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 ,The Interpretation of GLC Triglyceride Data for the 
Determination of Cocoa Butter Equivalents in Chocolate: 
A New Approach 
C.C. YOUNG, Rowntree Mackintosh PIc, York YO11XY, England 

ABSTRACT 

A new approach to interpret triglyceride data obtained by gas 
liquid chromatography (GLC) in order to determine cocoa butter 
equivalents (CBE) in chocolate is described. The approach is based 
on the known straight line relationship which exists between the 
Cs0 and Cs4 triglycerides of cocoa butter of different origins and 
the realization thaL for currently available CBE conforming to 
CAOBISCO's criteria, a similar band relationship exists. The tech- 
nique described enables the quantity of unspecified CBE in a choc- 
olate containing an unknown cocoa butter to be determined to an 
accuracy of _+ 1.5% when present in chocolate at the 5% level. Nut 
oils (almond, walnut or hazelnut) are sometimes present in main- 
land European chocolates and, should CBE also be present, it is 
possible to calculate the combined percentages of nut oil and CBE 
in the chocolate. The method of interpretation described is not 
dependent on a particular GLC technique for determining tri- 
glycerides. Interpretation of other laboratories' results obtained 
using different GLC instruments and procedures has shown that 
the method et~ables any CBE present in the fat under examination 
to be determined accurately. The method compensates for varia- 
tions in the composition of CBE and for the differences between 
cocoa butters of different origin. A detailed knowledge of CBE 
compositions is not required and only a few cocoa butter/CBE 
standards are necessary. The method described is graphical, enabling 
small laboratories not equipped with microcomputers to utilize the 
method. The calculation can, however, be programmed for a 
computer. 

INTRODUCTION 

The  t r iglyceride c o n t e n t  of  fats  can be rou t ine ly  deter-  
m i n e d  by  gas l iquid c h r o m a t o g r a p h y  (GLC).  F incke  
(1 -4 , )  and  Padley and  T i m m s  (5) have pub l i shed  m e t h o d s  
based on such analyses for  de t e r m i n i ng  cocoa  b u t t e r  
equiva len ts  (CBE) in chocola te .  Bo th  m e t h o d s  rely on  the  
ex is tence  of  a s t ra ight  l ine re la t ionship  be tween  Cs0 and  
Cs4 for  all cocoa  but te rs .  A n y  devia t ion  f rom this  re la t ion-  
ship indica tes  the  presence  of  some o t h e r  fat .  

The  quan t i t a t i ve  d e t e r m i n a t i o n  o f  CBE is d e p e n d e n t  on  
the  iden t i f i ca t ion  of  the  CBE or CBE- type  fa t  p resen t ,  
fo l lowed  by  use of  the  GLC tr iglyceride da ta  for  the  
iden t i f i ed  fat  to  calcula te  its pe rcen tage  in the  e x t r a c t e d  
fa t  phase  and  hence  in the  chocola te .  U n f o r t u n a t e l y ,  the  
t r ig lycer ide c o m p o s i t i o n s  o f  CBE vary  f rom m o n t h  to 
m o n t h  and  year  to  year,  depend ing  on  the  raw mater ia l s  
f rom which they  are m a n u f a c t u r e d .  This  m a y  lead to an 
incor rec t  i den t i f i ca t ion  of  a CBE and  hence  an er ror  in the  
ca lcu la t ion  of  the  CBE c o n t e n t .  

Outs ide  the  choco la te  i ndus t ry ,  analys ts  have l i t t le  
access to  data  on  the  n u m e r o u s  CBE available, mak ing  
iden t i f i ca t ion  m o r e  d i f f icul t  and  poss ibly  resul t ing in 
errors  w h e n  calcula t ing  the  CBE con t en t .  

This  paper  describes a m e t h o d  by which  the  CBE 
c o n t e n t  of  a choco la t e  m ay  be d e t e r m i n e d  using on ly  a 
l imi ted  n u m b e r  of  CBE and  cocoa  b u t t e r  s tandards .  

