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DETERMINATION OF DI KETOPl PERAZI N E 
IN SOFT DRINKS BY HIGH PERFORMANCE 

LIQUID CHROMATOGRAPHY 

KOICHI SAITO', MASAKAZU HORIE', 
YOUJI HOSHINO', NORIHIDE NOSE', 

HIROYUKI N A K A Z A W A ~ ,  AND 
MASAHIKO F U J I T A ~  

'Snitanin Iiistitrrte of  Ptiblic Health 
639-1 Kaniiokiibo 

Urawa-shi, Saitania 338, Japnri 
'The Natiorial Iristittile of Pitblic Health 

4-6-1 Shirokariedai 
Mirtato-ku, Tokyo 108, Japaii  

A B S T R A C T  

Analytical method of diketopiperazine (5-Benzyl-3,6-dioxo 2 
piperazineacetic Acid: DKP), a major degradation product of aspartame 
(APM), in soft drinks was developed by means of  high performance 
liquid chromatography (HPLC). A sample was purified using Bond Elut 
SCX connected t o  Bond Elut C8 with 20 % acetonitrile as the eluent. 
A Nucleosil 5 - C l a  column was employed f o r  the HPLC with 10 m M  
potassium dihydrogenphosphate and acetoni trile (85t15, v/v) adjusted 
pH to 4.0 as the mobile phase. The calibration curve was rectilinear 
in the range of 0.5 to 10.0 p g / m l  for DKP. The average recoveries 
were 99.8 X and 96.0 % for  DKP added to soft drinks at the level of 
lOpg /ml  and 2.5pg/ml, respectively. The DKP was found in six 
commercial samples in the range of 9.5 to  26.0pg/ml. 
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___ I N T R O D U C T I O N  

SAITO ET AL. 

APM is a d ipept ide  sweetener spec i f i ed  a s  a food add i t ive  in 
1983 f o r  Japan, and has been used in any d i e t  foods such a s  s o f t  
drinks because APM has about 200 times more sweetness per ca lo r i e  a s  
s u g a r .  I t  was reported that APM in aqueous so lu t ion  was p a r t i a l l y  
decomposed depending on i t s  pH and temperature eventually forming 
DKP ( 1 ) .  Since DKP does not have sweetness, APM lose the sweetness 
from th i s  conversion. Therefore, there  was a need to develop of a 
method to determine DKP in order to control the qua l i ty  and evaluate 
the s a f e t y  of s o f t  d r inks .  

The use of gas chromatography ( G C )  a n d  HPLC was reported f o r  

the de te rmina t ion  of DKP. However, the  CC method (2)  was time 
consuming for the der iva t iza t ion  of DKP; therefore,  i t  was not used 
to analyze commercial s o f t  d r i n k s .  As fo r  the HPLC method ( 3 ) .  
samples were loaded d i r e c t l y  i n t o  the  H P L C  column wi thout  a n y  

pur i f ica t ion .  Therfore, the chromatograms were influenced by o ther  
addi ti ves. 

This paper proposes a simple and rap id  HPLC method for  the  
determination of DKP in APM-sweetened s o f t  d r inks .  

_- M A T E R I A L S  A N D  METHODS 

Chemicals and Reagents 

Acetonitrile and methanol were of HPIX grade (Wako Purc Chemical 
I n d u s t r y ,  Japan). Water was g lass  d i s t i l l e d  and deionized. A l l  other 
chemicals were of reagent grade and used without further purification. 

DKP was prepared according to the methods ( 1 , 3 , 4 )  as  fo l loc l s .  

