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Abstract 
The purpose of this work was to adapt and use the HPLC method proposed by SR EN 12856/2001 
standard for the determination of some artificial sweeteners (acesulfame-K, aspartame and saccharin) for 
the quantification, in a single run, of the caffeine too. The method was validated in terms of sensitivity, 
linearity range, reproducibility, repeatability, analytical recovery and robustness. In this paper we present 
the results obtained by our laboratory in two proficiency testing schemes, the first organized by FAPAS, 
Central Science Laboratory, Sand Hutton, York, United Kingdom and the second organized by Food and 
Consumer Product Safety Authority (Chek Working Group), Al Groningen, The Netherlands.  
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1. Introduction 

Caffeine is a naturally occurring substance 
found in the leaves, seeds or fruits of over 
63 plants species worldwide and is an 
alkaloid of the methylxanthine family. The 
most commonly known sources of caffeine 
are coffee, cocoa beans, cola nuts and tea 
leaves. Caffeine is a pharmacologically 
active substance and depending on the 
dose, can be a mild central nervous system 
stimulant. Caffeine does not accumulate in 
the body over the course of time and is 
normally excreted within several hours of 
consumption (van der Meer, 1980). In its 
pure state, it is an intensely bitter white 
powder. Its chemical formula is C8H10N4O2 
and its systematic name is 1,3,5-
trimethylxanthine (Haughey, 1982). 
Caffeine is mainly ingested by drinking 
coffee, cola-beverages and tea to act both 
as a diuretic and as a stimulant to the 
central nervous and to the cardiovascular 
systems (Conte, 1993). Caffeine is 
considered to be a risk factor for 
cardiovascular diseases and may affect 
behaviour effects of depression and 
hyperactivity.  

 Caffeine is one of the most 
comprehensively studied ingredients in 
the food supply, with centuries of safe 
consumption in foods and beverages. In 
1959, the U.S. Food and Drug 
Administration (FDA) designated caffeine 
in cola drinks as "Generally Recognized 
As Safe" (GRAS). The FDA considers 
caffeine safe for all consumers, including 
children. In 1987, following extensive 
review, the FDA "found no evidence to 
show that the use of caffeine in 
carbonated beverages would render these 
products injurious to health." More than 
140 countries have specifically considered 
the safety of caffeine and allow its use in 
beverages at various levels. 

Caffeine is part of the overall profile of soft 
drinks, which consumers enjoy for refresh-
ment, taste and hydration. Most of the 
caffeine in cola drinks is added during the 
formulation process. The bitter taste of 
caffeine also adds to the complex overall 
flavor profile of soft drinks. Consistent with 
federal regulations, beverage companies list 
caffeine on product labels when it is added 
as an ingredient.  
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There is no requirement to list the precise 
amount of caffeine present. According to 
Directive 2000/13/EC, quinine and/or caffeine 
used as a flavouring in the production or 
preparation of a foodstuff must be mentioned 
by name in the list of ingredients 
immediately after the term "flavouring".In 
addition, according to Directive 2002/ 
67/EC of 18 July 2002, drinks containing 
caffeine in excess of 150 mg/l must also 
provide a warning message on the label 
followed by an indication of the caffeine 
content such that: "High caffeine content 
(X mg/100ml)". 

All these considerations have lead to 
increased interest in the development of 
reliable methods for the evaluation and the 
quantitation of caffeine in food products. 
Many analytical methods have been 
developed for the determination of caffeine 
and the quality control of products 
containing caffeine including titrimetry, 
voltammetry (Zen, 1998), NIR-spectro-
scopy, derivative spectrophotometry 
(Alpdogan, 2002), polarography, GC 
(Conte, 1993), and HPLC (van der Meer, 
1980, Haughey, 1982, Blauch, 1983, 
Saxano, 1989, Pura Naik, 1997, Rojo 
Camargo, 1999, Mumin, 2006). 

