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THE DETERMINATION OF ASPARTAME IN 
DIET SOFT DRINKS BY HIGH PERFORMANCE 

LIQUID CHROMATOGRAPHY * 

Haleem J.  Issaq* * , Donna Weiss, Cynthia Ridlon, 
Stephen D. Fox, and Gary M. Muschik 

Program Resources, Inc. 
NCI-Frederick Cancer Research Facility 

P. 0. Box B 
Frederick, Molyland 21 701 

ABSTRACT 

A simple procedure f o r  the q u a l i t a t i v e  and q u a n t i t a t i v e  determinat ion ot  
aspartame (Nutrasweet) i n  d i e t  s o f t  d r inks  i s  described. A h igh  per fo r -  
mance l i q u i d  chromatography method i s  used which requires a 250 x 4.6 mm 
p-cyc lodex t r in  bonded s i l i c a  gel  column and a mobile phase o f  methanol/l% 
t r i e t h y l  anonium acetate (pH 4.5). The e f f l u e n t  was monitored a t  214 nm. 
The method was appl ied f o r  t he  ana lys is  o f  aspartame i n  d i e t  Coke, d i e t  
Pepsi. d i e t  7-Up and the  sweetner Equal. Determination o f  sodium benzoate 
caramel co lo r i ng  and ca f fe ine  i s  a lso  poss ib le  by t h i s  procedure. 

INTRODUCTION 

The use o f  a r t l f i c a l  sweetners i n  s o f t  d r i nks  and food i s  an establ ished 

fac t ,  

asparty l -phenylalanine (Nutrasweet), replaced saccharin as t h e  sweetner of  

choice i n  d i e t  foods and dr inks .  

d i e t  Pepsi, d i e t  Coke, i ced  tea, lemonade, breakfast  cereals, chewing gum 

Recently, aspartame, a d ipept ide  which i s  the methyl es te r  o f  

I t i s  found among others i n  d i e t  7-Up, 

*Presented i n  p a r t  a t  the  24th Eastern Ana ly t i ca l  Symposium, New York City, 

**Author t o  whom correspondence should be addressed. 

NY, November 1985. 
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1192 ISSAQ ET AL. 

and desser ts .  The methods used f o r  t h e  a n a l y s i s  o f  aspartame i n  foods and 

d r i n k s  a r e  chromatographic and spect roscopic .  Aspartame has been quan t i -  

f i e d  by a f l u o r i r n e t r i c  method ( l ) ,  gas chromatography ( 2 ) .  amino a c i d  ana ly -  

s i s  (3) ,  and h i g h  performance l i q u i d  Chromatography (4-12). The HPLC 

procedures used s t r o n g  c a t i o n  exchanye column ( 8 )  w i t h  a 0.1 M NHaHzP04 

s o l u t i o n  as t h e  mob i l e  phase o r  a reve rsed  phase c18 bonded column, 

no rma l l y  4.6 x 300 mm column, w i t h  e i t h e r  a b u f f e r  or a b u f f e r  w i t h  an 

o rgan ic  mod i f i e r .  

pH 3.5/CH3CN (9O:lO) as t h e  m o b i l e  phase, Webb and Beckman ( 5 )  used a 

s o l u t i o n  o f  water, a c e t i c  a c i d  and i sop ropano l .  which was prepared as 

f o l l o w s :  

a c e t a t e  s o l u t i o n ,  m o d i f i e d  w i t h  3% isopropanol .  Add 100 m l  g l a c i a l  

a c e t i c  a c i d  t o  ca 750-800 m l  water. A d j u s t  pH t o  3.0 w i t h  s a t u r a t e d  

sodium ace ta te  s o l u t i o n .  Add 30 m l  i sop ropano l  and d i l u t e  t o  1 L w i t h  

water. S o l u t i o n  i s  s t a b l e  f o r  2-3 days. Both (5. 12)  used t h e  same 

reversed phase column, u-Bondapak, t o  achieve r e l a t i v e l y  good r e s u l t s  

w i t h  a r e t e n t i o n  t i m e  f o r  aspartame o f  app rox ima te l y  7.5 and 15 minutes, 

r e s p e c t i v e l y .  

Recent ly  we developed an HPLC method f o r  t h e  s e p a r a t i o n  o f  d i p e p t i d e s  and 

some o f  t h e i r  isomers which employs a 6 - c y c l o d e x t r i n  bonded s i l i c a  ge l  

column and methanol/H20 (13) .  

I n  t h i s  study, t h e  a p p l i c a t i o n  o f  t h e  above procedure, w i t h  s l i g h t  m o d i f i -  

ca t i on ,  t o  t h e  a n a l y s i s  o f  aspartame i n  d i e t  s o f t  d r i n k s  was explored.  

