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THE USE OF HPLC TO SEPARATE TRIGLY- 
CERIDES IN CONFECTIONERY FATS 
USING ULTRA VIOLET DETECTION 

W. P .  Edwards 
Group Products Research and Development 

Rowntree Mackintosh plc 
Haxby Road 

York YO1 l X Y ,  England 

ABSTRACT 

The t r i g l y c e r i d e s  of c o n f e c t i o n e r y  f a t s  have been 
s e p a r a t e d  by r e v e r s e  phase  HPLC u s i n g  m i x t u r e s  of e i t h e r  
a c e t o n i t r i l e  and t e t r a h y d r o f  u r a n  or a c e t o n i t  r i l e  and 
m e t h y l  t e r t i a r y  b u t y l  e t h e r  u s i n g  W d e t e c t i o n  a t  237 
nanometree.  The method h a s  been a p p l i e d  to samples  of 
cocoa b u t t e r ,  cocoa b u t t e r  e q u i v a l e n t s ,  m i l k  f a t  and 
o t h e r  v e g e t a b l e  f a t s .  The f a t  from a mi lk  c h o c o l a t e  h a s  
been s e p a r a t e d  by t h e  above  system. 

INTRODUCTION 

The r e v e r s e d  phase  HPLC c o l u m  h a s  r a p i d l y  become 

t h e  nrethod of c h o i c e  f o r  mst HPLC s e p a r a t i o n s .  T h i s  

t y p e  of column offers  s t a b i l i t y  and s e l e c t i v i t y  i n  a way 
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2626 EDWARDS 

t h a t  few a l t e r n a t i v e s  can compete with.  A number of 

au tho r s  have used r eve r sed  phase HPLC t o  s e p a r a t e  f a t s  

(1 ,  2 ,  3, 4, 5). A p a r t i c u l a r  problem of f a t  HPLC is 
t h a t  most f a t s  are l a r g e l y  s a t u r a t e d  and do n o t  have 

s t r o n g  absorbance8 in t h e  u l t r a  v i o l e t .  Some a u t h o r s  have 

used systems u s i n g  r e f r a c t i v e  index  d e t e c t i o n  t o  surmount 

t h i s  problem. While r e f r a c t i v e  index  d e t e c t i o n  can be 

s a t i s f a c t o r y  f o r  a number of s e p a r a t i o n s  and can be made 

t o  work s a t i s f a c t o r i l y  on isocratic s e p a r a t i o n s  t h e  

i m p o s s i b i l i t y  of u s i n g  r e f r a c t i v e  index  d e t e c t i o n  and 

g r a d i e n t  e l u t i o n  means t h a t  i t  is very uuch h a r d e r  to 

develop methods for  a s e p a r a t i o n  where r e f r a c t i v e  index  

d e t e c t i o n  is used. Bear ing  t h i s  In mind, it is a 

c o n s i d e r a b l e  advantage  to  u s e  u l t r a  v i o l e t  d e t e c t i o n  at  

least in t h e  methods development s t age .  I f  u l t r a  v i o l e t  

d e t e c t i o n  I s  t o  be used in f a t  HPLC it is necessa ry  t o  

f i n d  s o l v e n t s  i n  which t h e  f a t  w i l l  d i s s o l v e ,  and, are 

s t i l l  t r a n s p a r e n t  t o  u l t r a  v i o l e t  l i g h t .  Some a u t h o r s  

have used ace tone  88 a major component of t h e i r  so lven t .  

This  is, of cour se ,  t o t a l l y  incompa t ib l e  wi th  t h e  u s e  

of u l t r a  v i o l e t  d e t e c t i o n .  I n  t h i s  work i t  has been 

found t h a t  by u s i n g  mix tu res  based on 60% a c e t o n i t r i l e  

and 40% of e i t h e r  t e t r a h y d r o f u r a n  (THY) or methyl  

t e r t i a r y  b u t y l  e t h e r  (MTBE) It is p o s s i b l e  to  detect t h e  

t r i g l y c e r i d e s  at  237 nanometres.  T h i s  sort of wavelength 

makes less requ i r emen t s  of t h e  s o l v e n t  system and is less 

s u s c e p t i b l e  t o  i n t e r f e r e n c e  from small q u a n t i t i e s  of 