Although many HPLC methods have been 
developed for the quantitative determina-
tion of caffeine in soft drinks, the purpose 
of this work was to adapt and use the 
HPLC method proposed by SR EN 
12856/2001 standard for the determination 
of some artificial sweeteners (acesulfame-
K, aspartame and saccharin) for the 
quantification, in a single run, of the 
caffeine too. The method was validated in 
terms of sensitivity, linearity range, 
reproducibility, repeatability, analytical 
recovery and robustness. The proof of the 
traceability and of the accuracy of the 
analyses results is made by certified 
reference material (CRM) use or by the 
inter-laboratory analysis. Therefore, in this 
paper we present the results obtained by 
our laboratory in two proficiency testing 
schemes, the first organized by FAPAS, 
Central Science Laboratory, Sand Hutton,  

 York, United Kingdom and the second 
organized by Food and Consumer Product 
Safety Authority (Chek Working Group), 
Al Groningen, The Netherlands. 

2. Materials and methods 

The caffeine in the test solution sample is 
separated by reversed-phase chromatogra-
phy on a 250 mm×4.6 mm i.d., 5 µm 
particle DS Hypersil C18 column, detected 
by absorbance at 217 nm and quantified by 
using a calibration graph. All the reagents, 
acetonitrile (Baker, 8257), potassium 
dihydrogen orthophosphate 98+% (Alfa 
Aesar, A 12142), phosphoric acid 85% 
(Merk, 1805), caffeine 99.0% (Alfa Aesar, 
A 10431) were of analytical purity or for 
chromatographic use. The water used was 
ultrapure, Basic TWF. The stock solutions 
and the corresponding dilutions were made 
in ultra-pure water and were stored in dark 
places at +4°C between experiments. 
HPLC was performed by using a Surveyor 
Thermo Electron system including vacuum 
degasser, Surveyor Plus LCPMPP pump, 
Surveyor Plus ASP auto sampler, "diode 
array" detector with 5 cm flow cell, DS 
Hypersil C18.5 µm column (250 mm×4.6 
mm) and Chrom Quest 4.2 software. 

The determinations were made under 
isocratic conditions, at 20°C, by using a 
mobile phase made of 88% phosphate 
solution (c(KH2PO4) = 0.02 mol/l), 
adjusted to pH 4.3 with 5% phosphoric 
acid, filtered through a polyamide 
membrane (0.2 µm) and 12% acetonitrile. 
The sample is degassed with an ultrasonic 
bath DK 102p Bandelin, filtered and 
diluted in water. The test solutions were 
filtered through nylon syringe filter (0.45 
µm) before injection. 

The volume injected was 5 µl and the flow 
rate of the mobile phase was 1ml/min. 

3. Results and disscusions 

The linearity was determined for caffeine 
at five concentration levels. Standard 
solutions of caffeine dissolved in 
ultrapure water ranging from 10-100 mg/l 
in concentration should be provided and 
analyzed. HPLC analysis were performed 
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three times at each concentration. For our 
analysis, we used five standards, at 
concentrations of 10, 25, 50, 75 and 100 
mg/l. The equation of the calibration graph 
was y = 1.23545e-005x–0.791620 and the 
correlation coefficient was r2 = 0.9999. 

The retention time of caffeine was 7,226 
min, with a relative standard deviation 
RSD = 0.291% therefore, in standard 
solutions, the HPLC method provides 
stable retention times. Moreover, the 
calculated relative standard deviations also 
prove stability in terms of peak area, peak 
height and peak asymmetry. 

In order to establish the method traceability 
on real samples, a sample of cola light 
available for sale was degassed, filtered, 
diluted in water and analysed according to 
the developed method. Five increasing 
addition levels of caffeine were added to 
this sample. Thus, 1, 2, 3, 4 and 5 ml of 
stock solution having a concentration of 1g/l 

 1g/l caffeine were added in 100 ml volu-
metric flasks and the solutions were then 
diluted up to the mark with cola light. 

