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Abstract 
 

Caffeine and benzoic acid are found in many beverages. Diet beverages use calorie-
free artificial sweeteners to replace sugar. While saccharin was the first artificial 
sweetener, aspartame is the most common. Concentrations for each analyte were found in 
six samples. The samples include Coke Zero, Diet Coke from a can, Diet Coke from a 
fountain, TaB, a glass of water with Sweet n’ Low, and Nestle Diet Tea. The concentrations 
were found by constructing a calibration curve from mixed standards using the HPLC.  
 
Introduction 
 

Caffeine and benzoic acid are two important ingredients in soft drinks. Benzoic acid 
is used to preserve the beverage by inhibiting the growth of yeasts, mold, and some 
bacteria. Typical concentrations of benzoic acid range from 0.05% to 0.10%.1 A tolerable 
intake of benzoic acid for humans is 5mg/kg of body weight per day. Excessive benzoic acid 
can lead to liver and kidney health problems.2 Caffeine is a natural psychoactive stimulant 
found in many plants. It causes an increase in alertness and a decrease in tiredness. Its 
purpose in the plant is a pesticide because of the effects it has on insects. This affects can be 
fatal or cause paralysis.  

For diet beverages, aspartame and saccharin are used as calorie-free substitute, for 
sugar. Often, both sweeteners are used in diet sodas. TaB is the only soda that uses solely 
saccharin, but aspartame is the most common artificial sweetener in diet sodas. When 
aspartame is digested, it is broken down into three different chemicals: aspartic acid, 
phenylalanine, and methanol, while saccharin is not digested.3 Both sweeteners are usually 
used in small amounts since they taste hundreds of times sweeter than cane sugar. 

Using HPLC with duel wavelength detection allows the analysis of multiple analytes 
simultaneously at two different wavelengths, since not all chemicals absorb radiation at the 
same wavelength. For this experiment, wavelengths of 220nm and 270nm were used so 
that the absorbance for each analyte could be found.  

 
Experimental 
 
Mixed Standards 
 

A stock solution containing each analyte was made by putting 50 mg of caffeine, 47.6 
mg of aspartame, 56.7 mg of sodium saccharin, and 54.9 mg of benzoic acid in a 100-mL 
volumetric flask. The sodium saccharin and aspartame came from Sigma-Aldrich while 
caffeine and benzoic acid came from Fischer Scientific. The solution was then sonicated for 
five minutes to dissolve all the analytes completely. The solution was then diluted to the 
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mark giving an approximate concentration of 500 part per million for each analyte. The 
solutions were dissolved in 7% acetonitrile and 93% of an aqueous containing 2% glacial 
acetic acid and 0.5% ammonium acetate. The acetonitrile came from Fischer Scientific, the 
acetic acid came from Acros, and the ammonium acetate came from J.T. Baker. A ten to one 
dilution was made with this solution to give 50ppm. Then 2 mL, 5 mL, 10 mL, 15 mL, and 
25 mL were taken from the stock solution and placed in 50-mL volumetric flasks. This gave 
the six mixed standards, including the 50 ppm, that were used to construct a calibration 
curve for each analyte. Solutions containing only one analyte were made of unknown 
concentrations for a retention time reference. 
 
Sample Preparation 
 

Six different samples were found to compare the concentrations of the analytes. The 
samples used were Diet Coke from a can, Diet Coke from a soda fountain, Coke Zero, diet 
green tea, TaB, and a solution of water and a Sweet n’ Low packet, which contained 0.9780 
g. For each soda, approximately 20 mL was taken and sonicated to degas the samples. For 
each sample, 2 mL of were placed in a 50-mL volumetric flask along with 15 mL of 
acetonitrile; the flask was then diluted to the mark with DI water. Each sample was filtered 
with a syringe filter and then placed in autosampler vials. 
 
Instrument Preparations 

 
The HPLC instrument was a Varian ProStar. The column was a Phenomenex Kinetex 

2.6u XB-C18 100A with the dimensions of 50 x 4.6 mm. The mobile phase for HPLC 
consisted of 20% methanol and 80% of an aqueous solution containing a phosphate buffer 
at a pH of about 3. Two different wavelengths were used to measure absorbance; channel 
one was set at 220 nm and channel two was set at 270 nm. The injections were 10 µL. The 
flow rate was 1.0 mL/min. The column temperature was 350C. The run times were 11 min 
for the standards and 15 min for the beverages.  
 