a romat ic  i m p u r i t i e s  t han  s h o r t e r  wavelengths .  One 

problem i n  u s i n g  THF is t h a t  a l though t h i s  material 
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TRIGLYCERIDES IN CONFECTIONERY FATS 2621 

i t s e l f  is r e a s o n a b l y  t r a n s p a r e n t  i n  t h e  u l t r a  v i o l e t  t h e  

material is normal ly  s u p p l i e d  w i t h  a n  a n t i - o x i d a n t ,  s u c h  

as b u t y l a t e d  h y d r o x y a n i s o l e  (BHA) . T h i s  material is a 

s t r o n g  UV a b s o r b e r ,  and is normal ly  i n c o r p o r a t e d  i n t o  t h e  

THF t o  act as a n  a n t i - o x i d a n t  and  t o  p r e v e n t  t h e  

f o r m a t i o n  of p e r o x i d e s .  THF t o  be used  w i t h  u l t r a  v i o l e t  

d e t e c t i o n  s h o u l d  be of a g r a d e  d e v o i d  of s u c h  a d d i t i v e s .  

U n f o r t u n a t e l y  i n  t h i s  form THF is u n s t a b l e  and r e a d i l y  

forms  p e r o x i d e s ,  t h i s  has  a number of consequences .  The 

THF must be k e p t  under  an  i n e r t  gas, s u c h  as n i t r o g e n  or 

he l ium,  and t h e  f o r m a t i o n  of p e r o x i d e s  r e d u c e s  i t s  

t r a n s p a r e n c y  t o  u l t r a  v i o l e t  l i g h t ,  a l so  i t  is e x t r e m e l y  

h a z a r d o u s  t o  r e c o v e r  material from u n s t a b i l i s e d  THF 

because  of t h e  r i s k  of e x p l o s i o n s  from t h e  p e r o x i d e s .  

Another  problem i n  t h e  u s e  of  THF is its great s o l v e n t  

power f o r  p l a s t i c  materials. The HPLC used nust n o t  

c o n t a i n  any i n c o m p l e t e l y  f l u o r i n a t e d  material which w i l l  

d i s s o l v e  i n  THF. Some HPLC pumps have v a l v e s  which 

c o n t a i n  such  material and are u n s u i t a b l e  f o r  u s e  w i t h  THF. 

The S p e c t r a  P h y s i c s  WLC used i n  t h i s  work is p a r t i c u l a r l y  

s u i t a b l e  f o r  u s e  w i t h  THF, s i n c e  t h e  pump o n l y  c o n t a i n s  

s t a i n l e s s  s teel ,  ruby and  PTFE and t h e  h e l i u m  d e g a s  s y s t e m  

i n  t h i s  i n s t r u m e n t  p r o v i d e s  an e x t r e m e l y  c o n v e n i e n t  method 

of k e e p i n g  oxygen o u t  of t h e  THF. The methyl  t e r t i a r y  

b u t y l  e t h e r  was i n v e s t i g a t e d  because  i t  was hoped to  have 

t h e  b e n e f i c i a l  s o l v e n t  p r o p e r t i e s  of THF w i t h  none of t h e  

concommitent d i s a d v a n t a g e s .  

The column used i n  t h i s  work s h o u l d  be a h i g h l y  

hydrophobic  material (6 ) .  The per formance  i n  t h i s  t y p e  
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2628 EDWARDS 

of work where t h e  s o l v e n t  used is e n t i r e l y  non aqueous 

is e n t i r e l y  d i f f e r e n t  t o  t h a t  ob ta ined  i n  t h e  u s u a l  

wa te r  m t h a n o l  or water a c e t o n i t r i l e  mixtures .  The non 

aqueous s o l v e n t s  used i n  t h i s  type of chromatography 

are, of cour se ,  cons ide rab ly  less p o l a r  t han  t h e  water 

based mix tu res  mentioned p r e v i o u s l y .  For t h i s  reason  a 

C l l l  t ype  material, p r e f e r a b l y  wi th  a heavy l o a d i n g  of 

o rgan ic  groups ,  is much t o  be p r e f e r r e d .  Otherwise  

t h e r e  is a c t u a l l y  a r i s k  t h a t  t h e  column could  be less 

p o l a r  than  t h e  s o l v e n t  mixture  being used.  