EXPERIMENTAL 

Triglyceride Analysis 

In all the  t r iglyceride analyses  refer red  to  here ,  t he  fol low- 
ing cond i t i ons  were used:  GLC i n s t r u m e n t  -- Perk in  E lmer  
Sigma 3 sys tem wi th  au tosample r ;  d e t e c t o r  - f l ame ion- 
iza t ion  d e t e c t o r  (F ID) ;  carr ier  gas -- n i t rogen  at  a f low rate  
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of 70 m L / m i n ;  c o l u m n  - 18" X 3 /16"  ID glass c o l u m n  
f i t t ed  wi th  glass to meta l s  seals packed  wi th  3% SP 2100  
on  1 0 0 / 1 2 0  mesh  S u p e l c o p o r t  s t a t i ona ry  phase;  c o l u m n  
t e m p e r a t u r e  - 3 0 0 - 2 4 0  C p r o g r a m m e d  at  2 C/ ra in ;  
de t ec to r  oven t e m p e r a t u r e  - 350  C; in jec t ion  oven t emp-  
e ra tu re  - 350  C; and  sample  size - 1 /~L of  a 1% p e n t a n e  
so lu t ion  of  the  ex t r ac t ed  fat .  

The  t r iglycer ide results  were no rma l i zed  so t ha t :  

Cso + Cs2 + Cs4 = 100% 

Table  I gives the  d e t e r m i n e d  t r iglyceride compos i t i ons  of: 
(a) pressed n ib  cocoa  bu t t e r s  f rom Ghana ,  Nigeria, Ivory  
Coast ,  Bahia,  C a m e r o o n  and  Ecuador ,  Tr in idad ,  Grenada ,  
New G u i n e a / J a m a i c a  b lend  beans;  (b) CBE - Calvet ta ,  
I l lexao 30-92 ,  l l lexao 30 -61 ,  Cober ine ,  Vebe r ine ;  and  
(c) h a z e l n u t  oil. 

INTERPRETATION PROCEDURE 

Construction of Graph 
In Figure 1, a s t ra igh t  l ine was c o n s t r u c t e d  t h r o u g h  the  
Cs0 vs Cs4 p lo t  for  the  d i f f e ren t  cocoa  bu t te rs .  Uti l izing 
the  m e a n  Cs0 and  Cs4 values -+ twice  the  s t anda rd  devia t ion  
o f  the  individual  t r iglyceride results,  the  e x t r e m e  Cs0 and  
Cs4 values for  95% of  all cocoa  bu t t e r s  were ca lcu la ted  and  
p lo t t ed .  

The  Cs0 vs Cs4 plots  of  the  CBE e x a m i n e d  fell wi th in  
an empir ica l  CBE b a n d  c o n s t r u c t e d  so t h a t  t he  lower  l ine 
of  the  b a n d  ran f rom 70% on  the  Cs0 axis to  80% on  the  
Csa axis and  the  u p p e r  l ine f rom 79% on  the  Cs0 axis to  
89% on  the  Cs4 axis. 

The  exp l ana t i on  for  the  CBE tr iglycer ide da ta  lying 
wi th in  a band  a lmos t  parallel  to  the  cocoa  b u t t e r  l ine is t h a t  
CBE are general ly  p repa red  f rom blends  of  mid-pa lm and  
mid-shea  f rac t ions  wi th ,  in some  ins tances ,  small  add i t ions  

TABLE I 

Triglyceride Composit ions (%) 

Cso Cs2 Cs4 

Cocoa Butters 
Ghana 19.0 47.6 33.4 
Ecuador 19.6 47.0 33.4 
Trinidad 21.0 48.0 31.0 
Nigeria 19.9 47.5 32.6 
Bahia 19.1 47.1 33.8 
New Guinea/Jamaica 21.2 47.5 31.3 
Grenada 21.0 48.0 31.0 
Ivory Coast 20.0 47.8 32.2 
Cameroon 20.2 47.1 32.7 
Mean value 20.1 47.5 32.4 
Range (± 2X SD) 18.5-21.7 47.0-48.0 30.2-34.5 