A 100 mg APM (Tokyo Kasei Kogyo, .Japan) in a closed vessel was heated 
a t  15OC for 6 hr in a sand bath. The contents were then dissolved 
with approximately 8 ml hot water.  After deco lo r i z ing  with a n  
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DIKETOPIPERAZINE IN SOFT DRINKS 573 

adequate  amount of a c t i v a t e d  c h a r c o a l ,  the s o l u t i o n  was f i l t e r e d .  
The f i l t r a t e  was t h e n  allowed to  cool. The DKP eventual ly  c r y s t a l l i z e d  
a s  a whi te  amorphous product. The DKP was a l s o  r e c r y s t a l l i z e d  from 
water ,  T h i s  p rocedure  gave DKP i n  approximate ly  50 % y i e l d .  The 
s t r u c t u r e  o f  l h o  o b t a i n e d  DKP was c o n f i r m e d  b y  means of  mass 
spec t romet ry  (MS),  i n f r a r e d  a b s o r p t i o n  spr .c t rometry,  and elemenl.dl 
a n a l y s i s  ( a n a l .  Calcd. f o r  C I ~ H ~ S N Z O ~  : C ,  59.54; H, 5.38; N ,  10.68. 
Found : C ,  5 8 . 4 9 :  H ,  5 . 3 3 ;  h i ,  10.59).  

A DKP s tandard s o l u t i o n  was prepared by d i s s c j l v i n g  10 me of DKP 
in 10 m l  water to  produce a s t o c k  so l i l t ion  C J f  1000fig/rnl .  Norking 
s tandards  were prepared by d i l u t i n g  the s t o c k  s o l u t i o n  w i t h  water t o  
a p p r o p r i a t e  c o n c e n t r a t i o n s ,  

A H P K  mobi I F  phase was preparr ,d  h y  m i x i n g  10 m f l  potass ium 
dihydrogenphosphate s o l u t i o n  and a c e t o n i t r i l p  !85t15, c , /v )  ;>nd then 

a c i d i f y i n g  pH to  4 . 0  with phosphoric  n c i d .  
The c lean  up  column was a Bond E l u t .  SCY c a r t r i d g e  c .wnected to  

a Bond E l u t  C 8  c a r t r i d e ( :  (AnaIytic:hcm I n t e r n a t i o n a 1 , U S A )  wi th  a 

polyethylene tube (as  shown i n  Figure 1 ) .  The column was condi t i m e d  

h y  e l u t i n g  with 3 m l  methanol and then 3 m l  watcr  p r i o r  to  use. 

The HPLC was c a r r i e d  out  u s i n g  a Shimadzti 1.C FA system cquippcd 

rui th a SPD 6A (Shimadzu Se iaakusho,  Japan)  spec l r t rphlomrter .  The 
column was a Nucleos i l  5 C l e  ( 4 . 6  mm I . U .  250 m m ,  Nagel ,  G F R ) .  
The mobile  phase was run i s o c r a t i c a l l y  a t  ambient tempera ture  a 1  a 

flow r a t e  of 0 .7  ml/min. The wavelength of d e t e c t i o n  was 210 nm and 
the  s e n s i t i v i t y  was 0.08 AUFS. 

!ass s p e c t r a  were o b t a i n e d  w i t h  a Shimadzu QP-1000A mass 
s p e c t r o m e t e r ,  w h i c h  was employed in  e l e c t r o n  impact mode having an 
i o n i z a t i o n  energy of 70 eV and ion s o u r c e  tempera ture  of 250 'c.  
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574 SAITO ET AL. 

v i)CUIJ~’ 

I ~ I C l i R k  1 .  Clean u p  coltinn with Bond E l u t .  

S o f t  d r inks  were degassed i n  an u l t r a  sonic: ba th .  A 2 m 1  
sample was applied to the clean up  column and the column was eluted 
a t  a flow r a t e  of I m l / m i n .  After the column was washed w i t h  1 ml 
of water, the SCX cartridge was removed. The C8 car t r idge  was clashed 

with 1 ml of water and then w i t h  0.5 ml of 20 % a c e t o n i t r i l e .  The 
C 8  ca r t r idge  was then e lu ted  with 1.5 ml of 20 % a c e t o n i t r i l e .  The 
e lua te  was d i lu ted  to 4 ml with water. A 10 pP sample was injected 

i n t o  t h e  HPLC. 
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DIKETOPIPERAZINE IN SOFT DRINKS 575 

