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Abstract

Caffeine is odorless, bitter taste substance which can be naturally found in coffee, cocoa, tea leaves, and is intentionally added in food
and pharmaceutical products. It can also be found in surface water in small concentrations where is often used as an excellent indicator
of human waste. The aim of the work is determination of caffeine content in food, beverages, analgesics and surface water using solid-
phase extraction followed by high-performance liquid chromatography (HPLC). Caffeine content was determined in 12 commercial tea
and coffee products, non-alcoholic energy drinks and food, 5 combined preparations of analgesics and the Danube samples collected from
7 representative locations. The results showed that caffeine content in food ranged 5,6-158 mg/100 g, tea samples 24,71-30,81 mg/100 ml,
coffee samples 1328-3594 mg/100 g, energy drinks 9,69-30,79 mg/100 ml and in the Danube samples 15,91-306,12 ng/l. Caffeine content
in combined commercial formulations of non-narcotic analgesics of all brands did meet specifications. The data suggested that the proposed
HPLC method can be used for routine determination and control of caffeine content in different matrices.
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Introduction

Caffeine is an odorless and slightly bitter methylxan-
thine derivative that can be naturally found in the coffee
and cocoa beans, tea leaves and other plant species (Ama-
re and Admassie, 2012; Castro et al., 2010). It can be con-
sumed in the form of coffee, tea, cocoa, chocolate and pop-
ular carbonated energy drinks where is intentionally added.
Moreover, it is considered to be one of the most common-
ly consumed drug with more than 80 percent of the world’s
population consuming caffeine daily (Carrillo and Benitez,
2000; Norton et al., 2011). The Europeans are found to be
the world’s largest consumers of caffeine intake of approx-
imately 4.6 kg/person/year. Caffeine is quickly absorbed
by the body. The human salivary level, which indicates the
extent of absorption, peaks around 40 minutes after caf-

* rakic.branislava@gmail.com

feine consumption (Chou and Bell, 2007). This pharma-
cologically active substance stimulates the central nervous
system, increases heartbeat rate, dilates blood vessels and
works as a weak diuretic. However, the high amounts of
caffeine can cause trembling, nausea, nervousness and sei-
zure. A fatal dose of caffeine has been evaluated to be more
than 10 g (about 170 mg/kg of body weight). It is also con-
sidered to be a risk species for cardiovascular diseases, kid-
ney malfunction, asthma, and may also cause hyperactiv-
ity (Abebe et al., 2008; Carvalho et al., 2012; Evans and
Griffiths, 1992).

Other important usage of caffeine is as an analgesic ad-
juvant in drug formulations for the treatment of headache
and pain related to postpartum, postoperative, and dental
surgery and it is therapeutically applied for the treatment of
migraine in combination with other drugs such as aspirin,
paracetamol and tramadol. According to literature, adding
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caffeine to pain analgesics can make pain pills work 40 %
more effectively. This added boost to medications pain-re-
lieving ability allows you to take less medication and re-
duce the risk of becoming the addicted to the pharmaceuti-
cal preparation especially if it contains opioid component.
Caffeine also eliminates possible sedative effects that can
be evoked by various analgesics. Together with its light
mood-elevating effects, it contributes to the completeness
of the desired therapeutic effect for patients (Madhusud-
han, 2013; Straube et al., 2011). However, a person taking
combined drugs containing caffeine are more likely to ex-
perience adverse effects like tachycardia, anxiety and ecto-
pic beats (Sawynok, 2011).

The presence of the pharmaceutical residues in the en-
vironment has become the subject of growing concern in
the past decade. Due to the continuous input that leads to
the long-term adverse effects on the aquatic and terrestrial
organisms, the special attention is being paid to their con-
centration levels in the aquatic environment. Pharmaceu-
ticals are poorly degradable and can pass through all the
natural filtrations and reach ground water and ultimate-
ly drinking water. Caffeine can be found in traces in sur-
face water. The main paths for caffeine to enter wastewa-
ter stream are either in urine or when caffeine-containing
products are discharged through household pipelines or
sewers (Seiler et al., 1999). Determination of caffeine in
surface water is an important task for environmental re-
searches and analysis because it is found to be a good indi-
cator for human sewage because of its relatively high con-
centrations in surface water and its unambiguous anthropo-
genic origin (Gruji¢ Letic¢ et al., 2015).