CBE 
Clavetta 74,5 21,8 3.7 
lllexao 30/61 44.9 17,8 37,3 
l l lexao 30/92 2.6 12,5 84.9 
Coberine 35.9 25,0 39.1 
Veberine 44.6 26.7 28.7 

Nut oil 
Hazelnut oil 1.5 17.5 81.0 
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FIG.  1. Cso vs Cs4 plo t  o f t h e  GLC t r ig lyce r ide  data  o f  CBE and  c o c o a  bu t t e r s .  
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of illipe or other fats containing 2 oleo disaturated tri- 
glycerides. Although different feedstocks and different 
manufacturing techniques result in scatter, the Cs0 vs 
Cs4 plots fall within a clearly defined band. 

The validity of the concept of this band was demon- 
strated when data obtained from 10 other laboratories, 
which had examined different CBE on different columns 
operated under different conditions, were found to fall 
within it. With the exception of the experimental Procter 
& Gamble fat, available data indicate that the parameters 
used to construct the band in Figure 1 will embrace all 
currently commercially available CBE. 

Use of Graph when Analyzing 
Chocolate of Unknown Composition 

The normalized Cs0, Cs2 and Cs4 triglyceride values of the 
fat extracted from the chocolate are corrected to com- 
pensate for the quantity of milk fat present in the fat 
phase. The corrected, renormalized Cso and Cs4 values are 
plotted on the graph. If the plot does not  lie on the cocoa 
butter line, the fat is deemed to contain another fat. 

A line is constructed from the extreme cocoa butter 
plot A on the left-hand side (LHS) of the cocoa butter line 
through the sample plot and extended through the CBE 
band. The Cs2 values of the two points at which the line 
intercepts the CBE band are calculated from 100-(Cs0 
+ Cs4). Two similar lines are drawn f rom the extreme 
cocoa butter plot B on the right-hand side (RHS) of the 
cocoa butter line and from.the point representing the mean 
value for all the cocoa butters and the corresponding 
Cs2 values calculated. In  some instances, the extended 
line may only intercept the band at one point and there 

may even be occasions when the line does not  intercept the 
band at all. This only occurs when the CBE is essentially 
a mid-palm or mid-shea type and suggests that the specific 
cocoa butter having the Cs0 and Cs4 values from which the 
line originates is probably hot present in the fat phase. 

The Cs2 values so obtained are used in the following 
calculation to determine the quantities of CBE present 
in the chocolate fat phase. 

% CBE in the  fat  b l end  = 

(Cs~ for  m e a n  C B - C s 2  sample)  X (100--% m i l k  fat  in fa t  phase)  

Cs2 for m e a n  CB--Cs2 for each CBE band  i n t e r c e p t  

The calculation is repeated for each extreme cocoa butter 
Cs2 and the corresponding sample Cs2 values. 

EXAMPLE 

The butyric acid content of an extracted fat having the 
following normalized triglyceride data: 

C5o = 22.4 
Cs2 = 41 .8  

C54 = 35.8 
100.0  

was determined by the method of Phillips and Sanders (6), 
so as to determine the percentage of milk fat in the fat 
phase. The fat was found to contain 20% milk fat. 

Milk fat contains an average of: Cs0 = 12%; Cs2 = 13%; 
Cs4 = 8%. Correction of the determined Cs0, Cs2, Cs4 
values to allow for the milk fat was as follows: 
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N o r m a l i z e d  R e n o r m a l i z e d  

Cs0 = 2 2 . 4 - ( 1 2 ×  2 0 / 1 0 0 ) =  2 0 . 0  2 1 . 4  

Cs2 = 4 1 . 8 -  (13 X 2 0 / 1 0 0 ) =  39 .2  4 2 . 0  

C s ,  = 3 5 . 8 -  ( 8 X  2 0 / 1 0 0 ) =  34 .2  3 6 . 6  

1 0 0 . 0  9 3 . 4  1 0 0 . 0  

Figure 2 demonstrates the approach using the renormalized 
triglyceride data of the extracted fat. 

The intercepts obtained from Figure 2 when used in the 
above equation give the following. 

