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ABSTRACT 

A capillary zone electrophoretic (CZE) method was developed to determine caffeine, aspartame and benzoic acid in diet cola soft 
drinks and in artificial sweetening powders. The effects of pH, ionic strength, organic solvents and different buffers were investigated to 
select the optimum conditions. These consisted of a sodium phosphate buffer at pH 11 and ionic strength 0.025. The running voltage 
was set at 15 kV and the injection was performed hy~~~ti~lly for 30 s. The CZE method was then compared with a previously 
developed high-performance liquid chromatographic (HPLC) method in terms of repeatability, reproducibility, accuracy, linearity, 
~sitivity and separation efficiency. Both methods gave good repeatability. The relative standard deviations for reproducibility were 
significantly higher in CZE than in HPLC. The main reason for this is probably the condition of the wall of the capillary, which was 
difficult to keep constant between the days of analysis. The separation efficiency of CZE was 65-l 10 times higher than that of HPLC; on 
the other hand, 10-20 times lower detection limits were obtained in HPLC. Both methods were linear, but the linear ranges were 
different owing to the lower detection limit of HPLC. In CZE, the effect of the matrix was higher. 

INTRODUCTION 

Capillary zone electrophoresis (CZE) is an in- 
creasingly used technique, the analytical power of 
which is widely recognized [I-S]. The applications 
range from biological analysis [1] to food [6] and 
pharmaceutical analysis [5]. Although CZE can be a 
powerful qualitative analytical technique, owing to 
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its high separation efficiency, there is still doubt 
about its quantitative aspects. In comparison with 
~gh-pe~o~ance liquid chromatography (HPLC), 
parameters such as repeatability, reproducibility 
and accuracy have received less attention. For this 
reason, an investigation of these parameters in CZE 
was carried out. 

The aim of this work was first to understand bet- 
ter several parameters of method development in 
CZE, second to obtain data concerning method val- 
idation parameters in CZE and finally to see how 
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these differ from HPLC in practical situations. As 
an HPLC method for the determination of aspar- 
tame, benzoic acid and caffeine in diet soft drinks 
had already been developed at our laboratory [7], a 
CZE method was developed and compared with the 
HPLC method. 

Aspartame has been determined by HPLC [7], 
isotachophoresis [8] and enzymatic techniques [9]. 
To our knowledge, only one method has been pub- 
lishedfor the dete~ination of aspartame in soft 
drinks by CZE [6]. By this method caffeine, and 
benzoic acid could also be determined. For the de- 
termination of caffeine methods using CZE [lo] and 
micellar electrokinetic capillary chromatography 
(MECC) [1 l] have also been reported. 

EXPERIMENTAL 

Chemicals 
Water purified using a Mini-Q system (Millipore, 

Bedford, MA, USA) was used throughout. Sodium 
monohydrogenphosphate, sodium dihydrogen- 
phosphate, potassium phosphate, sodium hydrox- 
ide, sodium carbonate, boric acid, phosphoric acid, 
sodium tetraborate, sodium phosphate, glycine, 
benzoic acid, methanol and acetonitrile were pur- 
chased from Merck (Darmstadt, Germany), caf- 
feine from Fluka (Buchs, Switzerland) and aspar- 
tame from Sigma (St. Louis, MO, USA). Packets of 
Canderel@ and Finn@ artificial sweetening powders 
were obtained at local shops. 

Sample pretreatment 
Diet cola soft drinks were degassed in an ultra- 

sonic bath and diluted 25 and lOO-fold in Milli-Q- 
purified water for the determinations by CZE and 
HPLC, respectively. Artificial sweetening powders 
were dissolved in water in a IOO-ml volumetric flask, 
filtered through a 0.2~pm membrane filter (Schleich- 
er & Schiill, Dassel, Germany) and diluted IO- and 
lOO-fold with water for CZE and HPLC, respec- 
tively. 

