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An extraction-free method requiring microliter (μL) volumes has been developed for the determination of caﬀeine in beverages.
Using a pyrolysis-gas chromatography mass spectrometry system, the conditions required for the direct thermal desorption-gas
chromatography mass spectrometry (TD-GC/MS) determination of caﬀeine were optimised. A 5 μL aliquot was introduced to the
thermal desorption unit, dried, and thermally desorbed to the GC/MS. The response was linear over the range 10 to 500 μg/mL
(R2 � 0.996). The theoretical limit of detection (3 σ) was 0.456 μg/mL. No interferences were recorded from endogenous beverage
components or from commonly occurring drugs, such as nicotine, ibuprofen, and paracetamol. Replicate caﬀeine determinations
on fortiﬁed latte style white coﬀee and Pepsi Max gave mean recoveries of 93.4% (%CV � 4.1%) and 95.0% (%CV � 0.98%),
respectively. Good agreement was also obtained with the stated values of caﬀeine for an energy drink and for Coca-Cola . These
data suggest that the method holds promise for the determination of caﬀeine in such samples.
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1. Introduction
Caﬀeine is one of the most commonly consumed drugs,
with a long history of usage [1], being commonly used to
improve mental alertness and alleviate fatigue. It has been
found to give a number of both beneﬁcial and adverse
eﬀects on a wide range of conditions [2]. It is naturally
found in a number of commonly consumed beverages
such as in tea, coﬀee, and chocolate and is also commonly
added to a wide range of both alcoholic and nonalcoholic
drinks, medicines [3], and cosmetics [4] and is present in
some electronic cigarette e-liquids [5]. It is reported that
the majority of people regularly consumes caﬀeine [6, 7],
and coﬀee has been reported as the second most commonly consumed drink after water [8]. The prevalence of
caﬀeine in the society has also recently been highlighted by
its occurrence in the majority of human blood donations
[9].
Caﬀeine is one of the few drugs allowed in sport; its
beneﬁcial eﬀects in disciplines that require endurance, such
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as cycling [10], triathlon [11], and soccer [12], have been
reported. These beneﬁts result not from the initial increase in
heart rate and blood pressure but from the blocking of
adenosine receptors responsible for the feelings of fatigue by
similarly structured caﬀeine. Nevertheless, concerns have
arisen regarding caﬀeine consumption by vulnerable groups,
such as children [13, 14] or during pregnancy [15, 16].
Excessive caﬀeine consumption has been known to lead to
the condition “caﬀeinism,” reported to be characterised by
tinnitus, mood swings, diarrhoea, delirium, muscle tension,
and tremors [17, 18]. In more extreme cases, a number of
deaths have also been reported [19–21].
Caﬀeine levels in brewed beverages can exhibit wide
variation depending on the source and the preparation
method [22–25]. Even when purchased from the same
vendor, they can vary by as much as 46% from day-to-day
[23]. This can present an issue for those wishing to monitor
their caﬀeine consumption for religious [26], sporting
[10–12], or medical reasons [2, 15] and can be a problem for
suppliers and manufactures [27].
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Consequently, it is important to be able to determine
caﬀeine levels in beverages, and a wide range of analytical
methods have been utilised for its determination, including
infrared [28] and ultraviolet spectroscopy [29]. Electrochemical approaches, such as amperometry and voltammetry [30], have also been reported. Recently, techniques
such as laser desorption mass spectrometry [31] have also
been reported; however, more commonly, high-performance liquid chromatography [9, 22–25, 32–34] or gas
chromatography (GC) [35–41] is employed, and its application has recently been reviewed [42].
Although exhibiting a high melting point of 236.2°C [43],
caﬀeine undergoes sublimation at the relatively low temperature of 178°C [43] making it amenable to quantiﬁcation
by GC without the need for derivatization. However,
samples such as beverages oﬀer a number of problems for
analysis by GC such as the high aqueous content and the
presence of proteins, sugars, and fats that make direct introduction of the sample diﬃcult, and an extraction step is
required. However, such extraction steps can be time
consuming, labour-intensive, and lead to possible health and
safety and disposal issues. The formation of emulsions in
liquid extraction may also require further sample processing.
Alternatively, solid phase extraction [39] can be less time
consuming and is open to automation. However, this requires column conditioning and elution with organic solvents and some method of drawing solutions through the
solid phase extraction cartridge.
A possible alternative to these approaches is the technique of thermal desorption-gas chromatography (TD-GC).
This oﬀers a number of possible advantages, both in terms of
simplicity and speed and required sample size. Previously, a
number of studies have investigated the possibility of utilising TD-GC for the determination of caﬀeine in both
solution and for solids. However, these have either used a
prior extraction step [35, 39–41, 44, 45] or have been
qualitative studies [46]. In a recent study [47], we have
shown that direct introduction of aqueous samples can be
made without the need for tedious sample extraction procedures using a pyrolysis-gas chromatographic system. The
technique also oﬀers advantages in terms of health and
safety, avoiding the need for toxic solvents and their disposal. To our knowledge, there have been no previous reports describing such an approach for the direct
determination of caﬀeine in beverages. The aim of the
present study was to investigate the development of a
thermal desorption-gas chromatography mass spectrometry
(TD-GC/MS) method for the extraction-free determination
of caﬀeine in μL volumes of beverages.