L H S  cocoa but ter  (plot A). 
1st intercept: 

( 4 8 . 0  - 4 2 . 0 )  X ( 1 0 0  - 20)  

4 8 . 0  - 2 4 . 0  
---- 2 0 . 0 %  C B E  

2nd intercept:  

( 4 8 . 0  - 4 2 . 0 )  X ( 1 0 0  - 20)  

4 8 . 0  - 13 .1  
= 18 .6% C B E  

Mean cocoa butter. 
1st intercept: 

( 4 7 . 5  - 4 2 . 0 )  X ( 1 0 0  - 20)  

4 7 . 5  - 2 3 , 8  
= 18 .6% C B E  

2nd intercept:  

( 4 7 . 5  - 4 2 . 0 )  X ( 1 0 0  - 20)  

4 7 . 5  - •4.2 
-- 13 .2% C B E  

C.C. Y O U N G  

R H S  cocoa but ter  (plot B). 
1st intercept: 

( 4 7 . 0  -- 4 2 . 0 )  X ( 1 0 0  -- 20)  

4 7 . 0  -- 25.6  
= 18 .7% C B E  

2nd intercept: 

( 4 7 . 0  - 4 2 . 0 )  X ( 1 0 0  -- 20)  

4 7 . 0  -- 15.3  
= 12 .6% C B E  

The range obtained is 12.6-20.0% with a mean of  16.3%. 
The CBE content  of the fat phase is therefore 16.3 + 

3.7%. Assuming the milk chocolate to contain 30.0% fat, 
the percentage CBE in the chocolate is: 

(16 .3 -+  3.7)  X I~0=4"9-+ 1.2% 

VERIFICATION 

To test the reliability of the method,  the following fat 
blends and chocolate were prepared (Tables II and III). 
The fats used as standards were different to those used as 
ingredients for the chocolates. The cocoa butters used in 
the chocolates were blends of different origin resulting in 
each chocolate containing a different type of cocoa butter.  
In so doing, the chocolates were representative of products 
purchased by consumers. 

The fat blends and the fats extracted from the chocolates 
were analyzed to determine the: (a) total fat content of 
the chocolate, (b) milk fat in the fat phases (Phillips and 
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TABLE lI 

Fat Blends P r e p o s e d  

THE DETERMINATION OF CBE 

CBE % type 

Blend Cocoa butter (%) CBE (1) CBE (2) Milk fat (%) 

1 82.5 
2 87.9 
3 87.9 
4 73.1 
5 59.2 
6 60.8 
7 72.2 

Calvetta 17.5% 
Illexao 30/96 12.1% - - 
Illexao 30/92 6.05% Calvetta 6.05% 
Illexao 30/92 11.1% - 15.8 
lllexao 30/61 15.8% - 25.0 
lllexao 30/93 6.85% lllexao 30/63 6.85% 25.3 
Calvetta 5.5% Hazelnut oil 6.5% 15.8 
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TABLE III 

Chocolates P r e p o s e d  

Chocolate 

Cocoa 
butter 

(%) 

Total fat 
CBE % type Milk in chocolate 

CBE (1) (CBE (2) fat (%) (%) 

1 82.5 Calvetta 17.5% 
2 87.9 lllexao 30/96 12.1% 
3 87.9 Calvetta 6.05% 
4 73.1 ltlexao 30/92 11.1% 
5 59.1 Illexao 30/61 15.8% 
6 60.8 Calvetta 6.95% 
7 65.3 Akonord 10.9% 

- - 3 1 . 6  

- -  - -  31.6 
lllexao 30/92 6.05% - 31.6 

- -  15.8 31.6 
-- 25.0 31.6 

IUexao 30/93 6.95% 25.3 31.6 
Hazelnut oil 8.0% 15.8 31.6 

TABLE IV 

T r i g l y c e r i d e  Results 

Cs0 Cs2 Cs4 

Fat blend 
1 28.3 43.0 28.7 
2 18.8 43.1 38.1 
3 20.9 43.2 35.9 
4 17.5 42.7 39.8 
5 24.5 40.9 34.6 
6 20.1 41.6 38.3 
7 23.1 43.3 33.6 

Chocolate 
1 27.5 42.7 29.8 
2 20.6 43.3 36.1 
3 21.2 43.3 35.5 
4 17.4 42.6 40.0 
5 23.7 41.3 35.0 
6 24.1 41.9 34.0 
7 20,0 40.7 39.3 

Sanders  m e t h o d ) ,  (c) tr iglycerides of  the  fats (Table IV), 
and (d) percentage  of  CBE using the m e t h o d  described in 
this paper.  