As t h i s  t ype  of column s e p a r a t e s  e s s e n t i a l l y  by a 

p a r t i t i o n  rat h e r  t han  a b s o r b  t i o n  mechanism, t h e  

s e p a r a t i o n  of a s s y m e t r i c  from s y m e t r i c  t r i g l y c e r i d e s  is 

not  t o  be expec ted .  But,  the  degree  of r e s o l u t i o n  

a v a i l a b l e  should  enab le  s e p a r a t i o n s  t o  be performed of 

t r i g l y c e r i d e s  on a basis of e q u i v a l e n t  carbon number and 

even w i t h i n  each e q u i v a l e n t  carbon number (7) .  

METHODS 

A l l  t h e  samples  under s t u d y  were d i s s o l v e d  i n  t h e  

less p o l a r  s o l v e n t ,  t h a t  is e i t h e r  THF o r  MTBE. The 

r e s u l t i n g  s o l u t i o n  was then f i l t e r e d  u s i n g  a Gelman 

s c i e n c e s  0.45 micron CK t ype  PTFE f i l t e r .  The f i l t e r e d  

s o l u t i o n  w a s  t hen  i n j e c t e d  i n  t o  the  chromatograph. The 

c h o c o l a t e  samples were prepared by d i s s o l v i n g  t h e  

choco la t e  e i t h e r  i n  THF o r  MTBE and t h e  r e s u l t i n g  

s o l u t i o n  was a g a i n  f i l t e r e d  a s  p rev ious ly .  
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TRIGLYCERIDES IN CONFECTIONERY FATS 2629 

MATERIALS 

The THF and MTBE were o b t a i n e d  e i t h e r  f rom F i s o n s  

or f rom Kathburn Chemica ls  Ltd.  The p u r e  t r i g l y c e r i d e  

s t a n d a r d s  were o b t a i n e d  from Appl ied  S c i e n c e  

l a b o r a t o r i e s .  The f i l t e r s  were o b t a i n e d  from Celman 

S c i e n c e s  Ltd.  The column was a 25 c m  x 4.6 c m  column 

s u p p l i e d  by Chrompack, packed w i t h  CP C18 t e n  micron.  

APPAKATUS 

The chromatograph  used was a S p e c t r a - P h y s i c s  SP8OOO 

u s e d  w i t h  an  SP8400 W / v i s i b l e  d e t e c t o r .  The SPllOOO was 

e q u i p p e d  f o r  g r a d i e n t  e l u t i o n  and w i t h  a h e l i u m  d e g a s  

system. It was a l s o  equipped  t o  u s e  t h e  SP8400 t o  s c a n  

p e a k s  i f  n e c e s s a r y .  Also  t h e  SPllOOO d a t a  s y s t e m  was 

i n s e r  t ed  . 
RESULTS 

F i g u r e  1 shows a sample of cocoa b u t t e r  r u n  u s i n g  a 

m i x t u r e  of a c e t o n i t r i l e  and THF. The t h r e e  major 

t r i g l y c e r i d e  peaks  can  c l e a r l y  be s e e n  c f  (1). F i g u r e  2 

shows a chromatogram of a s t a n d a r d  sample of g l y c e r o l  

1 ,3  d i p a l m i t o y l - 2 - o l e a t e  (POP).  The peak n e a r  15 

m i n u t e s  is l i k e l y  t o  be POP. I n t e r e s t i n g l y ,  t h e  

s t a n d a r d  material  a p p a r e n t l y  c o n t a i n s  t h e  same i m p u r i t y  

as  t h e  e q u i v a l e n t  peak i n  t h e  cocoa  b u t t e r  p o s s i b l y  

having  been p r e p a r e d  from t h a t  s o u r c e .  In ( 1 )  a similar 
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a a . a 

15 17 19 21 23 
b 

M I N U T E S  
FIGURE 1 
Example of cocoa butter run using 602 
acetonitrile, 40X THF at 1 ml/minute. 
Column Chrompack C18 25 cm x 4.6 mm 
wavelength 237 nm. 