The s o f t  d r i n k s  s e l e c t e d  f o r  t h i s  s tudy  were d i e t  Coke, d i e t  7-Up and 

d i e t  Pepsi. Also, t h e  a n a l y s i s  f o r  aspartame i n  t h e  sweetner Equal i s  

described. 

For example, w h i l e  Tsang e t  a1 (12)  used 0.0125 M KHzPH4, 

10% a c e t i c  a c i d  ( v / v )  b u f f e r e d  t o  pH 3.0 w i t h  s a t u r a t e d  sodium 

EXPERIMENTAL 

M a t e r i a l s  

The aspartame used i n  t h i s  s tudy  was purchased f rom A l d r i c h  Chemical Co. 

(Milwakee, W I )  and used w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  Methanol was g l a s s  
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ASPARTAME IN DIET SOFT DRINKS 1793 

d i s t i l l e d  uv grade (Burd i ck  and Jackson, Muskegon, M I ) .  

g l a c i a l  a c e t i c  a c i d  were from F i s h e r  S c i e n t i f i c  ( F a i r  Lawn, NJ). The 6- 

c y c l o d e x t r i n  column (Cyclobond I )  was purchased from Advanced Separa t i ons  

Technology, I nc .  (Whippany, NJ). 

Apparatus 

A Hewlet t -Packard Model 1090 L i q u i d  Chromatograph equipped w i t h  a photo-  

d iode  a r r a y  d e t e c t o r ,  an au tomat i c  i n j e c t o r ,  a s t r i p  c h a r t  reco rde r ,  a 

Hewlet t -Packard Model 3392A i n t e g r a t o r  and a Hewlet t -Packard Model 85 

c o m p u t e r / c o n t r o l l e r  was used. A Cyclobond I column, 250 mm x 4.6 mn, 

yre-packed w i t h  a - c y c l o d e x t r i n  bonded t o  5 m ic ron  i r r e g u l a r  s i l i c a  g e l  

p a r t i c l e s  was used. 

i n j e c t e d  and t h e  a b s o r p t i o n  was mon i to red  a t  214 nin. 

me thano l / l%  ( v / v )  t r ie thy lammonium a c e t a t e  pH 4.5. 

f i l t e r e d  and deyassed b e f o r e  use  and ma in ta ined  under he l i um throughout  

t h e  experiment. 

s o n i c a t i o n  under vacuum f o r  15 minutes. Equal was d i s s o l v e d  i n  0.1 N HC1 

and f i l t e r e d  th rough  a 0.2 um m i l l i p o r e  f i l t e r .  

T r i e t h y l a m i n e  and 

F i v e  u l  o f  s o l u t i o n  (Coke, Pepsi ,  7-Up, Equa l )  were 

The m o b i l e  phase was 

The m o b i l e  phase was 

Pepsi, Coke and 7-Up were degassed b e f o r e  i n j e c t i o n ,  by 

RESULTS AND DISCUSSION 

F i g u r e  1 shows t h e  chromatogram ob ta ined  by i n j e c t i n g  an aqueous s o l u t i o n  

o f  t h e  sweetner Equal which c o n t a i n s  aspartame. The R t  o f  aspartame was 

7.3 minutes when 25% methanol i n  1% tr ie thy lammonium a c e t a t e  pH 4.5 was 

used as t h e  m o b i l e  phase. and a R t  o f  5.7 when t h e  volume o f  methanol was 

inc reased  t o  40%. 

i n j e c t i n g  d i e t  Pepsi  f r e e  and d i e t  Pepsi, r e s p e c t i v e l y .  Note t h a t  t h e  

peaks a t  R t  3.5 and 17.6 m inu tes  which corresponds t o  c a f f e i n e  and sodium 

benzoate were absent  f rom F i g u r e  2, t h e  d i e t  Pepsi f r e e  which c o n t a i n s  

no c a f f e i n e  and potass ium c i t r a t e  i n  p l a c e  o f  sodium benzoate. 

i s  a chromatogram o f  d i e t  7-Up u s i n g  a m o b i l e  phase o f  40% m e t h a n o l / t r i e t h y l  

ammonium acetate. 

F igu res  2 and 3 a r e  t h e  chromatograms o b t a i n e d  by 

F i g u r e  4 

Note t h a t  o n l y  two peaks were observed a t  214 nm, those  

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



Iw
.l

rg
th

 
1-1

 
Fi
le
: 

RA
 W

DA
 T

 
I 
. 

21
4.

 
4 

2
.

 ZI
I.
 

4 
3

.
 2

54
. 

4 

5
.

m
.

 
4 

a
. 
U
D
 M
 

S
ig

n
a

l: 
A

: 
1.

 8
 

U
 . 

S
y

1
.1

M
 

D
at

a:
 

1 
1 /

I 
8

/1
g

8
5

 

Z
er

o
%

: 
1

0
 

In
j.
 T

im
e:

 
1 

1
: 

0
4

 
4

.
 m
.
 on

 
A

tt
n

 
Im

A
U

I:
 

7
0

0
. 
0
 

49
5.
 3
) 

I 
. 4

m
. 