Correc ted  tr iglyceride values allowing for  milk fat  
percentages  de te rmined  by analysis are shown  in Table V. 

The percentages  of  CBE in the fat  phases and hence  the  
chocola tes  were calculated as described earlier. Table VI 
summarizes  the  results obta ined .  

DISCUSSION 

The m e t h o d  as in te rpre ta t ion  given in this paper  enable 
c o m p e t e n t  analysts  to  de te rmine  CBE in chocola te  to 
an accuracy within the 5.0 -+ 2.0% limits discussed by 
CAOBISCO for  chocolates .  

The m e t h o d  appears to  compensa t e  for  the  ef fec ts  o f  
variations in tr iglyceride compos i t ions  of  cocoa but ters ,  
CBE and milk fats, p rovided  tha t  the GLC tr iglyceride 

analysis i t s e l f  is sat isfactory.  Fincke (private communi -  
cat ion) and Chaveron (private communica t i on )  found  
similar normal ized  cocoa bu t t e r  tr iglyceride values, specific- 
ally the  Cs2 value, to those  ob ta ined  for  the  cocoa bu t t e r  
s tandards  used in the present  work.  

Fincke:  Cs0 = 19.5, SD = 1.6; 
Cs2 = 47.5,  SD = 0.5; 
Cs4 = 33.0, SD = 2.1. 

Chaveron:  Cso = 19.3, SD = 1.2; 
Cs2 = 47.5 ,  SD = 0.4; 
Cs4 = 33.2, SD = 1.5. 

It is p a r a m o u n t  tha t  analysts obta in  similar values when  
de te rmin ing  the  GLC tr iglyceride c o n t e n t  o f  cocoa  but ters .  
Failure to achieve similar results indicates tha t  the GLC 
analysis is unsat is factory ,  which would  lead to  e r roneous  
CBE de te rmina t ion .  

The effect iveness of  the p r o p o s e d  m e t h o d  is demon-  
s t ra ted  by using the cocoa bu t t e r  cal ibrat ion lines o f  
Fincke and Chaveron to de te rmine  the quan t i ty  of  CBE 
presen t  in the choco la te  fat  phase given in Figure 2 (see 
Table VII). 

TABLE V 

C o r r e c t e d  T r i g l y c e r i d e  Values 

Cso Cs2 Cs4 

Fat blend 
4 16.4 42.9 40.7 
5 23.5 41.0 35.5 
6 18.6 41.9 39.5 
7 22.4 43.5 34.1 

Chocolate 
4 16.4 42.8 40.8 
5 22.6 41.5 35.9 
6 23.1 42.1 34.8 
7 19.1 40.8 40.1 
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T A B L E  VI 

S u m m a r y  o f  CBE Analys i s  o f  Fat  Blends  and Chocolates 

C.C. YOUNG 

Theoretical Values 

Milk fat 
CBE in CBE in in 

Sample fat phase chocolate fat phase 

Analysis values 

Total fat Milk fat Total fat 
in CBE in CBE in in in 

chocolate fat phase chocolate fat phase chocolate 

Fat blend 
1 17.5 - - 
2 12.1 - - 
3 12.1 - - 
4 11.1 - 15.8 
5 15.8 - 25.0 
6 13.7 - 25.3 
7 12.0 - 15.8 

100.0 19 .7±4 .0  -- - 
100.0 15 .1±3 .6  -- -- 
100.0 15 .5±3 .7  -- -- 
100.0 12 .1±2.5  -- 15.4 
100.0 18 .2±3 .2  -- 25.2 
100.0 14 .6±3 .2  -- 25.0 
100.0 13 .0±3.3  -- 15.0 

