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COMPARATIVE HPLC AND GLC 
DETERMINATION OF CAFFEINE 
IN DIFFERENT FOOD PRODUCTS 

F. J. MUHTADI,  S. S. EL-HAWARY, 
A N D  M. S. HIFNAWY 

Department o f  Pharmacognosy 
College o f  Pharmacy 

King Saud University 
Riyadh, Saudi Arabia 

ABSTRACT 

Two chromatographic (HPLC and GLC) methods a r e  d e s c r i b e d  f o r  
d i r e c t  a n a l y s i s  of c a f f e i n e ,  and some r e l a t e d  xanth ine  d e r i v a t i v e s  
i n  v a r i o u s  k inds  of  food products  and beverages. For HPLC, a 10 
uCI8 r e v e r s e  phase column and f o r  GLC, a non p o l a r  OV17 column 
were used .  C a f f e i n e  a n d / o r  o t h e r  a l k a l o i d s  a r e  e f f e c t i v e l y  
e x t r a c t e d  w i t h  C H C 1 3  c o n t a i n i n g  5 %  i s o p r o p a n o l  f r o m  NH40H 
a l k a l i n i z e d  p r e p a r t i o n s .  The e x t r a c t  was used f o r  d i r e c t  a n a l y s i s  
by any  of t h e  proposed  methods.  B e t t e r  r e s o l u t i o n  and more 
s e n s i t i v i t y  a r e  achieved by t h e  HPLC procedure. D e t e c t a b i l i t y  i n  
both HPLC and GLC i s  a t  t h e  nanogram l e v e l s  and t h e  two methods 
c a n  be  a p p l i e d  f o r  c a f f e i n e  d e t e r m i n a t i o n  i n  d e c a f f e i n a t e d  
products  a s  wel l  a s  i n  minicof fee  t a b l e t s  and i n  beverages.  

INTRODUCTION 

C a f f e i n e - c o n t a i n i n g  p r o d u c t s  r e p r e s e n t  one of t h e  most  

popular  food formula t ions  a l l  over  t h e  wor ld  ( 1 ) .  C o n c e r n  a b o u t  

t h e  p o s s i b l e  a d v e r s e  h e a l t h  e f f e c t s  of c a f f e i n e  on t h e  consumer 
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1014 MUHTADI, EL-HAWARY, A N D  HIFNAWY 

h a s  r e s u l t e d  in t h e  d e v e l o p m e n t  o f  d e c a f f e i n a t e d  p r o d u c t s  

( c o n t a i n i n g  about  1-3% of t h e  o r i g i n a l  amount of c a f f e i n e ) .  

Many a n a l y t i c a l  approaches have been r e p o r t e d  f o r  t h e  a n a l y s i s  of 

c a f f e i n e  and o t h e r  r e l a t e d  xanth ine  a l k a l o i d s  ( t h e o p h y l l i n e  and 

t h e o b r o m i n e )  i n  b i o l o g i c a l  f l u i d s  and in c o f f e e ,  t e a  and cocoa 

p r o d u c t s  (1-26) .  Some GLC p r o c e d u r e s  i n v o l v e  e i t h e r  m u l t i p l e  

e x t r a c t i o n  s t e p s ,  d e r i v a t i z a t i o n  s t e p s ,  o r  u s e  o f  g a s  

c h r o m a t o g r a p h y  - m a s s  s p e c t r o m e t r y  ( 3 - 5 ) .  S e v e r a l  

s p e c t r o p h o t o m e t r i c  and HPLC methods have been developed f o r  t h e  

a n a l y s i s  of c a f f e i n e  o r  o t h e r  m e t h y l a t e d  x a n t h i n e s  in s p e c i a l  

mater ices ,  though r e p o r t e d  ( 6 )  t h a t  most of t h e s e  methods r e q u i r e  

a s p e c i f i c  p r e p a r a t i o n  of s a m p l e  and c o n s i d e r a b l e  t i m e  f o r  

completion. Bes ides ,  some of t h e  repor ted  methods cannot s e p a r a t e  

mixtures  of some xanth ine  a l k a l o i d s  in a r e a s o n a b l e  t ime p e r i o d  