2. Materials and Methods
2.1. Chemicals and Reagents. All reagents were obtained
from Sigma-Aldrich (Gillingham, UK) unless otherwise
stated. Deionised water was obtained from a Purite RO200Stillplus HP System, (Purite Oxon, UK) or a Sartorius
Arium mini Ultrapure Water System (Sartorius UK Ltd.,
Epsom, UK). Beverage samples were obtained from local
commercial outlets. Separate stock solutions of caﬀeine
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(99.0%), lidocaine (≥99%), methanol (≥99.9%), ethanol
(≥99.8%), acetonitrile (≥99.9%), nicotine (≥99%), paracetamol (99.0%), ibuprofen (≥99.8%), ethylene glycol
(99.8%), 1,4-butandiol (99%), ɣ-butyrolactone (≥99.9%),
1,4-hydroquione (≥99.9%), phenol (≥99%), 1-naphthol
(≥99%), and benzocaine (≥99%) were made by dissolving the
appropriate mass in deionised water to give 500 μg/mL
solutions. Working standards were then made by further
dilution with deionised water.
2.2. Instrumentation. Analytical standards and sample extracts were introduced via a CDS 5200 pyrolysis thermal
desorption instrument (CDS Analytical, Oxford, PA). The
CDS 5200 pyrolysis thermal desorption instrument conditions were as follows: drying temperature 80°C for 20 s;
desorption temperature 250°C for 2 minutes. Transfer line
250°C was connected to the injector port operating in the
split mode (10 : 1) of Agilent 6890 gas chromatography
coupled to Agilent 5973 Network Mass Selective Detector.
Chromatographic separations were undertaken using a He
mobile phase, at a constant ﬂow rate of 1.0 mL/min with a
HP-5MS capillary column (15 m × 0.25 mm ID, 0.25 μm ﬁlm
thickness, and 5% diphenyl–95% dimethylsiloxane phase).
The GC oven temperature was maintained at 100°C for 2
minutes, then programmed to 280°C at 40°C/minute, and
ﬁnally held isothermally for 3.0 minutes at this temperature.
The injector was held at 240°C, and the transfer lines were at
330°C. The source temperature was at 200°C. Chromatograms were recorded in the full scan mode (m/z 50 to m/z
500). The pyrolysis probe tube (CDS Analytical, Oxford, PA)
was cleaned between each sample or standard by heating to a
temperature of 600°C for 10 s. The pyrolysis thermal desorption instrument was controlled using DCI software
version 2.1.56 (CDS Analytical, Oxford, PA). Data processing and control of the GC/MS were undertaken using
Enhanced ChemStation version D.00.01.27 (Agilent Technologies, USA).
2.3. Sample Preparation. Suitable aliquots (10 μL to 100 μL)
of beverage samples were pipetted to a 1.0 mL Eppendorf
vial. A 100 μL aliquot of the internal standard solution (lidocaine, 500 μg/mL in water) was then added. The sample
was then diluted with suﬃcient deionised water to give a
500 μL total volume.
2.4. Sample Analysis. A suitable aliquot of this solution
(5 μL) was pipetted into a pyrolysis tube containing a plug of
glass wool (Fisher Scientiﬁc, Loughborough, UK) and placed
into the pyrolysis probe tube. The remainder of the procedure was then carried out under the automated control of
the CDS 5200 pyrolysis thermal desorption instrument. The
pyrolysis tube containing the sample was ﬁrst dried by
heating at 80°C for 20 s. The probe was then inserted into the
thermal desorption instrument and heated to 250°C in an
inert atmosphere (He) to thermally desorb the sample
components from the dried sample residue. The resulting
vapour was then focused onto an integrated Tenax
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3.3. Eﬀect of Chromatographic Starting Temperature. A
suﬃcient low enough initial chromatographic starting
temperature is required to focus target analytes on the
analytical column. However, the use of too low initial
starting temperature can lead to excessive run times, and in
addition, the time required for cooling back down to the
initial starting temperature between runs can become excessive. Consequently, it is important to identify the optimum chromatographic starting temperature. The parameter
was studied over the temperature range 60°C to 180°C. At
temperatures between 60°C and 100°C, no decrease in the
resulting peak height for caﬀeine was observed. However, at
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Figure 1: Eﬀect of introduced sample volume on the resulting fullscan caﬀeine GC/MS response. Numbers represent sample volume
in μL. Insert plot of peak area vs. sample volume.
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3.2. Choice of the Internal Standard. We investigated the
possibility of utilising several compounds as an internal
standard. Selection of these was based on the requirement
that they are water soluble and hence soluble in the sample
and should be thermally stable, allowing for their determination by TD-GC/MS. Consequently, we investigated 1,4hydroquinone as previously proposed by Lin et al. (2000),
c-butyrolactone, phenol, 1-naphthol, lidocaine, and benzocaine. Our investigations found that, upon storage in
aqueous solution, 1,4-hydroquinone formed purple colour,
presumably due to the formation of the corresponding
quinhydrone [48] leading to a question regarding its suitability. We next investigated c-butyrolactone as an internal
standard, but further investigations showed this to be naturally present in a number of beverages [49]. Unlike phenol,
lidocaine, 1-naphthol, and benzocaine were all found to
exhibit good chromatographic behaviour. However, both 1naphthol and benzocaine eluted at retention times notably
shorter than caﬀeine. As shown in Figure 2, lidocaine was
found to elute at a retention time close to caﬀeine and hence
concluded to be the best choice of the internal standard as it
should have very similar chromatography properties.
Consequently, we employed this as an internal standard in
further investigations.
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3. Results and Discussion
3.1. Eﬀect of Sample Volume. One major advantage of our
approach is that large aqueous sample volumes can be
readily introduced and then thermally dried before then
being transferred to the chromatographic column. Consequently, we investigated the eﬀect of sample volume over the
range 1 μL to 50 μL on the resulting chromatographic peak
for 23.5 μg/mL caﬀeine solution. As can be seen from Figure 1, over the range 1 μL to 20 μL, a linear relationship with
the resulting peak area (R2 � 0.997) for caﬀeine was obtained.
However, at sample volumes above 20 μL, the response
began to plateau. Consequently, in further investigations, a
sample volume of 5 μL was utilised.
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cartridge and thermally desorbed to the gas chromatograph
and the oven temperature program initiated. The pyrolysis
probe was then removed, and the remaining extracted
sample residue contained in the pyrolysis tube was removed
by heating at 600°C for 10 s.