Chocolate 
1 17.5 5.5 - 31.6 
2 12.1 3.8 - 31.6 
3 12.1 3.8 - 31.6 
4 11.1 3.5 15.8 31.6 
5 15.8 5.0 25.0 31.6 
6 13.9 4.4 25.3 31.6 
7 18.9 6.0 15.8 31.1 

20 .3±4 .6  6 . 2 ± 1 . 4  - 30.7 
15 .2x3 .9  4 . 7 ± 1 . 2  -- 30.9 
15 .5±3 .7  4 . 7 ± 1 . 1  - 30.6 
13 .0±3 .2  4 . 1 ± 1 . 0  15.5 31.6 
16 .8±3 .8  5 . 2 ± 1 . 2  24.7 30.8 
15 .8±4 .0  4 .9±1 .3  24.2 31.0 
20 .1±4 .2  6 .2±1 .3  14.8 31.1 

T A B L E  VII 

CBE Values 

Analyst C B E i n f a t p h a s e  CBEinchocola te  

Fincke 16 .5±4 .0  5 .0±1 .2  
Chaveron 16 .7±3 .5  5 .0±1 .1  
RM 16 .3±3 .7  4 . 9 ± 1 . 2  

In  each case, us ing  the  d i f f e r en t  c o c o a  b u t t e r  ca l ib ra t ion  
lines, s imi lar  values  are f o u n d  f o r  a f a t  phase  c o n t a i n i n g  an 
u n k n o w n  c o c o a  b u t t e r  and  CBE, i.e., ca. 5.0% w i t h  a 
poss ib le  m a x i m u m  e r r o r  o f  -+ 1.1%. W h e n  the  m a x i m u m  
poss ib le  e r r o r  fo r  the  s a m e  fa t  is ca lcu la ted  w i t h o u t  t he  use  
o f  the  CBE band ,  us ing  F i n c k e ' s  e x t r e m e  Cs2 values  and  
RM's  e x t r e m e  Cs2 values  obse rved  fo r  CBE i.e., 12.5% and  
26.3%, the  m a x i m u m  poss ib le  e r ro r  is i nc reased  f r o m  ca. +- 
1.1% to  + 1.9%. Th is  ind ica tes  t he  m a g n i t u d e  o f  t he  in- 
c reased  e r ro r  to be e x p e c t e d  w h e n  an  ana ly s t  i n c o r r e c t l y  
ident i f ies  a CBE us ing  an a l te rna t ive  m e t h o d  to  t he  p ro -  

TABLE VIII 

p o s e d  CBE b a n d  a p p r o a c h .  
T h e  resu l t s  given in Tab l e  VI  clearly ind ica te  t h a t  the  

CBE b a n d  m e t h o d  ho lds  f o r  c o m b i n a t i o n s  o f  CBE and  
h a z e l n u t  oil. T h e  m e t h o d  is u n s u i t a b l e  fo r  t he  d e t e r m i n a -  
t ion  o f  the  e x p e r i m e n t a l  P r o c t e r  & G a m b l e  t y p e  CBE,  
illipe or  h y d r o g e n a t e d  fats ,  because  t h e y  lie ou t s ide  the  
CBE band .  CBE c o m p o n e n t  fa t s  such  as m i d - p a l m  and  mid -  
shea  f rac t ions ,  sal, m a n g o  and  k o k u m  can be d e t e r m i n e d  as 
to ta l  CBE. 

I f  fa ts  o t h e r  t h a n  CBE a n d  n u t  oil are s u s p e c t e d  in the  
choco la t e s ,  p e r h a p s  t h r o u g h  c e n t e r  fa t  m i g r a t i o n  in e n r o b e d  
p r o d u c t s ,  add i t iona l  analys is  such  as G L C  f a t t y  acid, G L C  
i s o m e r  f a t t y  acid and  th in  l aye r  c h r o m a t o g r a p h y  is essent ia l .  