Results and discussion 
 

To determine retention times for each analyte, a sample of each was run making it 
easier to analyze the mixed standards. It was determined that the retention times were 
approximately 1.5 min for saccharin, 2.75 min for caffeine, 4.75 min for aspartame, and 8.5 
min for benzoic acid.  An example of a chromatogram from a mixed standard solution is 
shown in Figure 1 and contains four peaks corresponding to the four analytes.  The group 
of peaks appearing just under 1 min is a result of the acetonitrile, acetic acid, and 
ammonium acetate that were used as part of the solvent for the standards.   
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Figure 1.  Chromatogram from a mixed standard. Peak 1 included acetonitrile, acetic acid, and 
ammonium acetate from the solvent. Peak 2 with a retention time of 1.5 min was saccharin. 
Peak 3 at 2.75 min was caffeine. Peak 4 at 4.75 min was aspartame. Peak 5 at 8.5 min was 
benzoic acid. 

The Diet Coke from a can was determined to have 131.925 ppm of caffeine.  The Diet 
Coke from the Maize was determined to have the same caffeine concentrations as the can.  
Coke Zero was determined to contain 100.250 ppm of caffeine.  TaB was found to contain 
144.500 ppm of caffeine.  The Diet Nestea was determined to contain 37.0 ppm of caffeine.   

The canned Diet coke was also found to contain 150.45 ppm of benzoic acid.  The 
Diet Coke from the Maize was found to have 123.875 ppm of benzoic acid.  Coke Zero was 
measured to contain 123.875 ppm of benzoic acid.  TaB contained 123.875 ppm of benzoic 
acid.  Diet Nestea contained 246 125 ppm.   

Diet Coke from the Maize was found to contain 161.875 ppm.  TaB was found to 
contain 135.925 ppm of saccharin at 220 nm.  The packet of Sweet ‘n Low in 500 mL of 
water was found to contain 99.575 ppm of saccharin at 220 nm. 

Diet Coke from a can was found to contain 476.0 ppm.  Diet Coke from the Maize 
was found to contain 40.25 ppm of aspartame.  Coke Zero contained 507.75 ppm of 
aspartame. Diet Nestea was measured to have 126.125 ppm of aspartame.   

The results shown contain all of the determined concentrations, in parts per million, 
of the four analytes. For each analyte concentration, data from the 220 nm was used 
because it gave more linear results than the data from 270 nm. There were no results for 
saccharin and aspartame at 270nm because these analytes do not absorb radiation at this 
wavelength. The chromatogram for the 270 nm wavelength did not have any peaks 
corresponding to aspartame. The chromatogram contained small peaks, but the calibration 
curve was not linear and the correlation between peak areas was very weak.  

Figure 2 summarizes the results of the experiment.  All results shown are in the 
range of what would be expected.  Literature values were only available for caffeine and 
each sample was close to the cited value. The results also show that aspartame is used in a 
much higher concentration than saccharin. This is because saccharin is more potent than 
aspartame and also gives a metallic after taste when used in higher concentrations. 
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Figure 2. A comparison of analyte concentration for each sample. 

The literature value of concentration of caffeine for diet coke is 46 mg/ 12 fl. Oz. and 
Coke Zero was 34 mg/ 12 fl. Oz. The values found were 48.8 mg/ 12 fl. Oz. for diet coke and 
35.58 mg/ 12 fl. Oz. for coke zero. This showed that our experiment provided accurate 
results. The known value for caffeine in TaB is between 40 and 50 mg/ 12 fl. Oz. and the 
results found were 51.28 mg/ 12 fl. Oz. There is no known value of caffeine for the tea 
because it is found naturally and is not added.  

Most of the results were what was expected except for the sample of Diet Coke from 
a fountain. It was surprising to see a significant concentration of saccharin and a lower 
concentration of aspartame in that sample because it would be expected that Diet Coke 
would be identical whether from a can or a fountain machine.  
 
Conclusions 
 
 After gathering all of our information, we can conclude that this method is adequate 
for the determination of different beverage ingredients. Using the HPLC allowed us to 
measure multiple analytes simultaneously. We were able to construct calibration curves for 
all four analytes and were able to determine concentrations of the analytes found in each 
beverage.  
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