Confirmation of DKP b y  MS 

DKP was preparatively fractionated by HP1.C under the previously 
described conditions.  The f r ac t iona te  so lu t ion  containing DKP was 
placed on a Bond Elut C 8  ca r t r idge  1.0 desa l t  the phosphate b u f f e r .  
After the ca r t r idge  was washed with 3 m l  wLiter, i t ,  W,IS t ! ln l . f :d  k i t h  

2 m I  of 20 2 ace ton i t r i l e .  The e lua te  was then evaporated to dryness 
under reduced pressure for MS analysis.  Thc identity o f  DKP i n  soft. 
d r inks  was confirmed b y  NS.  

Chroma tographic Conditigns 

I n  general, Caffeine ( C a f )  a n d  sodium benzoate ( R A )  a r e  added 
to the APn-sweetened s o f t  d r i n k s .  S ince  these  a d d i t i v e s  might 

i n t e r f e r e  with the determination of DKP on HPIX chromatograms, t h c !  

operating condi t ions  of the HPLC were cxamined. kucleo:iil 5 C f 8 ,  

a typical reverse phase column, was employcd i n  th i s  study with thc 
mixed phosphate buffer and ace toni l r i  Ic solution as the mobile phase. 

Figures 2 und 3 show the e f f e c t  of  a c e t o n i t r i l r  concentration 
and pH of the mobile phase on the capacity factor ( k . 1 .  Each k'value 
o f  a l l  four compounds ( D K P ,  C n f ,  APfl,  and B A )  decrt,asc!d with an 
increase i n  the concentration of a c e t o n i t r i l e .  The k '  value of R A  
showed a pti dependene with the mobile phase much stronger than that 
of the o thers .  When the pH was l e s s  than 3, DKP could not he w:l I 
s e p a r a t e d  from C a f .  b u t  when i t s  va lue  was g r e a t e r  t h a n  6 ,  R A  

interfered with DKP. I t  was observed that a good baseline separation 
of these compounds was achieved when weakly a c i d i c  solvent (pH 4 .0)  
conta in ing  15 % a c e t o n i t r i l e  was used. 

On the other hand, the e f f e c t  of potass iurn dihydrogenphosphate 

concent ra t ion  was s tudied  over the range of 10 t o  50 my. I t  has 

observed that a 10 mfl  phosphate buffer gave n su f f i c i en t  separation. 

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



L I I I I I 

10 15 20 

Conc, o f  acetonitrile ( % I  

F I G U R E  2 .  E f f e c t  of a c e t o n i t r i l e  concentral,ion 1 ) f  t h e  mobile phase 

on capac i  ly f a c t o r  of DKP(t-.), Caf  (-1: APN(A-A), iintl HA(%-%). 

15 

h 

Y 

v 

10 x 

‘A A-A 
A-A c -. , 

CI 
.4 

2 3 4 5 6 

CH 

F I G U R E  3. E f f e c t  of pH of the mobile phase on c a p a r i  t y  f a c t o r  of  

D K P ( M ) ,  Car  (W), APH(A-A), and BA(x-X). 
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Caf 

( P  1 

DKP 

BA \PM 

DKP 

I 1 I I I 1 I 1 

P I ?  2'1 3r: '3 1c 2r 39 

Retention time ( min 1 

F I G U R E  4 .  L i q u i d  chromatograms of DKP obtained from untreatrnent(A1 
or treatment@) with the clean u p  column. 

On  the b a s i s  of these experiments, 10 mM potassium dihydrogen 

phosphate a c e t o n i t r i l e  (85115, v /v) ,  a c i d i f i e d  pH l o  4 . 0  w i t h  
phosphoric ac id ,  was used a s  the mobile phase. 