9 11 13 15 17 
M I N U T E S  

FIGURE 2 
Glycerol-2-oleat-l,3 dipalmitate, 
conditions as figure 1. 
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TRIGLYCERIDES IN CONFECTIONERY FATS 263 1 

peak was i d e n t i f i e d  as  a g l y c e r o l  p a l m i t o y l  d i o l e a t e .  

F i g u r e  3 shows a chromatogram of g l y c e r o l - 2 - o l e a t - 1 , 3 -  

d i s t e a r a t e  from which i t  c a n  be deduced t h a t  t h i s  

material  is t h e  t h i r d  major peak i n  cocoa b u t t e r .  These  

r e s u l t s  are v e r y  similar to t h o s e  i n  (1)  which were 

o b t a i n e d  on a d i f f e r e n t  column w i t h  a n  

a c e t o n e / a c e t o n i t r i l e  m o b i l e  phase  and re f  r a c t i v e  i n d e x  

d e t e c t i o n .  F i g u r e s  4 ,  5 ,  6 and 7 show chromatograms of 

v a r i o u s  f a t s  sold as cocoa b u t t e r  e q u i v a l e n t s  (CBEs). 

These f a t s  have p h y s i c a l  p r o p e r t i e s  v e r y  similar t o  

cocoa b u t t e r  but  d i f f e r  i n  t h e  ra t ios  of t h e  d i f f e r e n t  

t r i g l y c e r i d e s  as can be s e e n .  F i g u r e  8 shows a n o t h e r  

cocoa b u t t e r  and g i v e s  some i d e a  of t h e  s o r t  of 

v a r i a b i l i t y  i n h e r e n t  i n  cocoa b u t t e r  c f  (4) .  F i g u r e  9 

shows t h e  same cocoa b u t t e r  as i n  8 r u n  i n  a m i x t u r e  of 

a c e t o n i t r i l e  60%, MTBE 40%. I f  t h i s  chromatogram is 

compared w i t h  f i g u r e  ( 1 )  i t  can be s e e n  t h a t  v e r y  

similar r e s u l t s  can be o b t a i n e d  by s u b s t i t u t i n g  MTBE f o r  

THF. F i g u r e  10 shows a t o f f e e  f a t  run i n  t h e  same 

s o l v e n t  as F i g u r e  9,  t h i s  g i v e s  q u i t e  a d i f f e r e n t  

chromatogram as i t  has  a t o t a l l y  d i f f e r e n t  p a t t e r n  of 

t r i g l y c e r i d e s .  F i g u r e  I 1  shows t h e  p a t t e r n  of b u t t e r  

f a t  which is r a d i c a l l y  d i f f e r e n t .  F i g u r e  12 is t h e  f a t  

r e c o v e r e d  from a m i l k  c h o c o l a t e  run i n  t h e  

T H F / a c e t o n i t r i l e  s o l v e n t .  T h i s  c l e a r l y  shows t h e  cocoa 

b u t t e r  t r i g l y c e r i d e s  and t h e  material from the b u t t e r  

f a t  p r e s e n t .  Some of t h e  e a r l y  peaks are l i k e l y  to  be 

i n t e n s e l y  u l t r a v i o l e t  a b s o r b i n g  material from the 

c h o c o l a t e .  
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13 15 17 19 2 1  
MINUTES 

F I G U R E  3 
Glycerol-Z-oleat-l,3-distearate conditions 
as figure 1. 

13 15 17 19 21 23 
M I N U T E S  

F I G U R E  4 
A Cocoa Butter Equivalent (CBE), 
conditions as figure 1. 
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b . 1 J 

13 15 17 19 21 23 25 
MINUTES 

FIGURE 5 
A Cocoa B u t t e r  Equiva lent  (CBE) 

. a a 1 1 

13 15 13 19 21 23 
M I N U T E S  

FIGURE 6 
Another CBE,  c o n d i t i o n s  as f i g u r e  1 .  
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11 13 15 17 19 21 23 
M I N U T E S  

FIGURE 7 
A CBE, conditions as figure 1 .  