3
×100000

International Journal of Analytical Chemistry

40
(ii)
30
20
10
0
2.5

3.5

4.5

5.5
6.5
Time, minutes

7.5

8.5

9.5

Figure 2: Typical chromatogram obtained for a 5 μL sample of
117 μg/mL caﬀeine (i) with lidocaine, internal standard (ii).

chromatographic starting temperatures between 120°C and
180°C, the resulting peak height was found to decrease
threefold. Consequently, in further investigations, an initial
starting temperature of 100°C was used. We utilised a fast
temperature ramp of 40°C/min so as to gain a short runtime.
Similarly, a relatively short isothermal period of 3 minutes at
280°C was also chosen to facilitate this as well. We found this
possible as no carryover issues were observed.
3.4. Precision, Calibration Plot, Limit of Detection, and
Quantiﬁcation. Standard solutions containing caﬀeine in
the concentration range 10–500 μg/mL were prepared in
deionised water and determined by the optimized TD-GC/
MS procedure. Quantiﬁcation was based on peak area
measurements taken from the total ion chromatogram.
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Figure 3: Typical chromatogram obtained for the latte style white coﬀee sample (a) and Pepsi Max (b). Caﬀeine (i) with lidocaine, internal
standard (ii).
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Figure 4: Typical chromatogram obtained for the energy drink (a) and Coca-Cola (b). Caﬀeine (i) with lidocaine, internal standard (ii).