The calibration curve, using the peak h e i g h t  versus DKP content, 
showed a l inear relationship i n  the range of 0.5 to  lO,ugp/mI  for DKP. 

The m i n i m u m  de t ec t ab le  amount was 2.5 ng for DKP a t  a s e n s i t i v i t y  

of 0.08 AUFS. 

Clean u p  procedure  of DKJ 

Figure 4 ( A )  shows t h a t  the peaks of Caf, APM, and BA appear 
over s c a l e  on  t h e  chromatograms because  of t h e i r  much l a r g e r  
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quant i t ies  than DKP in s o f t  dr 
in to  the HPLC. Besides these 
as caramel or ac ids ,  a r c  usua 

SAITO ET AL. 

n k s ,  when they were injected d i r ec t ly  
compounds, coloring suhstances,  suc,h 
l y  added to s o f t  dr inks .  Thercforc?, 

d i r ec t  injection may lead to a loss i n  the a b i l i t y  of the HP1.C column 
to separa te  compounds. I n  addition, s ince  the retention time of BA 
is about 3 times longer than tha t  of DKP, i t  is w r y  time consliming 

to analyse many samples h y  HPLC. Therefore, i t  should hc desirahli? 
to e l imina te  a s  much a s  poss ib l e  these  a d d i t i v e s  from samples i n  

order to determine DKP with rap id i ty  and h i g h  s e n s i t i v i t y .  
Attempts were made to clean up samples by use of several types 

o f  Rond E l u t  ca r t r idges .  I t  was ohserved that DKP, Caf, APM, and R A  
were a l l  retained on the C8 car t r idge ,  and Caf and APM were retained 
on the SCX ca r t r idge  while DKP and Bil passed t.hrough the car t r idge .  
Based on these experiments, the combination of SCY a n d  C 8  ciirtridgcs 

wcre s tud ied ,  i . e . ,  the SCX was connccted t o  the C8. IIKP and R A  
could then be separated from Caf and APM. That is, DKP and  BA werti 
retained on the C8, while Caf a n d  APM were rctained on the SCX. 

The e lu t ion  pa t te rn  of DKP with 20 % a c e t o n i t r i l e  From the C 8  
ca r t r idge  was s tudied  h y  u s i n g  20 p g  DKP and 200 , u g  R A .  Yo DKP 
was found in the 0.5 m l  of the f i r s t  eluatc,  w t 1 ~ ~ r . v  other contamin;ints, 
such as caramel color when present i n  s o f t  di , lc lks  were found. A l l  
the DKP was found in the  followed 1.5 n i l  of 20 % ace ton i  t r i l e ,  
whereas no BA was found in this f rac t ion .  Therefore, the 0.5 m l  has 
d iscarded  with the  subsequent 1.5 m l  e l u a t e s  taken a s  the  D K P .  
Consequently, Caf,  APM, and BA could be t o t a l l y  removed from the 
samples using t h i s  procedure. A typical chromatogram is presen tcd 
i n  Figure 4 ( R )  for a APM-sweetened s o f t  d r ink  a f t e r  removed of  
impurity. 

- Recovery Study ___. and Analysis ._._ of Commercial Samples 

Commercial s o f t  d r i n k s  f o r t i f i e d  a t  a level of 10 pgg/ml  a n d  

2 .5  p g / m l  of DKP were used f o r  the  recovery  s t u d y .  Table  1 
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DIKETOPIPERAZINE IN SOFT DRINKS 

T A B L E  1. 
Recoveries of Diketopiperazine from Soft Drink 

519 

C . V . :  Coefficient of Variation 
* : lverage of 5 determinations 

T A B L E  2 .  
Contents of Diketopiperazine (DKP) in Carbonated Soft Drinks 
Containing Aspartame 