(7-9) .  K l a s s e n  and S t a v r i c  ( 6 )  on t h e  o t h e r  hand, descr ibed  a n  

HPLC method f o r  r a p i d  a n a l y s i s  of c a f f e i n e  and s e v e n  of i t s  

m e t a b o l i t e s  in p l a s m a ,  u r i n e ,  m i l k  and s a l i v a  in a s i n g l e  

o p e r a t i o n  u s i n g  a 5uC18 r e v e r s e  p h a s e  c o l u m n .  C h l o r o f o r m -  

i sopropanol  (85: 15)  was t h e  s o l v e n t  used f o r  e x t r a c t i o n  of t h e s e  

compounds from t h e  i n v e s t i g a t e d  s a m p l e s .  O t h e r  methods  f o r  t h e  

HPLC d e t e r m i n a t i o n  of c a f f e i n e  i n  b i o l o g i c a l  f l u i d s  were a l s o  

devised  (10-13). 

As c o n c e r n i n g  f o o d  p r o d u c t s ,  many HPLC m e t h o d s ,  w e r e  

repor ted  f o r  t h e  a n a l y s i s  of i t s  c a f f e i n e  c o n t e n t ;  in c o f f e e ,  t e a ,  

b e v e r a g e s  and c h o c l a t e  p r e p a r a t i o n s  (1,14-17); in d e c a f f e i n a t e d  

i n s t a n t  c o f f e e  and t e a  (18,19) and in drugs (20-22). 
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CAFFEINE IN FOOD PRODUCTS 1015 

It was r e p o r t e d ,  however, t h a t  most of t h e  methods devised  

f o r  t h e  a n a l y s i s  of f o r m u l a t i o n s  w i t h  f u l l  c a f f e i n e  c o n t e n t ,  

cannot be r e l i a b l y  a p p l i e d  € o r  t h e  d e t e r m i n a t i o n  of  c a f f e i n e  i n  

d e c a f f e i n a t e d  products  due t o  t h e i r  much lower c a f f e i n e  conten t .  

An o f f i c i a l  AOAC method ( 2 )  and some o t h e r  methods ( 2 3 )  on t h e  

o t h e r  hand, e x i s t  f o r  de te rmina t ion  of c a f f e i n e  i n  d e c a f f e i n a t e d  

c o f f e e  only. 

The o b j e c t i v e  of t h i s  s tudy  i s  t o  d e v e l o p  a v e r s a t i l e  and 

a c c u r a t e  HPLC method f o r  t h e  d i r e c t  de te rmina t ion  of c a f f e i n e  and 

o t h e r  xanth ine  a l k a l o i d s  i n  food products ,  i n c l u d i n g  a l l  types  of 

c o f f e e ,  d i f f e r e n t  b r a n d s  of t e a  and c h o c l a t e  p r e p a r a t i o n s  , c o l a  

seeds  and s o f t  d r i n k s  supposed  t o  c o n t a i n  i t .  The r e s u l t s  a r e  

compared with those  obta ined  by GLC procedure. 

EXPERIMENTAL 

Apparatus: 

I A Water  A s s o c i a t e s  ( M i l f o r d ,  MA) Liquid Chromatograph was 

used f o r  t h e  HPLC a n a l y s i s .  The ins t rument  was equipped w i t h  

a 6000 A pump, U 6 K  i n j e c t o r ,  Lambda Max 481 Detec tor  and a M 

730 Data Module. A reversed-phase column (uBondapak c18,  8 

mm x 10  cm, lOu, W a t e r s  A s s o c i a t e s )  w a s  u s e d  f o r  t h e  

a n a l y s i s .  