T h e  CBE b a n d  can be b r o a d e n e d ,  b u t  t he  m a x i m u m  
poss ib le  e r ro r  is increased .  Tab l e  V I I I  gives a c o m p a r i s o n  
o f  t he  CBE resul t s  given in T a b i e  VI  w i t h  t h o s e  ca lcu la ted  
us ing  t w o  a l te rna t ive  CBE bands ,  c o n s t r u c t e d  so t ha t  t he  
l o w e r  l ine r e m a i n e d  the  s a m e  wi th  the  u p p e r  line con-  
s t r u c t e d  as f o l l ows  - CBE b a n d  (a): Cs0 = 84.0%, 
Cs4 = 94.0%; CBE b a n d  (b) :  Cs0 = 90.0%, Cs4 = 100.0%. 
T h e  resu l t s  ind ica te  t h a t  i t  is poss ib le  fo r  a w ide r  b a n d  to  

Comparison o f  CBE Results 

CBE results given in CBE results using CBE CBE results using CBE 
Table V1 band (a) band (b) 

CBE in CBE in CBE in CBE in CBE in CBE in 
Samples fat phase chocolate fat phase chocolate fat phase chocolate 

Fatb lend 
1 19 .7±4 .0  -- 19 .7±4 .0  - 19 .7±4 .0  -- 
2 15 .1±3 .6  -- 14 .0±3 .9  -- 13 .3±4 .6  -- 
3 15 .5±3 .7  -- 14 .8±4 .2  -- 14 .0±5 .0  -- 
4 12 .1±2 .5  - 12 .1±2 .5  -- 12 .1±2.5  -- 
5 18 .2+3 .2  - 17 .5±4 .7  -- 16 .5±5 .6  -- 
6 14 .6±3 .2  -- 13 .5±3.5  -- 12 .8±4 .3  -- 
7 13 .0±3.3  -- 12 .2±3 .6  -- 11 .5±4.5  -- 

Chocolate 
1 20 .3±4 .6  6 . 2 ± 1 . 4  19 .4±4 .7  6 . 0 ± 1 . 4  18 .4±6 .7  5 .6±2 .1  
2 15 .2±3 .9  4 . 7 ± 1 . 2  14 .7±4.5  4 . 5 ± 1 . 4  13 .9±5 .7  4 . 3 ± 1 . 8  
3 15 .5±3 .7  4 .7±1 .1  14 .8±4.5  4 . 5 ± 1 . 4  14 .0±5.3  4 . 3 ± 1 . 6  
4 13 .0±3 .2  4 . 1 ± 1 . 0  12 .6±3 .8  4 . 0 ± 1 . 2  12 .6±3 .8  4 .O±1.2  
5 16 .8±3 .8  5 .2±1 .2  16 .2±4.5  5 . 0 ± 1 . 4  15 .3±5.1  4 . 7 ± 1 . 6  
6 15 .8±4 .0  4 .9±1 .3  15 .4±4 .7  4 . 8 ± 1 . 5  14 .6±5.5  4 . 5 ± 1 . 7  
7 20 .1±4 .2  6 .2±1 .3  19 .0±5.1  5 . 9 ± 1 . 6  18.0±6.1  5 .6±1 .9  
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be used, while stiI1 meeting the discussed CAOBISCO 
requirement of 5.0 + 2.0% CBE in the chocolate. 

Calculation of the CBE content  using the extreme cocoa 
butter  Csz values and the corresponding C5~ values for the 
CBE band intercepts expresses the results as percentages 
including the maximum possible errors. For  routine analysis, 
the calculation may be simplified by using only the mean 
Cs2 cocoa butter  value and the corresponding intercept 
values on a line running through the center of the CBE 
band. For  the example shown in Figure 2, for instance, 
values of 15.7% in the fat phase or 4.7% in the chocolate 
would result. If values greatly exceed 5.0% in the chocolate, 
the entire calculation procedure must be comple ted  to 
determine the maximum possible error. 
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APPENDIX 

Definition 

The following definition of vegetable fats has been drawn 

up for the purposes of the EEC directive: edible vegetable 
oils and fats are lipids obtained from vegetables, the pre- 
dominant  glycerides being triglycerides. 