Preparation of ~oi~tiuns 
All buffers were prepared with an ionic strength 

of 0.1 and diluted fourfold prior to use. Following 
this they were filtered through a 0.2~pm membrane 
filter (Schleicher & Schiill). The buffers were adjust- 
ed to the pH required using an Orion Research dig- 

ital ionalyzer/501 pH meter. The amounts needed 
to prepare 1 1 of the buffers were as follows: sodium 
phosphate buffer, Na2HP04 . 2Hz0 5.874 g and 
Na3P04 . 12Hz0 0.0585 g (pK, = 12.33) pH = 
11 .O; borate buffer, NazB40, 11.43 g and H3P04 
1.21 g (pK, = 9.2), pH = 10.4; glycine buffer, gly- 
tine 8.258 g and NaOH 4.0 g (pK, = 9.78) pH = 
10.8; carbonate bufIer, Na2C03 0.827 g and NaH- 
CO, 0.131 g (pK, = 10.33), pH = 10.9; potassium 
phosphate buffer, Na2HP04 7.532 g and Na3P04 
0.0086 g (PK, = 12.33) pH = 10.9; and sodium 
phosphate buffer for HPLC, NaH2P04 . Hz0 
13.799 g and 1 M H3P04 0.45 ml (0.85 ml of 85% 
H3P04 diluted to 100.0 ml) (pK, = 2.15) pH = 3.9 
and p = 0.1. 

Stock solutions of 500 mg l- ’ of each compound 
were prepared daily in water. The solubility was in- 
creased by using an ultrasonic bath for 5 min. The 
solutions for the external calibration in CZE were 
prepared in water in the concentration range lO- 
100 mg I-‘, and for HPLC in the range of l-10 mg 
1-l. The solutions for the standard addition cali- 
bration were in the same concentration range as in 
external calibration, but were prepared in 25 and 
loo-fold diluted and degassed diet cola for CZE and 
HPLC, respectively. 

Instrumentation 
CZE was carried out on a Waters Quanta-4000 

capillary electrophoresis system equipped with a 
positive power supply. Fused-silica capillaries (Wa- 
ters AccuSep@) (60 cm x 75 ,um I.D.) were used 
with a length of 52 cm from the point of sample 
introduction to the point of detection. The electro- 
phoretic zones were detected with a fixed-wave- 
length UV detector at 214 nm. Both injection sys- 
tems (hydrod~amic and electromigration) were 
used. The electropherograms were recorded and in- 
tegrated with an Intersmat/Shimadzu IC-R3A data 
processor and also with a Waters Model 810 data 
workstation equipped with a WSl-watchdog inter- 
face. 

HPLC was performed on a Perkin-Elmer series 
10 liquid chromatograph with a loo-p1 loop, cou- 
pled with a Perkin-Elmer LC90 UV spectrometric 
detector. The chromatograms were recorded and 
integrated on a Merck/Hitachi D-2000 chromato- 
integrator. 
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Preparation of the capillary 
Each day before starting analysis, the capillary 

was first purged with 0.5 M KOH for 5 min, fol- 
lowed by water for 2 min. Afterwards the capillary 
had been conditioned for 1 h with the running buff- 
er. Between each run the capillary was flushed for 2 
min with the running buffer. On shut-down the cap- 
illary was flushed with 0.5 M KOH for 2 min, fol- 
lowed by flushing with water for 5 min and purging 
with air for 2 min. 

HPLC conditions 
HPLC was carried out as described by Moors et 

al. [7], with some minor modifications. The pH was 
adjusted to 3.9 instead of the described 4.5 and de- 
tection was carried out at 214 nm. The column used 
was a Waters Nova-Pak Cr s column (15 cm x 4.6 
mm I.D., 5-pm particles). The mobile phase was 
phosphate buffer (pH 3.9, ,S = O.l)-acetonitrile 
(8515, v/v). The flow-rate was set at 1 ml mm-“. 

RESULTS AND DISCUSSION 

HPLC 
An example of a chromatogram is shown in Fig. 

1. The results are given in Tables I-V. 

CZE method development 
The parameters that could be important in CZE 

were investigated in order to obtain the optimum 
conditions. All the runs were carried out at 15 kV. 