I1 Gas Chromatograph  : Varian-Model  3700 w i t h  D u a l  F I D .  A 

c o i l e d  g l a s s  columns (1 .5  m x 4 rnrn i .d . )  packed w i t h  3% OV 

17 on chromosorb  W.H.P., 50-100 mesh was u s e d  f o r  t h e  

a n a l y s i s .  
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1016 MUHTADI, EL-HAWARY, A N D  HIFNAWY 

Food M a t e r i a l s  

29 D i f f e r e n t  food products  c o l l e c t e d  from t h e  l o c a l  market 

i n  Riyadh c i t y ;  t h e s e  i n c l u d e  9 t e a  b r a n d s ;  10 c o f f e e  b r a n d s  

(green  and r o a s t e d )  inc luding  i n s t a n t  s o l u b l e  c o f f e e ,  min icof fee  

t a b l e t s ;  2 d e c a f f e i n a t e d  i n s t a n t  c o f f e e ;  3 c h o c l a t e  p r o d u c t s ;  2 

types  of c o l a  seeds  and 2 kinds of s o f t  d r i n k s .  

Standard Alka lo ids  

C a f f e i n e ,  t h e o b r o m i n e  a n d  t h e o p h y l l i n e  w e r e  (BDH, 

Biochemicals) ,  d r i e d  i n  a vacuum oven a t  6OoC before  use. Standard 

c a f f e i n e  s o l u t i o n  was done by d i s s o l v i n g  25 mg i n  25 m l  CHC13 ( f o r  

GLC) o r  i n  10 m l  of t h e  mobile phase ( f o r  HPLC). 

METHODS 

Chromatographic Condit ions:  

I -w 
Severa l  p re l iminary  t r i a l s  f o r  HPLC s e p a r a t i o n  of c a f f e i n e ,  

t h e o p h y l l i n e  and theobromine were c a r r i e d  out .  Best r e s o l u t i o n  was 

a c h i e v e d  by u s i n g  a m o b i l e  phase  composed of a c e t o n i t r i l e  and 

water  wi th  2% a c e t i c  a c i d  w i t h  t h e  fo l lowing  g r a d i e n t  sequence: 

Time (min) Flow (ml/min) A c e t o n i t r i l e  Water 

i n i t i a l  2 . 0  10 90 

10 2 . 0  40 60 

15 2.0 10 90 

The UV d e t e c t o r  was a d j u s t e d  a t  274 nm. 
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CAFFEINE IN FOOD PRODUCTS 1017 

I1 - g 
D i f f e r e n t  c o n d i t i o n s  us ing  d i f f e r e n t  p o l a r i t y  co lumns  f o r  

t h e  d i r e c t  GLC s e p a r a t i o n  of t h e  t h r e e  xanth ine  a l k a l o i d s  were 

t r i e d .  The b e s t  c o n d i t i o n s  were achieved on t h e  non p o l a r  OV 17 

s t a t i o n a r y  phase under t h e  fo l lowing  o p e r a t i n g  c o n d i t i o n s :  

Column temperature  12OoC programmed t o  22OoC w i t h  a r a t e  of 

10'fmin; i n j e c t i o n  por t  and d e t e c t o r  tempera tures ,  25OoC; C a r r i e r  

Gas ,  N2 w i t h  a f l o w  of  40 mlfmin;  g a s e s  f o r  t h e  FID, H2 a t  30 

mlfmin and a i r  w i t h  300 mlfmin. 

Q u a l i t a t i v e  i d e n t i f i c a t i o n  i n  b o t h  t e c h n i q u e s  d e p e n d s  on 

r e t e n t i o n  time comparison with s t a n d a r d  x a n t h i n e  a l k a l o i d s  and by 

s p i k i n g  e a c h  s a m p l e  w i t h  t h e  e x p e c t e d  a l k a l o i d .  Q u a n t i t a t i v e  

a n a l y s i s  was c a r r i e d  out  by u s i n g  t h e  i n t e g r a t e d  a r e a  under each 

peak and t h e  p e r c e n t  of  e a c h  a l k a l o i d  was d e d u c e d  f r o m  t h e  

r e s p e c t i v e  s t a n d a r d  curve us ing  t h e  e x t e r n a l  s tandard  q u a n t i t a t i o n  

met hod. 

