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Introduction 

High-performance liquid chromatography (HPLC) methods are 
commonly used for the analysis of caffeine in beverages1-3.  
Many popular soft drinks have a high percentage of caffeine (1,3,7-
trimethylxanthine) as an additive, an alkaloid that occurs naturally 
in the leaves, seeds and fruit of tea, coffee, cacao, kola tree and more
than 60 other plants. Because caffeine is a CNS stimulant and can pose
health risks for people with certain medical conditions, beverages 
containing the additive should clearly list the amount they contain.

The Food and Drug Administration (FDA) recommends a maximum
caffeine concentration of 65 milligrams per 12-ounce serving of cola
beverages, although it does not regulate the caffeine content of these
drinks. In 2004, all 25 countries in the European Union (EU) began
requiring that packaged drinks with more than 150mg/L of caffeine be
labeled "high caffeine content," followed by the caffeine content
expressed in mg/100mL4.  Considering the popularity of soft drinks
and the recommendation from the FDA and EU regulatory agencies,
an easy and rapid method for the quality control analysis of caffeine 
in beverages is important.

We report the successful analysis of caffeine utilizing two different 
TSKgel reversed phase columns: a TSKgel ODS-140HTP, 2.3μm,
2.1mm ID x 5cm column and a TSKgel ODS-100V, 5μm, 4.6mm ID x
15cm column. The 2.3μm particle size TSKgel ODS-140HTP columns
were introduced by Tosoh in 2007 to provide a combination of high
speed and high resolution, while operating at moderate pressure, thus
making these columns compatible with both UPLC® and conventional
HPLC equipment. The polylayer C18 bonding chemistry used to prepare
these columns results in highly efficient and durable columns.  
TSKgel ODS-100V columns are well suited for the separation of 
challenging small molecules, including polar compounds such as 
caffeine, which contain a significant hydrophobic portion.

Experimental conditions 

LC System: HP-1100 HPLC with Chemstation (ver B.03.01)

Columns:    TSKgel ODS-140HTP, 2.3μm, 2.1mm ID x 5cm 
TSKgel ODS-100V, 5μm, 4.6mm ID x 15cm

Mobile phase 
(Isocratic):                10% ACN in H20 containing 0.15% TFA

(TSKgel ODS-140HTP)
15% ACN in H20 containing 0.15% TFA
(TSKgel ODS-100V)

Flow rate:                 0.2mL/min (TSKgel ODS-140HTP)
1.0mL/min (TSKgel ODS-100V)

Injection volume:      10μL

Temperature:            40°C

Detection:                UV@275nm

High purity Sigma-Aldrich brand caffeine was used for the preparation
of stock solutions of caffeine USP (1.427mg/mL).  The standard was
filtered through a 0.45μm filter prior to injection.

Results and Discussion 

The caffeine USP standard eluted from a TSKgel ODS-140HTP
column within two minutes under isocratic chromatographic conditions
using a conventional HPLC system with moderate pressure limits. The
durability of the column was tested under these isocratic conditions
using a fresh TSKgel ODS-140HTP column and one run frequently 
for over a year (more than 1000 injections). No significant change in
elution profile was noted. Caffeine eluted at 1.922 minutes from the
new column while the used column yielded a retention time of 1.951
minutes (Figure 1). No significant change was observed in the day to
day reproducibility (data not shown).

Caffeine in Diet Coke® was also analyzed without any pre-column 
treatment using a TSKgel ODS-100V column under isocratic 
chromatographic conditions as described above (Figure 2A).  The 
samples were prepared by dilution with mobile phase, followed by 
filtration through a 0.45μm filter prior to injection. The caffeine peak in
Diet Coke was separated without any interference from the other
ingredients present in the formulation. Caffeine eluted at 5.161 
minutes, which is identical to the caffeine USP standard (Figure 2B).

Both the TSKgel ODS-140HTP and ODS-100V columns offer good
resolution and work equally well for the separation of caffeine.  If
analysis time is of a higher priority and high throughput separation is
needed using a conventional HPLC, then the TSKgel ODS-140HTP
column is the best choice.  If a relatively short analysis time of 5 
minutes is acceptable, the TSKgel ODS-100V is the column to use.

High Throughput Reversed Phase HPLC Analysis 
of Caffeine using TSKgel ODS-140HTP and 
ODS-100V Columns
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Figure 1. Isocratic Elution of Caffeine USP and Test of Column Stability using a
TSKgel ODS-140HTP, 2.3μm, 2.1mm ID x 5cm Column



Conclusions 

It is clearly demonstrated that a TSKgel ODS-140HTP reversed phase
column can successfully be used with a conventional HPLC system to
analyze caffeine with shorter run times and high efficiency. The 
long-term stability of this column is evident from this study.  

A TSKgel ODS-100V column can also be used for the separation of
caffeine, offering sharp peaks and high resolution.
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Figure 2A. Analysis of Caffeine from the Other Components of Diet Coke using
a TSKgel ODS-100V, 5μm, 4.6mm ID x 15cm Column
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Figure 2B. Analysis of Caffeine USP Standard using a TSKgel ODS-100V,
5μm, 4.6mm ID x 15cm Column
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