Samp 1 e Formula t ion 
of vessel 

Aluminum can 
Aluminum can 
Aluminum can 
Class  b o t t l e  

Class bottle 
Glass bottle 

16.9 
19.7 
26.0 

9.5 
18.4 
23.2 

Storing period after 
manufacturcd (day 1 

42 
7 1  
76 

- : No indication 
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580 SAITO ET AL. 

c n  3': b3 

\ trr- ja period ( d i  

r, 

.. 
Correration between DKP concentration and s torage periods 

of APM-sweetened s o f t  d r i n k  stored a t  room t e m p e r a t i i r e ( H ) ,  and ; i t  

4 c (0-0). 

demonstrates g r e a t e r  than 95 2 ave ra l  I mcan r w o k c i r i e s  a n d  4 % 
coe f f i c i en t  of var ia t ions .  The  de tec t ion  l i m i  L of thc method w a s  

0 .5  p g / m l  f o r  D K P .  
'The formation o f  DKP i n  APM sweetened s o f t  d r inks  with thren 

aluminum can and t h r e e  g l a s s  b o t t l e s  of  t h e  same brand h e r e  

investigated.  DKP was found i n  a l l  samples, a n d  the content of DKP 
bas varied among them as shown in T a b l e  2. I t  was considered th;it 
the variation arose from both the d i f fe rence  i n  s toraee  temperature 
and s torage  period i n  a s t o r e .  

T h e r e f o r e ,  tht: v a r i a t i o n  of DKP c o n t e n t  w i th  t ime  was 
inves t iga ted  s o  as t o  prove t h i s  hypothesis. Sample " D "  (shown in 
Table 2)  was divided in to  two porticJns. Ono of them was s tored  a t  
room tempera ture  (25  - 27 'C) a n d  t he  o t h e r  a t  4 . 5 *C i n  a 
r e f r i g e r a t o r  f o r  2 months, r e spec t ive ly .  Figure 5 shows tha t  the 
DKP con t e n t  a t  room temperature inc reased  w i t h  t he  i ncrease  i n 
s t o rage  time, a n d  f i n a l l y  reached a concent ra t ion  of 39.1 ,ugg/mI. 
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DIKETOPIPERAZINE IN SOFT DRINKS 58 1 

FIGURE 6 .  Mass spectra of an authentic  standard of DKP ( A )  and of 
a DKP sample (B). 

The i n c r e a s e  i n  c o n c e n t r a t i o n  of thr. DKP was shout  4 t,imhs that. o f  

i t s  i n i  t i s l  c o n c e n t r a t i o n s .  O n  the  o t h c r  h<ind, t h e  DKP c o n t e n t  i n  

sample s tored  a t  4 ~ 5 *C d i d  not  show any n o t i c e a b l e  v a r i d t i o n .  

Conscqucntly, t h i s  rest11 t sugges ts  thc fear t h a t  APM swectenctf 

s o f t  d r i n k s  may l o s e  t h e i r  q u a l i t y  because of the r a p i d  degrada t ion  

of A P M ,  i f  thcy were s t o r e d  i 1 1  room temperature  a f t e r  manufacture .  

T h e r e f o r e ,  m u c h  a t t e n t i o n  may need t o  look a t  t h e  s t o r a g e  

w n d i  l i o n s  of APKsweetcned s o l ' t  d r i n k s .  

I d e n t i f i c a t i o n  by  MS was c a r r i e d  out  to  confirm t h e  p r e s e n c e  

of DKP, i n  f r a c t i o n s  o b t a i n e d  b y  p r e p a r a t i v e  H P L C  i n  commercial  
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582 SAITO E T  AL. 

samples. Figure 6 represents the mass spectra of authcwtic standard 
DKP ( C I ~ H 1 4 N Z O I ,  Mw. 262) and a sample. The positions and the 
intensity of sample peaks coincided with those of the standard DKI’. 
The fraction was thus identified as DKP. 

Consequently, these resill ts indicate that lhc qudnti tative 
analysis of DKP can be evaluated in terms of quality assessment of 
APM-sweetened soft drinks. 
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