They may contain small amounts of other components 
of lipids such as mono- and diglycerides, polar lipids, free 
fat ty acids and unsaponifiable matter.  

They may be fractionated, hydrogenated,  inter- or 
intraesterified and/or  refined. 

Analytical Criteria 

The vegetable fats for use in chocolate within the Com- 
munity must comply with the following analytical criteria 
in order to allow qualitative and quantitative control: 
(a) Level of triglycerides type SOS >/65%. 
(b) Fractions of the 2-position of triglycerides, occupied 

by unsaturated fatty acids,/> 85%. 
(c) Total content  of unsaturated fat ty acids, ~< 45%. 
(d) Unsaturated fat ty acids with 2 or more double bonds ,  

~< 5% (this figure is included in [c] ). 
(e) Level of lauric acid, ~< 1%. 
(f) Level of t r a n s  fatty acids, ~< 2%. 

Work is continuing on certain of these analyucal criteria 
and if this leads to any proposed changes in the figures now 
indicated, the EC Commission will be informed. 

Level of Use and Declaration 

The use of added vegetable fats should be limited to 5% of 
the total weight of chocolate in the product.  The presence 
of added vegetable fats should be indicated in the list of 
ingredients. (CAOBISCO has already accepted that a full 
declaration of ingredients should be applied to chocolate 
products, in accordance with the provisions of the labelling 
directive.) 

#,Gas Chromatographic Separation of Long-Chain 
Fatty Nitriles and Long-Chain Acid Amides 
C.N. WANG and L.D. METCALFE, Akzo Chemie America*, Research Laboratories, 
8401 W. 47th Street, McCook, I L 60525 

ABSTRACT 

A method is described for the chromatographic separation of long- 
chain fatty nitriles and long-chain acid amides on a cyanopropyl 
silicone column. We found that better separations were obtained for 
these compounds using a cyano column than with any column 
previously reported. 

INTRODUCTION 

The long-chain nitriles are neutral materials and are easily 
chromatographed on many types of columns. Apiezon, 
silicone type and Carbowax 4000 monostearate have been 
reported to give excellent separations (1,2). If the separa- 
tion of saturates from unsaturates and polyunsaturates is 
desired, a polyester  column can be used (3-5). The nitrile 
group is highly electronegative, probably the most polar of 
all functional groups, and this polarity becomes apparent  
when a separation is made on polar and nonpolar type 
columns, On a DEGS column, the retention time for a 
nitrile of a given chain length is almost double that  for a 
methyl  ester of equal chain length. From this observation, 
one would predict  that  liquid phases containing nitriles 
would be useful, highly polar substrates. This observation 

* Formerly Armak Company. 

has been verified by Tenny and others (6-8). 
In order to obtain rapid separations of nitriles without  

losing the valuable saturate-unsaturate separation, phos- 
phoric acid treated polyesters are useful (4). However, the 
limited resolution of saturates and unsaturates, as well as 
the retention time of  this column, does not  offer the opti- 
mum condition for nitrile separations. The described 
cyanopropylsil icone column, as predicted earlier, will give 
superior separation of fat ty  nitriles by gas chromatography. 

Long-chain acid amides derived from fat ty acids are 
high-melting, waxlike substances. They are used in many 
commercial applications. These materials have a very low 
degree of volatility. One would not  generally consider the 
amides as suitable samples for gas chromatographic analysis. 
Considerable research effort has been made to chromato- 
graph these compounds. The amides have been separated on 
Apiezon L-KOH columns (9). Amides have also been re- 
solved on the Versamid 900 column (10). The trifluoro- 
acetyl derivatives of  fat ty  amides have been made and sepa- 
rated (11). Short-chain amides have been resolved on the 
Dowfax 9N9 column (12). When unsubsti tuted amides are 
chromatographed on a DEGS (13,14) and a polyester 
phosphoric acid column, the peaks that emerge are reported 
to be nitriles resulting from on-column dehydrat ion of the 
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