L i n e a r i t y  o f  b o t h  m e t h o d s  was t e s t e d  by i n j e c t i o n  of  

i n c r e a s i n g  amounts of t h e  s t a n d a r d  s o l u t i o n s ;  t h e  GLC method was 

l i n e a r  from 0.2 pg t o  10 ug c a f f e i n e  whi le  i n  HPLC, t h e  method was 

l i n e a r  from 0.3 pg t o  25 pg of t h e  a l k a l o i d .  

C a f f e i n e  c o n t e n t  i n  s e l e c t e d  f o o d  m a t e r i a l s  was a l s o  

determined by o t h e r  methods v i z .  s p e c t r o p h o t o m e t r i c  ( 2 4 )  non- 

aqueous t i t r a t i o n  (25)  and g r a v i m e t r i c  procedure (26) .  
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E x t r a c t i o n  Procedures:  

MUHTADI, EL-HAWARY, A N D  HIFNAWY 

I - For S o l i d  M a t e r i a l s :  

Accurately weigh 2 g of powdered m a t e r i a l  ( d i f f e r e n t  brands 

of t e a ,  c o f f e e ,  c o l a  seeds  and c h o c l a t e )  i n t o  a 25 m l  beaker. Add 

about  2 m l  NH40H (1:2)  dropwise and mix thoroughly t o  moisten t h e  

powder. Leave f o r  30 min and pack t h r o u g h  a s m a l l  e x t r a c t i o n  

t h i m b l e  o r  i n  s m a l l  f i l t e r  p a p e r  i n t o  a s m a l l  soxhle t .  E x t r a c t  

cont inuous ly  wi th  chloroform c o n t a i n i n g  5% i sopropanol  (50 ml) f o r  

about  40 min. F i l t e r  and d i s t i l l  t h e  s o l v e n t  a t  low tempera ture ,  

under reduced pressure .  Dissolve t h e  r e s i d u e  i n  pure chloroform,  

t r a n s f e r  t o  a 25 m l  vo lumetr ic  f l a s k  and complete t o  volume w i t h  

t h e  same solvent .  

For minicof fee  t a b l e t s ,  weigh a c c u r a t e l y  two t a b l e t s ,  g r i n d  

a l k a l i n i z e  with d i l u t e  NH40H and proceed a s  ment ioned  above f o r  

e x t r a c t i o n  of t h e  a l k a l o i d s .  

I1 - For S o f t  Drinks: 

Measure a c c u r a t e l y  50 a1 of  t h e  p r o d u c t  i n t o  a 250 m l  

s e p a r a t i n g  f u n n e l ,  render  a l k a l i n e  ( t o  pH 8-9 us ing  pH paper )  w i t h  

ammonia s o l u t i o n  and e x t r a c t  w i t h  c h l o r o f o r m  c o n t a i n i n g  5% 

isopropanol  ( 3  x 100 ml). Wash t h e  e x t r a c t  w i t h  few m l s  of water  

and dehydrate  by f i l t e r i n g  over anhydrous sodium s u l f a t e .  D i s t i l l  

t h e  s o l v e n t  u n d e r  reduced p r e s s u r e ,  d i s s o l v e  t h e  r e s i d u e  i n  few 

m l s  of c h l o r o f o r m ,  t r a n s f e r  t o  a 10 a1 v o l u m e t r i c  f l a s k  and  

complete t o  volume wi th  t h e  same solvent .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
4
9
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



CAFFEINE IN FOOD PRODUCTS 1019 

F o r  GLC a n a l y s i s ,  i n j e c t  a l i q u o t  volumes of t h e  prepared 

s o l u t i o n s  (from 0.2 t o  2 111) so a s  t o  b r i n g  t h e  peak h e i g h t  of 

c a f f e i n e  w i t h i n  2 1 3  of t h e  chromatographic paper. 