Sampling mode. Both sampling modes available 
on the Quanta-4000 system were tested. By using 
electromigration as an injection system at the usual 
5 kV sampling voltage, benzoic acid was not in- 
troduced into the capillary. Compared with hydro- 
dynamic injection, aspartame and caffeine were 
slightly increased in sensitivity. With the hydrody- 
namic sample introduction system (which takes a 
representative part of the sample), all the compo- 
nents could be detected. The hydrodynamic sample 
introduction system was therefore used for all other 
injections. 

Efect ofpH. Two pH effects can occur in CZE: 
the el~troosmoti~ flow (EOF) increases with in- 
creasing pH and weak acids dissociate more [12]. 
The effect of pH was investigated for caffeine, as- 
partame and benzoic acid. The pH values employed 
were 2.5, 7.0, 11.0 and 12.2 in a phosphate buffer 

I 

0 I 5 lObfIN 

Fig. 1. Chromato~~ (10 mg l- ’ mixture) obtained by HPLC 
on a C,, column with a mobile phase composed of phosphate 
buffer (PH 3.9, fi = 0. I)-acetonitrile (85: 15, v/v). 1 = Caffeine; 2 
= aspartame; 3 = benzoic acid. 

with an ionic strength of 0.1. The results are shown 
in Fig. 2. 

At pH 2.5 the EOF is very low; at this pH aspar- 
tame alone is positively charged. Caffeine and ben- 
zoic acid are not dissociated at this pH fpk;, (caf- 
feine) = f 14 and pK,, (benzoic acid) = 4.21. At pH 
7 aspartame is slightly negatively charged, so that it 
migrates more slowly than caffeine, which is still 
neutral. Benzoic acid is fully negatively charged and 
is not detected within 20 min. At pH 11 the EOF is 
sufficient for all three components to migrate to the 
point of detection within 10 min. This pH was cho- 
sen as the optimum. At pH 12.2 it can be seen that 
there is a large effect on the migration of benzoic 
acid. Aspartame also migrates faster, but not to the 
same extent. This is due to the increase in EOF. The 
effect of this increase is higher with the benzoate ion 
because of its high electrophoretic mobility. The mi- 
gration of caffeine is more or less constant. Benzoic 
acid co-migrates with caffeine at this pH. 

It should be noted that at the chosen pH of 11, 
caffeine is more or less neutral, which means that 
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Fig. 2. Effect of pH on migration times. Ali runs were carried out 
in phosphate buffer of ionic strength 0.1 with 30-s hydrodynamic 
injections at 15 kV. + = Caffeine; n = aspartame; 0 = ben- 
zoic acid. 

the migration of caffeine is due only to EOF. It also 
means that all neutral components will migrate with 
the same velocity as caffeine and that the determi- 
nation of caffeine can be influenced by a positive 
error, due to such neutral impounds. If this is 
found to be a problem, one needs to use MECC 
instead [ 1 I]. 

Ionic strength. The EOF decreases with increas- 
ing ionic strength. Hayes and Ewing [12] reported 
that the concentration of the buffer was inversely 
proportional to the endosmotic mobility. If the ion- 
ic strength increases, pL,Of decreases, giving a de- 
crease in endosmotic velocity (v& and an increase 
in migration times. A decrease in ionic strength also 
affects the field strength. Owing to the higher resis- 
tivity, the field strength increases [13]. A higher field 
strength means higher velocities, which leads to a 
decrease in migration times. 

Different buffers with the selected pH were pre- 
pared with ionic strengths of 0.1, 0.075, 0.05 and 
0.025. As expected, there was a nearly linear in- 
crease in migration time with increasing ionic 
strength. The increase in migration time was higher 

for benzoic acid than for aspartame or caffeine. The 
buffer with ionic strength 0.025 was chosen, because 
of the acceptable migration times and good resolu- 
tion for the components being separated. An exam- 
ple of an electropherogram is shown in Fig. 3. 