The most popular techniques for caffeine determina-
tion in different mixtures include HPLC, UV/Vis spectros-
copy, thin-layer chromatography, ion chromatography, etc
(Boshenska, 2013). All of the HPLC methods mainly used
C18 columns to determine caffeine content (Alvi and Ham-
mami, 2011; Coco et al., 2007; Tzanavaras and Themelis,
2007). Also, there is no known unique method developed
for caffeine determination from different matrices.

Accordingly, the goals of this study were to develope
and validate a matrix-specified HPLC method for caffei-
ne determination in food, beverages, surface water and
pharmaceuticals which is simple and easy to perform. This
method could have a widespread application in food, envi-
ronmental and pharmaceutical sciences.

Materials and methods

Chemicals

The standard of caffeine (99 % purity), acetonitrile
and methanol were obtained from Sigma (Deisenhofen,
Germany). Chloroform and tetrahydrofurane (THF) were
purchased from Mallinckrodt Baker Inc. (Phillipsburg, NJ,
USA). Ultra pure water was used for the preparation of all
solutions (Milli-Q-quality).

All solvents and reagents were of an analytical grade
unless indicated otherwise.

Instrumentation and operating conditions

Determination of caffeine was performed by HPLC.
The chromatography was using two-solvent isocratic
elution. The HPLC-diode array detection (DAD) model
Agilent HP 1100 system equipped with an autosampler
(Waldbronn, Germany) was used. The analytical column
was the Zorbax Eclipse XDB-C8 column (4.6 mm x 150
mm, i.d., 5 um particle size). Mobile phase was water-
THF (0.1 % THF in water adjusted to pH 8 with 0.1 M
NaOH) - acetonitrile (90:10) with a flow rate of 0.8 mL/
min. The HPLC mobile phase was prepared fresh daily and
filtered through a 0.45 um nylon filter. Run time was 10
min, column temperature 25 °C and analytes were detected
at 273 nm.

The Supelclean™ LC-18 SPE cartridges 6 mL (0.5
g) used for solid phase extraction were obtained from
Supelco, USA. The SPE was performed in a 12-position
Vacuum Manifold, Supelco, USA.

Preparation of stock and working standard solutions and
calibration

The standard stock solution of caffeine was prepared
by dissolving 10 mg of the standard substance in 10 mL of
water pH 8. The solution was stable approximately three
days under refrigeration (4 °C).

Working solutions were prepared by diluting 100 ul
of the stock solution to 1 mL with water pH 8 to obtain
concentration 0.1 mg/mL. (0.2-10) pL of working solutions
were injected into the HPLC system and the peak areca
responses were obtained (Fig. 1). A method of the external
standard calibration was used. Linear standard curve for
caffeine was determined by plotting masses versus area
responses and each calibration point was obtained as an
average of three injections.

Sample preparation and cleanup procedure

Samples for caffeine determination in food and bever-
ages were purchased at the Serbian market. Natural prod-
ucts Black tea, Mate tea, Green tea, White tea, Barcaffe
Classic, Nescaffe Classic and Cocoa powder were obtained
from Macval Tea D.O.O. (Novi Sad, Serbia), Nestle (Bel-
grade, Serbia) and Aleva (Novi Knezevac, Serbia). Coca
Cola, Red Bull and Pepsi were purchased from Coca Cola
HBC (Belgrade, Serbia) and Max Co. (Novi Sad, Serbia).
Baking and Milka chocolates were obtained from Max Co.
(Novi Sad, Serbia). The water extracts of teas were pre-
pared by boiling 5 g with 200 mL of water for 30 minutes.
The extracts were filtered and adjusted with water pH 8 to
10 mL and then subjested to the clean-up procedure de-
scribed later. Coffee samples (5 g) were extraced with 200
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Fig. 1. a) UV spectrum of caffeine; b) HPLC chromatograms of working standard solutions of caffeine

mL of boiling water for 5 minutes and filtered. The cocoa
powder (5 g), baking chocolate (8.85 g) and Milka choco-
late (8.22 g) were filled up to 200 mL of water and extraced
for 30 minutes at 60 °C in ultrasonic bath. The extracts
were filtered. The samples of fizzy drinks were degassed
for 15 minutes in ultrasonic bath to remove CO,. Prior the
clean-up procedure and analysis, extracts were filtered
through 0.22-pm nylon filters (Srdjenovic et al., 2008).