For HPLC a n a l y s i s ,  d i s t i l l  10 m l  of t h e  prepared s o l u t i o n  of 

t h e  s o l i d  m a t e r i a l s  ( e q u i v a l e n t  t o  0.8 g powder) o r  t h e  10 m l  of 

t h e  s o f t  d r i n k  e x t r a c t ,  d i s s o l v e  t h e  r e s i d u e  i n  10 m l  of t h e  

mobile phase; use 5 u l  f o r  t h e  a n a l y s i s .  

The c a f f e i n e  conten t  was c a l c u l a t e d  i n  gX f o r  s o l i d  samples 

and i n  mgX f o r  l i q u i d  samples. 

Recovery s tudy  

Add proper volume of t h e  c a f f e i n e  s t a n d a r d  s o l u t i o n  t o  each 

s a m p l e  s o  t h a t  c a f f e i n e  c o n t e n t  of  s p i k e d  s a m p l e  w i l l  

approximately double. Determine c a f f e i n e  c o n t e n t  of sp iked  sample 

( i n  t r i p l i c a t e )  by b o t h  t e c h n i q u e s  a s  d e s c r i b e d  a b o v e  and 

c a l c u l a t e  percent  recovery (Table  1). 

RESULTS AND DISCUSSION 

The adopted HPLC c o n d i t i o n s  showed much b e t t e r  r e s o l u t i o n  of 

t h e  t h r e e  a l k a l o i d s  when compared by GLC a s  i t  i s  e v i d e n t  f r o m  

Fig. 1 & 2. 

On t h e  o t h e r  -hand,  t h e  r e c o v e r y  s tudy  (Table  1) revea led  

q u a n t i t a t i v e  recovery (99-104%) by t h e  HPLC p r o c e d u r e ;  by G L C ,  

however ,  t h e  r e c o v e r y  was l o w e r  ( 8 0 - 9 5 % ) ,  a f a c t  which can  be 
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MUHTADI, EL-HAWARY, A N D  HIFNAWY 

4 8 10 12 ( m i n . )  

1. CLC of s tandard  mixture  of  C a f f e i n e ,  
Theobromine and Theophyl l ine 
Column, c o i l e d ,  g l a s s  1 .5  m X 4 mm i . d .  
packed wi th  3% OV 1 7  on Chromosorb W . H . P . ,  
temp. 1 2 0 ' ~  programmed, 1O0/min. t o  2 4 0 ' ~ ;  
C a r r i e r  gas ,  N2 with  40 ml/min; d e t e c t o r ,  
FID a t  250'c. 
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CAFFEINE IN FOOD PRODUCTS 1021 

0 2 4 6 8 ( m i n . )  
I .  

Fig.  2 .  HPLC chromatogram of s tandard  mixture  
of  Caf fe ine ,  Theobromine and Theophyl l ine.  

Column : p Bondapak C I 8 ,  10 cm X 8 mm i . d . ;  
mobile phase, g r a d i e n t  composed o f  a c e t o n i t r i l e /  
water  with 2% a c e t i c  a c i d ;  g r a d i e n t  sequence i s  shown 
i n  t h e  t e x t ;  d e t e c t o r  UV a t  274 nm. 
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TABLE 1 

Comparative Recovery % of Caffe ine  
(Resul t s  a r e  t h e  average of d e t e r m i n a t i o n s  in t r i p l i c a t e )  

mg Found Recovery % 
mg added HPLC GLC HPLC GLC 

10 9.9 8 99 80 
20 20.1 18 100.05 90 
40 40.0 38 100 95 
50 50.2 47 100.4 94 
70 69.9 66 99.85 94 
80 80.01 75 100.01 93.75 
100 100.1 80 100.1 80 

a t t r i b u t e d  t o  t h e  d e t e c t o r  response and/or  t o  t h e  r e l a t i v e l y  poor 

r e s o l u t i o n  of t h e  e l u t e d  components. 