Organic solvents. The effect of methanol and ace- 
tonitrile on migration time and resolution was in- 
vestigated and the results are shown in Fig. 4. As 
can be seen, the migration times of all three compo- 
nents increase with increasing proportions of aceto- 
nitrile and methanol. This is in agreement with the 
results of Schwerr and Kenndler [14], where a de- 
crease in EOF with increasing proportions of both 
acetonitrile and methanol was observed, but in con- 
trast to the results of Fujiwara and Honda [15], 
where the opposite effect was observed. The elec- 
troendosmotic mobility is directly proportional to 
the pe~ittivity (L),) and inversely proportional to 
viscosity (q). With addition of organic solvents, the 
factor D,/q decreases and hence the EOF decreases 
[14]. Apart from the change in EOF, addition of 
organic solvents also suppresses the dissociation of 
solutes and increases the field strength due to 
changes in resistivity. However, as can be seen in 
Fig. 4, the first two effects are larger than the third. 

The increase in the migration time of caffeine is 
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Fig. 3. Example of an electropherogram (IO mg 1-r) obtained in 
CZE at a run voltage of 15 kV and an electrolyte buffer com- 
posed of phosphate buffer (PH 11.0, fi = 0.025). The sample was 
injected using the hydrodynamic injection mode for 30 s. 1 = 
Caffeine; 2 = aspartame; 3 = benzoic acid. 
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Fig. 4. Effect of organic solvents on the migration of caffeine, 
aspartame and benzoic acid. Acetonitrile and methanol were 
mixed with phosphate buffer (pH 11, p = 0.025). Experimental 
conditions as in Fig. 3. 0 = Caffeine-acetonitrile; a = aspar- 
tam~~tonit~le; + = benzoic and-a~to~t~e; 0 = caf- 
fein~methanol; Cl = aspartame-methanol; 0 = beuzoic acid- 
methanol 

more or less equal for both organic solvents. This 
indicates that both organic solvents decrease the 
EOF to the same extent. As discussed earlier, a de- 
crease in EOF has a greater effect on anions with 
higher electrophoretic mobilities. This is why the 
effect on benzoic acid is larger than that on the oth- 
ers. However, the effect of acetonitrile was larger 
than for methanol, especially on benzoic acid. This 
cannot be explained by a decrease in EOF alone. 
One should consider also the changes in electropho- 
retie mobility [15]. Changes in solvent lead to 
changes in solvation and therefore to changes in 
electrophoretic mobility. An increase in pi (electro- 
phoretic mobility of ion i) can also occur in a medi- 
um with acetonitrile because, as observed by 

Schwerr and Kenndler [ 141, acetonitrile decreases 
the viscosity of binary systems with water. Metha- 
nol and most other organic solvents show a maxi- 
mum in viscosity at 60% (v/v) [14] As hi = q/6nqr 
(r being the radius), a decrease in q leads to an in- 
crease in electrophoretic mobility. 

Bu&r e@ct. Several buffer electrolytes were test- 
ed, namely sodium phosphate, potassium phos- 
phate, borate, glycinate and carbonate buffer elec- 
trolytes. Only small differences in migration times 
were observed between the buffers, even between 
sodium and potassium phosphate buffers. 

Comparison of CZE with HPLC 
The CZE method was compared with the HPLC 

method with respect to linearity, repeatability, re- 
producibility, accuracy, sensitivity and separation 
efficiency. 

Repeatability and reproducibility. To determine 
the repeatability, a 10 mg 1-r mixture of the three 
components was injected sequentially thirteen times 
for CZE and twelve times for HPLC. The relative 
standard deviations (R.S.D.s) for HPLC and CZE 
are given in Table I. For HPLC the R.S.D.s were 
between 0.48% and 1.24% and’ for CZE between 
1.17% and 2.55%, indicating good repeatabilities 
for both techniques. The R.S.D.s for the pooled 
variance of six days of analysis for the two tech- 
niques were compared with each other by an F-test 
(a = 0.05). For aspartame and caffeine a significant 
difference was observed between the two methods, 
indicating better repeatabilities for HPLC. Benzoic 
acid, however, showed no significant difference at 
this level. As can be seen in Table I, the repeatabil- 
ity calculated using areas or corrected areas (areas 
normalized by migration time) (CA) gave similar 
results.. 