Using lidocaine as an internal standard, the calibration plot
was found to be linear over the range studied, with an R2
value of 0.996. A coeﬃcient of variation of 3.1% was obtained
for replicate runs of a 23.5 μg/mL caﬀeine standard (n � 4).
The theoretical limit of detection, based on 3 σ, was calculated as 0.459 μg/mL of caﬀeine, and the limit of quantiﬁcation based on 10 σ was 1.53 μg/mL for a 5 μL sample.
This is an improvement on the detection limits reported
previously [50, 51].
3.5. Studies of Possible Interferences. Ethylene glycol, 1,4butandiol, 1,2-butandiol, and gamma-butyrolactone were all
found to elute with retention times (RTs) shorter than 5
minutes and were hence well resolved from both caﬀeine
(RT � 6.69 minutes) and the internal standard (RT � 6.81
minutes). Similarly, nicotine (RT 5.1 minutes) at 130 μg/mL
and ibuprofen (RT 6.0 minutes) at 127 μg/mL were also
found which did not interfere. Paracetamol, methanol,
ethanol, and acetonitrile were not detectable and did not

interfere with the determination of caﬀeine or the internal
standard.

4. Analytical Application
To assess the performance of the optimised TD-GC/MS
method, replicate determinations of caﬀeine in two fortiﬁed
and unfortiﬁed latte style white coﬀee and Pepsi Max were
undertaken. Aliquots of these were pipetted to separate
Eppendorf tubes, and the appropriate volume of the internal
standard was then added and the solution was diluted with
deionised water. A 5 μL aliquot of this was then introduced
to TD-GC/MS and examined using the optimised conditions. Figure 3 shows representative chromatograms for the
two unfortiﬁed beverage samples. The extracts showed welldeﬁned signals for caﬀeine and the internal standard, lidocaine. The mean caﬀeine concentration calculated for
the Pepsi Max sample was found to be 130 μg/mL
(%CV � 3.0%), in good agreement with the quoted caﬀeine
concentration of 129 μg/mL [52].
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Aliquots of the latte style white coﬀee and the Pepsi
Max sample were then fortiﬁed to have an overall caﬀeine
concentration of 440 μg/mL and 317 μg/mL caﬀeine by the
addition of 187 μg/mL and 200 μg/mL, respectively. Mean
percentage recoveries of 93.4% (%CV � 4.1%) and 95%
(%CV � 0.98%) based on ﬁve replicate samples were obtained. These data demonstrate that the proposed method
has promise for the determination of caﬀeine in beverage
samples. Mean percentage recoveries of 93.4% (%CV � 4.1%)
and 95.0% (%CV � 0.98%) were obtained for latte style coﬀee
and Pepsi Max , respectively.
Figure 4(a) shows a typical chromatogram obtained for
an energy drink (Monster Energy Absolutely Zero, Monster
Beverage Corporation). Investigations using the optimised
conditions gave a caﬀeine concentration of 301 μg/mL, a
value in close agreement with the stated label value of 300 μg/
mL. Two well-deﬁned peaks for caﬀeine (RT � 6.69 minutes)
and the internal standard, lidocaine, (RT � 6.81 minutes)
were obtained. A broader peak with a retention time of 3.20
minutes was also recorded from its mass spectra concluded
to result in the presence of glycerol in the beverage sample.
Further investigations of the caﬀeine concentration of CocaCola (Figure 4(b)) were undertaken, and a mean concentration of 96.9 μg/mL was obtained. This was in close
agreement with the literature caﬀeine concentration quoted
for this beverage, 97 μg/mL given by the manufacturer [53].
The chromatogram showed the presence of a number of
peaks resulting from sucrose which were found not to interfere with the determination of caﬀeine or the internal
standard.
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5. Conclusions
Our extraction-free method for the determination of caﬀeine
in beverages requires very little sample preparation, needing
only dilution with water and addition of the internal
standard. This oﬀers a number of advantages over commonly reported methods for the determination of caﬀeine
which require some form of sample clean-up or extraction
step. We believe that the approach developed here could
form the basis of a generic approach for the analysis of other
drugs. In future studies, we plan to investigate this further.
As far as we are aware, our report is the ﬁrst to describe the
use of a TD-GC/MS assay for the detection of caﬀeine.
With further investigation, it should be possible to develop the method further for the direct determination of
caﬀeine in solid samples. We will also study the possibility of
applying the developed method for the determination of
caﬀeine in blood and other biological samples.
The assay was free from interferences from common
beverage components or other common drugs. Use of fullscan mass spectrometry allows for better peak identiﬁcation
and the identiﬁcation of unknown sample components. It
should be noted that both improved selectivity and sensitivity would be readily obtainable via the application of
selective ion monitoring or even by simple ion subtraction in
postrun data processing. The small volumes of beverage (μL)
utilised oﬀer advantages for health and safety of the analyst
and in biomedical, food, and beverage investigations and to
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forensic science, where obtaining large samples volumes can
be a problem.