Table  2 shows a comparative d e t e r m i n a t i o n  of c a f f e i n e  by t h e  

proposed  HPLC and GLC methods and by s p e c t r o p h o t o m e t r i c ,  non- 

aqueous t i t r a t i o n  and g r a v i m e t r i c  procedures .  

In HPLC, t h e  p r e c i s i o n  of t h e  method was e s t i m a t e d  by 

a n a l y s i n g  six s a m p l e s  of  r o a s t e d  c o f f e e  and us ing  t h e  e x t e r n a l  

s tandard  where t h e  r e l a t i v e  s tandard  d e v i a t i o n  f o r  c a f f e i n e  was 

found t o  be  1.5%. Moreover ,  t h e  r e c o v e r y  of t h e  a n a l y t i c a l  

procedure was good (99-104%). The method proved adequate  s e n s i t i v e  

f o r  t h e  de te rmina t ion  of c a f f e i n e  in t h e  samples s tud ied .  

However, GLC and non aqueous t i t r a t i o n  gave  l o w e r  r e s u l t s  

poss ib ly  due t o  t h e  v a r i a t i o n  i n  d e t e c t o r  response and presence of 

i n t e r f e r i n g  s u b s t a n c e s  r e s p e c t i v e l y  whi le  t h e  s p e c t r o p h o t o m e t r i c  

and g r a v i m e t r i c  methods gave i n  c e r t a i n  s a m p l e s  h i g h e r  r e s u l t s ,  

p o s s i b l y  due t o  t h e i r  non s p e c i f i c i t y .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
4
9
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



CAFFEINE IN FOOD PRODUCTS 1023 

TABLE 2 

Comparative Determinat ions of  Caf fe ine  
( R e s u l t s  a r e  t h e  average of de te rmina t ions  i n  t r i p l i c a t e )  

C a f f e i n e  % 
Sample HPLC GLC Spectro.  Non aq. Grav. 

Tea brand 3.3 2.4 3.5 2.6 3.25 

Coffee (green)  1.0 0.98 1.15 0.9 1.40 

Coffee ( r o a s t e d )  2.06 2.00 2.06 1.98 2.35 

Kola seeds  ( f r e s h )  1.7 1.35 1.69 1.21 1.30 

It is i n t e r e s t i n g  t o  r e p o r t  t h a t  t h e  used s o l v e n t  (ch loro-  

form c o n t a i n i n g  5% i s o p r o p a n o l )  was found t o  be e f f i c i e n t  and 

somewhat s p e c i f i c  f o r  e x t r a c t i o n  of t h e  xanth ine  a l k a l o i d s  f r e e  

from o t h e r  non a l k a l o i d a l  contaminants. The so  o b t a i n e d  e x t r a c t  

can be d i r e c t l y  a p p l i e d  t o  both  chromatographic  techniques  wi thout  

t h e  need f o r  any  f u r t h e r  p u r i f i c a t i o n  s t e p s  ( c . f .  p r e v i o u s l y  

r e p o r t e d  methods). 

From t h e  d a t a  c i t e d  i n  Table  3 ,  i t  i s  e v i d e n t  t h a t  t h e r e  i s  

a v a r i a t i o n  of c a f f e i n e  c o n t e n t s  i n  t h e  d i f f e r e n t  brands ;  be ing  

from 1.3-3.3% i n  t e a  samples; 0.76-1.00% i n  g r e e n  c o f f e e ;  1.0- 

2.06% i n  r o a s t e d  c o f f e e ;  2.52% i n  minicof fee  t a b l e t s ;  0.01-0.08% 

i n  d e c a f f e i n a t e d  c o f f e e  s a m p l e s  ( T h i s  r a n g e  v a l u e s  may be d u e  

e i t h e r  t o  d i f f e r e n c e s  i n  v a r i e t i e s  of tea l e a v e s  o r  c o f f e e  beans 

o r  t o  d i f f e r e n c e s  i n  e x t r a c t i o n  r a t e s ) ;  1.9% i n  a i r - d r i e d  k o l a  

seeds  and 1.7% i n  t h e  f r e s h  samples; 0.02-0.08% i n  c h o c l a t e  powder 

and 0.004-0.008% in s o f t  d r i n k s .  
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TABLE 3 

Comparative a s s a y s  of Caf fe ine  i n  d i f f e r e n t  Food 
Products  under i n v e s t i g a t i o n .  