The reproducibility was determined by injecting 
10 mg l- ’ mixtures of the three components during 
six days of analysis. The R.S.D.s were significantly 
higher in CZE (6.~8.7%) than in HPLC (1.4 
1.7%) (Table I). The main reason for these high 
R.S.D.s for in CZE probably is the condition of the 
wall of the capillary, the characte~stics of which are 
difficult to keep constant for several days. The 
changes in the wall conditions during the different 
days affects the EOF, leading to changes in migra- 
tion times. One would expect the reproducibility 
calculated using corrected areas to be better, but as 
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TABLE I 

REPEATABILITY AND REPRODUCIBILITY RESULTS FOR CZE AND HPLC 

Compound Repeatability (R.S.D., %) 

HPLC” CZE (area)b 

Caffeine 0.66 1.17 
Aspartame 1.24 1.38 
Benzoic acid 0.48 2.55 

o n = 12. 
bn= 13. 
’ CA = Corrected area (normali~d areas). 
d n = 6. 

--- 

Repr~ucibiiity (R.S.D.. %)“ 
-____ _ 

CZE (CA)bc HPLC CZE (area) CZE (CA) 

1.23 1.38 8.73 14.81 
1.22 1.6-l 5.98 14.00 
2.29 1.49 7.01 14.37 

-.- ------- -~ 

can be seen in Table I, in this instance they are not. 
The reason for this was that the areas did not 
change in accordance with the increasing migration 
time. Instead of the expected increase in area, they 
were more or less constant with increasing migra- 
tion time. Probably the zones had equal velocity as 
they passed through the detector, but in the previ- 
ous section of the capillary differences in migration 
velocity could have occurred. 

Separation ejgiciency. To carry out the compari- 
son with HPLC, the number of theoretical plates 
(N) was calculated by the expression N = 16(&J 
IQ2 where t, is the migration time and W the peak 
width [16]. The results are given in Table II. In 
HPLC the calculated value of N was between 31 
and 153 whereas in CZE it was significantly higher, 
being between 2046 and 14 033. 

Limit qf detection (LOD). The LOD was calcu- 

TABLE II 

SEPARATION EFFICIENCY AND DETECTION LIMITS 

- 

lated as the amount of compound that would still 
give a signal three times greater than the noise on 
the baseline. The results are given in Table II. In 
HPLC the LODs were between 0.1 and 0.5 mg 1 -i 
whereas in CZE they were between 2 and 5 mg l- I. 

Linearity. Both methods gave fair linearity, but 
the ranges were different owing to the lower detec- 
tion limit of HPLC. The calculated correlation coef- 
ficients are given in Table III. 

Accuracy. By comparing an external calibration 
line with a standard addition calibration line (Table 
III), the influence of the matrix can be detected. The 
slopes of the external and standard addition cali- 
bration lines were compared with a t-test. At the 
5% confidence level, no significant difference could 
be detected for the three components in HPLC. The 
p-values obtained were caffeine p > 0.9, aspartame 
0.5 < p < 0.9 and benzoic acid 0.5 < p < 0.9. In 

Compound Separation efficiency (M 
-- 

HPLC CZE 

LOD (mg I-r)* 

HPLC CZE 

Caffeine 31.4 2045.8 10.1 12 
Aspartame 129.1 14 032.8 f 0.5 *5 
Benzoic acid 152.8 11 615.1 f0.5 *5 

’ Separation efficiency calculated by N = 16(f,/ w)‘. 
* The limit of detection (LOD) is an estimation of 3 x noise. 
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TABLE III 

RESULTS FOR EXTERNAL AND STANDARD ADDITION CALIBRATION LINES IN CZE AND HPLC 

Compound Method Calibration line Slope Ratio (external/addition) r 

Caffeine HPLC External 258 821.40 0.999 0.9995 
Addition 259 194.30 0.9998 

CZE External 1287.48 0.934 0.9996 
Addition 1378.11 0.9996 

Aspartame HPLC External 70 223.50 1.006 0.9997 
Addition 69 815.63 0.9997 

CZE External 449.96 0.947 0.9996 
Addition 475.14 0.9996 

Benzoic acid HPLC External 101 834.30 0.999 0.9980 
Addition 101 948.10 0.9999 

CZE External 1117.49 0.968 0.9999 
Addition 1154.06 0.9993 

CZE, on the other hand, a significant difference was 
detected for caffeine and aspartame at a confidence 
level of 5%. At this confidence level, benzoic acid 
showed no significant difference between the slopes. 
The p-values obtained were caffeine 0.001 < p < 
0.01, aspartame 0.01 < p < 0.02 and benzoic acid 
0.1 < p < 0.2. 