Y
I 

h
p

 
1
0
A
O
A
 

e
 
4
 

W
 

P
 

0
 

N
 

A
 

T
im

e
 
[m
in
l 

1.
 

C
hr

om
at

og
ra

m
 o

f 
5 

~1
 s

o
lu

ti
o

n
 o

f 
th

e 
sw

ee
tn

er
 E

qu
al

 u
si

ng
 a

 5
 u

 

C
yc

lo
bo

nd
 I

 
(4

.6
 

x 
25

0 
m

n)
 

co
lu

m
n 

an
d 

a 
m

ob
il

e 
ph

as
e 

o
f 

25
%

 m
et

ha
no

l 

in
 1
% 

tr
ie

th
yl

am
m

on
iu

m
 a

ce
ta

te
 p

H 
4.

5 
a

t 
a 

flo
w

 
ra

te
 o

f 
1

 m
l/m

in
 

an
d 

d
et

ec
ti

o
n

 a
t 

21
4 

nm
. 

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



ASPARTAME IN DIET SOFT DRINKS 

< 
0 

0 .. 
a 
8 

r i  a 
Ln m 
crib 

ln 
t 
0 
U 

U 
0 
U 

u 
r 
Q 
5 L 

cn 0 - -  c m  
- E  
E O  

L 

.r 

.r 

.r 

Y 

8 5  

E 

4 

c 
a, 

+ 
.? 
Ln 
Q 
W 
n 
U 
a, 
0 
Q- 
0 

.C 

7 

a 
in 

u- 
0 

5 
L 
cn 
0 U 

L d 
r V 

N 

1195 

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



1196 

a 
L 

d 
01 

I n -  m c n i -  

ISSAQ ET AL. 

I I 
0 7 .  
0 4  
Y 

m 

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



ASPARTAME IN DIET SOFT DRINKS 1191 

.t 
J v 

II I 

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



1798 ISSAQ ET AL. 

a 
L 

G 

ff Y 
0 
V 

c, 
W 

U 

’c 
0 

.r 

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



ASPARTAME IN DIET SOFT DRINKS 

a 
L 

v n 
V , m  m 
o l b  

@31 a 

i 

u2 

01 

a L 
4 

v) 
E 
0 
U 

T) C 

0 U 

L 
a r 
U 0 

.C 

.r 

E 
d 
Ln N 

c, 

-0 a L 

0 
c, 

c 

m 

.I- 

e 
a Y 
0 
V 

U 
01 

T) 

u- 
0 

.r 

5 

I 

L 
Ol 
0 
c, 

0 L 

S V 

W 

1799 

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



1800 ISSAQ ET AL. 

which correspond t o  aspartame ( R t  5.7) and sodium benzoate ( R t  12.4). 

F i g u r e  5 i s  a chromatogram o f  d i e t  Coke which shows t h r e e  main peaks when 

t h e  abso rp t i on  i s  mon i to red  a t  214 nm. 

respond t o  c a f f e i n e .  asparatame and sodium benzoate, r e s p e c t i v e l y .  When 

t h e  abso rp t i on  was mon i to red  a t  254 nm ( F i y u r e  6). a ma jo r  peak was ohserved 

a t  15.1 minutes which corresponds t o  caramel c o l o r i n g .  

smal l  peaks were observed, which were n o t  d e t e c t e d  a t  214 nm. 

The above r e s u l t s  show t h a t  by u s i n g  t h e  Cyclobond I column and a m o b i l e  

phase o f  methanol / l% t r ie thy lammonium a c e t a t e  a t  a pH o f  4-5, i t  i s  pos- 

s i b l e  t o  analyze f o r  not o n l y  aspartame b u t  c a f f e i n e ,  sodium benzoate and 

caramel c o l o r i n g .  Other  components can a l s o  be  analyzed f o r .  I n  o r d e r  t o  

be a b l e  t o  d e t e c t  a l l  t h e  components i n  t h e  d i e t  s o f t  d r i n k s ,  i t  i s  recom- 

mended t h a t  t h e  a b s o r p t i o n  be mon i to red  a t  214 nm ( f o r  aspartame, c a f f e i n e ,  

and sodium benzoate) and a t  254 nm ( f o r  caramel c o l o r i n g  and o t h e r  com- 

ponents) .  The r e s o l u t i o n s  obta ined,  u s i n g  t h i s  s imp le  chromatographic  

procedure, f o r  carmel c o l o r i n g ,  aspartame, c a f f e i n e  and sodium benzoate 

exceeded 1.5, which gave b a s e l i n e  separat ions.  

The peaks a t  3.5, 7.3 and 17.6 co r -  

I n  a d d i t i o n ,  a few 
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