(Resul t s  a r e  t h e  average of d e t e r m i n a t i o n s  i n  t r i p l i c a t e ) .  

Sample Caffe ine  % Sample Caffe ine  % 
HPLC GLC HPLC GLC 

I TEA BRANDS 
1 2.24 2.32 2 1.30 1.25 
3 2.65 2.50 4 2.84 2.40 
5 3.30 2.40 6 2.92 2.50 
7 2.78 2.16 8 2.52 2.10 
9 3.10 2.80 

I1 COFFEE BRANDS 
a )  Green 

1 0.76 0.71 2 1.00 0.98 

b)  Roasted 
1 1.70 1.64 2 2.06 2.00 
3 1.00 0.96 4 1.14 1.08 

c )  Soluble  Coffee 
1 1.69 0.95 2 1.30 1.30 
3 2.24 0.93 4 1.11 1.63 

d )  Caffe ine  Free ( i n s t a n t )  
1 0.80 0.02 2 0.01 0.01 

e )  Mini Coffee T a b l e t s  
2.52 2.16 

111 COLA SEEDS 
a )  Fresh 1.70 1.35 
b) & 1.90 1.38 

I V  CHOCKLATE POWDER 
1 0.08 0.08 2 0.02 0.022 
3 0.02 0.023 

V SOFT DRINKS (mg%) 
1 4.00 2.40 2 8.00 5.6 
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I t  i s  obviously expected t h a t  t h e  green  c o f f e e  beans should 

c o n t a i n  h igher  c a f f e i n e  c o n t e n t  t h a n  t h e  c o r r e s p o n d i n g  r o a s t e d  

c o f f e e  a s  c a f f e i n e  i s  subl imable  a l k a l o i d .  

I n  c o n t r a r y  t o  t h e  above f a c t  we found t h a t  c a f f e i n e  c o n t e n t  

was h igher  i n  t h e  roas ted  c o f f e e  (Table  3) .  This  can be a t t r i b u t e d  

t o  t h e  p o s s i b l e  presence of c a f f e i n e  p a r t i a l l y  i n  combination form 

wi th  tannins  i n  t h e  green  samples ,  which may impair  i t s  complete 

e x t r a c t i o n  by t h e  used s o l v e n t .  

In  conclus ion ,  among t h e  methods a d o p t e d ,  HPLC o f f e r s  t h e  

most s i m p l e ,  v e r s a t i l e ,  a c c u r a t e  and s e n s i t i v e  technique.  It i s  

s u i t a b l e  f o r  d e c a f f e i n a t e d  as  w e l l  a s  f u l l - c a f f e i n e  p r o d u c t s ,  

c h o c l a t e s  and s o f t  d r inks .  The s e n s i t i v i t y  of t h e  a s s a y  procedure 

reached t o  l e s s  than  0.4 ug c a f f e i n e  ( r e l a t i v e  s t a n d a r d  d e v i a t i o n ,  

1.5% and recovery % r e a c h e d  up t o  1 0 0 % ) .  Moreover ,  t h e  u s e  o f  

CHC13  c o n t a i n i n g  5% i sopropanol  f o r  d i r e c t  e x t r a c t i o n  of c a f f e i n e  

from s l i g h t l y  a l k a l i n i z e d  p r e p a r a t i o n s  (pH 8-9)  u s i n g  ammonia, 

r e s u l t e d  i n  the  maximum y i e l d  of c a f f e i n e  wi th  t h e  minimum amount 

of non-caffeine c o n s t i t u e n t s  which when l e f t  does not  i n t e r f e r e  by 

any means i n  t h e  q u a n t i t a t i o n  of t h i s  a l k a l o i d .  
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