There was a small but significant difference in mi- 
gration times between the external and standard ad- 
dition calibration lines (between 3.1% and 3.4% for 
all the three components), with higher values for the 
external cdibration lines. This cannot be caused by 
differences in viscosity between samples and stan- 
dards, because normally one would expect the sam- 

TABLE IV 

RESULTS FOR DETERMINATION OF CAFFEINE, ASPARTAME AND BENZOIC ACID IN A SOFT DRINK SAMPLE (n 
= 6) 

Compound Method Calibration Concentration found 
(mg 1-i) 

R.S.D. 
(%) 

Recovery 
(%)b 

Caffeine HPLC 

CZE 

External 120.9 
Addition 132.5 
External 142.5 
Addition 157.5 

0.22 

1.07 

Aspartame HPLC 

CZE 

External 487.3 0.15 93.72 
Addition 493.4 94.89 
External 529.4 1.60 101.80 
Addition 507.7 97.64 

Benzoic acid HPLC 

CZE 

External 150.7 
Addition 114.9 
External 113.1 
Addition 121.7 

5.60 - 

1.60 - 

a The cola sample was a Colca-Cola light soft drink, with a claimed content of 520 mg l- 1 of aspartame. The concentrations of caffeine 
and benzoic acid are unknown. 

Ir Percentage recovery of the claimed amount. 
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TABLE V 
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DETERMINATION OF ASPARTAME IN ARTIFICIAL SWEETENING POWDERS 

Candere136 mg and Finn 38 mg labelled amount per packet. 

Method 

HPLC 
CZE 

Canderel 

Aspartame found 
(mg 1-i) 

35.18 
34.22 

R.S.D. Recovery 

(%) (%)b 

0.66 97.71 
0.74 95.06 

Finn 

Aspartame found 
(mg 1-l) 

37.75 
36.47 

R.S.D. Recovery 

(%) (%)b 

0.01 99.34 
0.36 95.97 

a Mean (n = 6). 
* Recovery of aspartame compared with the label claim. 

ples to have higher viscosity. The viscosity also 
plays an important role during sample injection. As 
this was performed hydrodynamically, lower vol- 
umes will be injected for solutions with higher vis- 
cosities. This implies that under these conditions 
smaller areas should be observed. However, the op- 
posite was observed. Hence, the cause of the differ- 
ence in slopes between the external and standard 
addition calibration lines is of a different kind. As 
reported by Swartz [17], matrix effects are more crit- 
ical in CZE than in HPLC. The ratios of the slopes 
of external and standard addition calibration lines 
in HPLC were almost 1.00, whereas in CZE they 
were between 0.93 and 0.97 for the three compo- 
nents (Table III). The determinations of all compo- 
nents except benzoic acid by CZE gave higher re- 
sults than by HPLC (Table IV). The difference for 
benzoic acid could not be explained. However, the 
amount determined from the standard addition cal- 
ibration line in HPLC was more or less in agree- 
ment with the amount found by CZE. 

Matrix effects can be higher in CZE than in 
HPLC, probably because the amount of matrix 
used in CZE is normally relatively higher owing to 
the higher detection limits. The diet cola soft drink 
was diluted 25fold in CZE, whereas in HPLC there 
was a lOO-fold dilution. This means that four times 
more matrix is introduced into the CZE column. 

Aspartame was also determined in samples of 
Canderel and Finn (Brazilian) artificial sweetening 
powders. The results are given in Table V. HPLC 
gave recoveries between 97% and 99% and CZE 
between 95% and 96%. Both results are acceptable. 

The validation parameters for CZE in these ap- 

plications, are less satisfactory than those for 
HPLC. However, they are still acceptable. Com- 
bined with the higher separation efficiency of CZE, 
the technique can be preferable in some applica- 
tions. The reproducibility and accuracy in CZE 
should be investigated further. The choice of the 
technique should be determined by the specific ap- 
plication involved. 
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