Data Availability
All related data are present in the submitted publication.

Conflicts of Interest
The authors declare no conﬂicts of interest.

Acknowledgments
The authors would like to thank the support of the Royal
Society of Chemistry Analytical Chemistry Trust Fund and
the University of the West of England, Centre for Research
in Biosciences. Kevin Sudlow and Sarah Almond are acknowledged for their technical assistance.

References
[1] B. B. Fredholm, “Notes on the history of caﬀeine use,” in
Methylxanthines. Handbook of Experimental Pharmacology,
p. 200, Springer, Berlin, Germany, 2011.
[2] R. Poole, O. J. Kennedy, P. Roderick, J. A. Fallowﬁeld,
P. C. Hayes, and J. Parkes, “Coﬀee consumption and health:
umbrella review of meta-analyses of multiple health outcomes,” BMJ, vol. 359, pp. 1–18, 2017.
[3] B. Shrestha and G. Jawa, “Caﬀeine citrate, is it a silver bullet in
neonatology?” Pediatrics and Neonatology, vol. 58, Article ID
391e397, 2017.
[4] E. Marchei, D. De Orsi, C. Guarino, S. Dorato, R. Paciﬁci, and
S. Pichini, “Measurement of iodide and caﬀeine content in
cellulite reduction cosmetic products sold in the European
market,” Analytical Methods, vol. 5, pp. 376–383, 2012.
[5] J. G. Lisko, G. E. Lee, J. B. Kimbrell, M. E. Rybak, L. ValentinBlasini, and C. H. Watson, “Caﬀeine concentrations in coﬀee,
tea, chocolate, and energy drink ﬂavored E-liquids,” Nicotine
& Tobacco Research, vol. 19, pp. 484–492, 2017.
[6] C. R. Mahoney, G. E. Giles, B. P. Marriott et al., “Intake of
caﬀeine from all sources and reasons for use by college
students,” Clinical Nutrition, vol. 38, no. 2, pp. 668–675, 2019.
[7] D. C. Mitchell, C. A. Knight, J. Hockenberry, R. Teplansky,
and T. J. Hartman, “Beverage caﬀeine intakes in the U.S,”
Food and Chemical Toxicology, vol. 63, pp. 136–142, 2014.
[8] M. S. Butt and M. T. Sultan, “Coﬀee and its consumption:
beneﬁts and risks,” Critical Reviews in Food Science and
Nutrition, vol. 51, no. 4, pp. 363–373, 2011.
[9] L. Chen and R. B. van Breemen, “Validation of a sensitive
UHPLC-MS/MS method for cytochrome P450 probe substrates caﬀeine, tolbutamide, dextromethorphan, and alprazolam in human serum reveals drug contamination of serum
used for research,” Journal of Pharmaceutical and Biomedical
Analysis, vol. 179, p. 112983, 2020.
[10] S. C. Lane, J. A. Hawley, B. Desbrow et al., “Single and
combined eﬀects of beetroot juice and caﬀeine supplementation on cycling time trial performance,” Applied Physiology,
Nutrition, and Metabolism, vol. 39, no. 9, pp. 1050–1057, 2014.
[11] S. Potgieter, H. H. Wright, and C. Smith, “Caﬀeine improves
triathlon performance: a ﬁeld study in males and females,”
International Journal of Sport Nutrition and Exercise Metabolism, vol. 28, no. 3, pp. 228–237, 2018.

