for  a typ ica l  cocoa  b u t t e r  
(0.5%). If cocoa  b u t t e r  was adu l t e r a t ed  wi th  the  fa t  of  

T. bicolor to  any  ex ten t ,  t hen  the  p r o d u c t  wou ld  p r o b a b l y  
be  undes i r ab ly  soft .  
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