The final concentrations of caffeine in the 
addition test solutions were calculated. The 
five addition samples and the witness were 
analyzed with three replicates, according to 
the developed method, and for caffeine 
samples were treated in a way similar to a 
six point-calibration graph, with the 
calculated concentrations on the abscissa 
axis, as pointed above, and with the peak 
areas corresponding to the analytes in the 
addition samples on the ordinate axis. The 
linear regression achieved y = 1.22475e-
005x–0.683213 generated a correlation 
coefficient of 0.9989 and had six 
calibration levels, the first level being the 
witness with no addition. 

Figures 1 shows the chromatogram 
obtained for one of the injections of a 
sample with addition. 

 
 
 

 
 

Figure 1. HPLC at λ=217 nm of a cola light with addition 
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In order to verify the reproducibility, the 
standard solution of 50 mg/l was analyzed 
ten times. Good reproducibility was confirmed 
with the relative standard deviation of 
0.193% for peak areas. 

The method repeatability was verified 
through the analysis of a cola light sample 
with addition, which was fully processed 
ten times, every time preparing the sample 
and chromatographically analyzing it, 
according to the developed method. Good 
repeatability was confirmed with the 
relative standard deviation of 0.359% for 
peak areas.  

The bias of an analytical method may be 
expressed as analytical recovery (value 
observed divided by value expected) and is 
usually determined by study of relevant 
reference materials or by spiking studies. A 
spiked recovery study was performed using 
an experiment similar with the one which 
was developed for the traceability on real 
samples. The mean recovery of caffeine was 
99.25%. Such result was satisfactory enough 

 to generate accurate assay results. The 
detection limit was 0.01 mg/l caffeine in 
the sample test solution at a signal to noise 
ratio of 3. 

To prove the traceability and the accuracy 
of our analyses results, we participated in 
two proficiency testing schemes. The first 
was organized by FAPAS, Central Science 
Laboratory, Sant Hutton, York, United 
Kingdom, FAPAS Proficiency test 
0368/2007 - Acesulfame K, saccharin, 
caffeine and benzoic acid in Cola Soft 
Drink. 

The second was organized by Food and 
Consumer Product Safety Authority (Chek 
Working Group), Al Groningen, The 
Netherlands, CHEK Proficiency study 377 
- Acesulfame K, aspartame and caffeine in 
energy drink with two samples, A and B. 

The average caffeine concentration deter-
mined, the assigned values and the z-
scores obtained by our laboratory in the 
proficiency tests are presented in table 1. 

 
Table 1 – Results obtained by our laboratory at the proficiency tests 

 Matrices Assigned value 
(mg/l) 

Result 
(mg/l) z-score 

FAPAS Proficiency test 
0368/2007  Cola soft drink 120 122.95 0.3 

Energy drink A 175 173 -0.31 CHEK Proficiency study 
377/2007 Energy drink B 170 165 -0.55 

 
4.Conclusions 

An HPLC method with "diode array" 
detection was developed for the quantita-
tive determination of caffeine in carbonated 
beverages. The method provides stable 
retention times and a detection limit of 0.01 
mg/l for a signal-to-noise ratio of 3. The 
method was validated in terms of 
sensitivity, linearity range, reproducibility, 
repeatability, analytical recovery and 
robustness. The mean recovery of caffeine 
was 99.25%. 

The caffeine in the degassed and filtered 

 sample is separated by reversed phase 
chromatography on a 250 mm×4.6 mm 
i.d., 5 µm particle DS HYPERSIL C18 
column, detected by absorbance at the 
wavelength of 217 nm and quantified with 
a calibration graph. 
The proposed HPLC method for the 
simultaneous quantification of acesulfame 
K, saccharin, aspartame, caffeine and 
benzoic acid in cola soft drinks was found 
to be simple, precise, reproductible, 
sensitive and accurate and allowed the 
obtaining of good results at the 
proficiency tests. 
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