M I N U T E S  
FIGURE 8 
Another cocoa butter, conditions as figure 
1 .  
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TRIGLYCERIDES IN CONFECTIONERY FATS 2635 

MINUTES 
FIGURE 9 
The same cocoa b u t t e r  as i n  f i g u r e  8 r u n  in 60X 
ace ton i t r i l e ,  40% MTBE, o t h e r  c o n d i t i o n s  as f i g u r e  1. 

DISCUSSION 

k v e r s e d  p h a s e  HPLC c a n  c l e a r l y  s e p a r a t e  

t r i g l y c e r i d e s  of t h e  t y p e  used i n  c o n f e c t i o n e r y  f a t s  

r e l a t i v e l y  e a s i l y .  T h i s  o f f e r s  a c o n s i d e r a b l e  a b i l i t y  

to  t h e  c o n f e c t i o n e r y  c h e m i s t  t o  d i s c r i m i n a t e  between 

d i f f e r e n t  c o n f e c t i o n e r y  f a t s  and even  between d i f f e r e n t  

samples  of t h e  same c o n f e c t i o n e r y  f a t .  An i m p o r t a n t  

a d v a n t a g e  of HPLC as a t e c h n i q u e  is t h a t  i t  is p o s s i b l e  

t o  s e p a r a t e  material p r e p a r a t i v e l y .  U n f o r t u n a t e l y  t h i s  

is p a r t i c u l a r l y  d i f f i c u l t  to  a c h i e v e  when working w i t h  

u n s t a b i l i s e d  THF. It was w i t h  t h i s  problem i n  mind t h a t  
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MINUTES 
FIGUKE 10 
A toffee fat run as i n  figure 9 .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
2
2
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



TRIGLYCERIDES IN CONFECTIONERY FATS 2631 

8 - 4 

1 3 5 7 9 11 13 15 17 19 2 1  23 2 5 2 7  29 
M I N U T E S  

FIGURE 11 
B u t t e r f a t  r u n  as I n  f i g u r e  10. 

t h e  u s e  of MTBE was c o n s i d e r e d  as a s u b s t i t u t e  f o r  THF. 

MTBE h a s  c o n s i d e r a b l e  working a d v a n t a g e s  i n  t h i s  work as 

I t  I s  s t a b l e ,  and does not  r e q u i r e  t h e  u s e  of an i n e r t  

g a s  b l a n k e t .  Nor does  Its UV a b s o r b t l o n  i n c r e a s e  on 

storage,  a l so  i t  may r e a d i l y  and s a f e l y  be r e c o v e r e d  

from p r e p a r a t i v e  samples .  I t  was found In t h i s  work 

t h a t  MTBE was a s u i t a b l e  rep lacement  f o r  THF. 
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. 
i 3 5 7 9 11 13 i s  17 19 21 23 

M I N U T E S  
FIGURE 12 
Fa t  from a milk c h o c o l a t e  run  as f i g u r e  1. 

CONCLUSIONS 

The s e p a r a t i n g  power of r eve r sed  phase HPLC using 

non-aqueous s o l v e n t s  and UV d e t e c t i o n  has  s u c c e s s f u l l y  

been a p p l i e d  t o  s e p a r a t i n g  t r i g l y c e r i d e s  i n  

confec t ione ry  f a t s .  

r equ i r ed .  

t o  THF f o r  t h i s  work. 

Very minimal sample p r e p a r a t i o n  is 

MT.BE is a s a f e  and s a t i s f a c t o r y  a l t e r n a t i v e  

Note - 
I n  t h i s  work stearic a c i d  is t h e  C1tl:O f a t t y  a c i d ,  

p a l m l t i c  acid is t h e  C16:O f a t t y  a c i d  and o l e i c  a c i d  is 
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t h e  C18:l-cis 9 f a t t y  a c i d .  I n  r e f e r r i n g  t o  

t r i g l y c e r i d e s  stearic is a b b r e v i a t e d  t o  S. P a l m i t i c  t o  

P and o le ic  to  0.  
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