6
[12] J. Del Coso, V. E. Muñoz-Fernández, G. Muñoz et al., “Eﬀects
of a caﬀeine-containing energy drink on simulated soccer
performance,” PLoS One, vol. 7, Article ID e31380, 2012.
[13] D. Hammond, J. L. Reid, and S. Zukowski, “Adverse eﬀects of
caﬀeinated energy drinks among youth and young adults in
Canada: a Web-based survey,” CMAJ Open, vol. 6, no. 1,
pp. E19–E25, 2018.
[14] S. Visram, M. Cheetham, D. M. Riby, S. J Crossley, and
A. A. Lake, “Consumption of energy drinks by children and
young people: a rapid review examining evidence of physical
eﬀects and consumer attitudes,” BMJ Open, vol. 6, Article ID
e010380, 2016.
[15] R. Wierzejska, M. Jarosz, and B. Wojd, “Caﬀeine intake
during pregnancy and neonatal anthropometric parameters,”
Nutrients, vol. 11, pp. 1–9, 2019.
[16] E. Papadopoulou, J. Botton, A.-L. Brantsæter et al., “Maternal
caﬀeine intake during pregnancy and childhood growth and
overweight: results from a large Norwegian prospective observational cohort study,” BMJ Open, vol. 8, Article ID
e018895, 2018.
[17] R. M. Foxx and A. Rubinoﬀ, “Behavioral treatment of caffeinism: reducing excessive coﬀee drinking,” Journal of Applied Behavior Analysis, vol. 12, no. 3, pp. 335–344, 1979.
[18] I. Lancu, A. Olmer, and R. D. Strous, “Caﬀeinism: history,
clinical features, diagnosis, and treatment,” in Caﬀeine and
Activation Theory. Eﬀects on Health and Behavior, B. D. Smith,
U. Gupta, and B. S. Gupta, Eds., pp. 331–347, CRC Press, Boca
Raton, FL, USA, 2007.
[19] S. Cappelletti, D. Piacentino, V. Fineschi, P. Frati,
L. Cipolloni, and M. Aromatario, “Caﬀeine-related deaths:
manner of deaths and categories at risk,” Nutrients, vol. 10,
no. 5, p. 611, 2018.
[20] S. Gbadebo, S. Colpus, and D. Felstead, “Case on caﬀeine
toxicity and learning points,” Journal of the Intensive Care
Society, vol. 18, no. 4, p. 354, 2017.
[21] A. W. Jones, “Review of caﬀeine-related fatalities along with
postmortem blood concentrations in 51 poisoning deaths,”
Journal of Analytical Toxicology, vol. 41, no. 3, pp. 167–172,
2017.
[22] T. W. M. Crozier, A. Stalmach, M. E. J. Lean, and A. Crozier,
“Espresso coﬀees, caﬀeine and chlorogenic acid intake: potential health implications,” Food Function, vol. 3, no. 1,
pp. 30–33, 2012.
[23] R. R. McCusker, B. A. Goldberger, and E. J. Cone, “Caﬀeine
content of specialty coﬀees,” Journal of Analytical Toxicology,
vol. 27, no. 7, pp. 520–522, 2003.
[24] J.-S. Jeon, H.-T. Kim, I.-H. Jeong et al., “Determination of
chlorogenic acids and caﬀeine in homemade brewed coﬀee
prepared under various conditions,” Journal of Chromatography B, vol. 1064, pp. 115–123, 2017.
[25] I. A. Ludwig, P. Mena, L. Calani et al., “Variations in caﬀeine
and chlorogenic acid contents of coﬀees: what are we
drinking?” Food Function, vol. 5, no. 8, pp. 1718–1726, 2014.
[26] B. A. Craig, D. P. Morton, L. M. Kent et al., “Religious afﬁliation inﬂuences on the health status and Behaviours of
students attending seventh-day Adventist schools in Australia,” Journal of Religion and Health, vol. 57, no. 3,
pp. 994–1009, 2018.
[27] L. S. Rosenfeld, J. J. Mihalov, S. J. Carlson, and A. Mattia,
“Regulatory status of caﬀeine in the United States,” Nutrition
Reviews, vol. 72, no. Sup 1, pp. 23–33, 2014.
[28] B. R. Singh, M. A. Wechter, Y. Hu, and C. Lafontaine,
“Determination of caﬀeine content in coﬀee using Fourier
transform infra-red spectroscopy in combination with

International Journal of Analytical Chemistry

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

attenuated total reﬂectance technique: a bioanalytical
chemistry experiment for biochemists,” Biochemical Education, vol. 26, no. 3, pp. 243–247, 1998.
A. Tautua, W. B. Martin, and E. R. E. Diepreye, “Ultra-violet
spectrophotometric determination of caﬀeine in soft and
energy drinks available in yenagoa, Nigeria,” Journal of Food
Science and Technology, vol. 6, pp. 155–158, 2014.
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