Samples for caffeine determination in surface water
were collected in amber bottles from seven representati-
ve locations of the Danube River on the teritory of Novi
Sad, Serbia, and stored at 4 °C until analysis. Samples were
collected in summer, fall, winter and spring under compa-
rable meteorological conditions at all sites for each sam-
pling. The water samples were taken in the middle of the
river and along the coast below the water surface (3 sam-
ples) and 100 meters downstream of the each sewage dis-
charge (4 samples). All samples were filtered through a
0.45-um Nylon membrane filter prior extraction (Grujic-
Leti¢ et al., 2015).

Tablets of analgoantipyretics containing caffeine were
purchased from pharmacies in the vicinity of Novi Sad,
Serbia. Twenty tablets from each brand were randomly se-
lected and weight individually using the electronic weigh-
ing balance. The weight (mean + standard deviation) was
calculated. The tablets were pulverized and average mass
of one tablet was weight and transferred to laboratory flask.
50 mL of water pH 8 was added and heated to the boiling
point. The samples were filtered directly in a separatory
funnel and extracted with 2x10 mL of chloroform. Chloro-
form solution was collected in a 125 mL Erlenmeyer flask
and anhydrous sodium sulfate was added to the solution
until it stopped clumping. The dried solution was decant-
ed in a round-bottom flask and evaporated to dryness un-
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der nitrogen. The residue of all samples was reconstituted
in 2 mL of water pH 8.

The Supelclean™ LC-18 SPE cartridges were con-
ditioned with 2 x 6 mL of chloroform, dichloromethane,
methanol and HPLC grade water. 10 mL of beverages and
food filtrates and 3 L of the Danube River samples were
passed through the SPE cartridges and the elutes were re-
jected. Caffeine was eluted from the SPE cartridges with
2x10 mL of chloroform into an evaporating flask. The so-
lution was evaporated to dryness under nitrogen. The res-
idue of all samples was reconstituted in 2 mL of water pH
8. Prior to the analysis, the samples were filtered through a
0.45 pm nylon filter and injected into HPLC system (Srd-
jenovic et al., 2008).

Statistical analysis

The statistical analyses were performed by MS Excel®
2013 software. Comparison of mean values of measured
parameters was performed by a one-way ANOVA (SPSS,
version 17).

Results and discussion

Determination of caffeine in food and beverages

The Food and Drug Administration (FDA) has
included caffeine in the list of substances that are generally
recognized as safe (Chou and Bell, 2007). Experimental
data for caffeine analysis in food and beverages are
presented in Table 1 and Figure 2. The results showed
that caffeine content in food ranged 5,6-158 mg/100 g, tea
samples 24,71-30,81 mg/100 ml, coffee samples 1328-
3594 mg/100 g and energy drinks 9,69-30,79 mg/100 ml.
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Table 1. Determination of caffeine content in beverages and food

Caffeine amount (mg/100 mL)

Sample No. Sample
1 Coca Cola
2 Red Bull
3 Pepsi
4 Black tea
5 Green tea
6 Mate tea
7 White tea
8 Barcaffe Classic
9 Nescaffe Classic
10 Cocoa
11 Baking chocolade
12 Milka chocolade

Retention time (min)

Caffeine amount (mg/100 g)

7.599
7.584
7.613

7.826
7.856
7.919
7.822
7.600
7.617
7.605
7.622
7.599

Determined value Declared value
9.69+0.221 <15
30.79+0.112 <32
11.91+0.099 <15

1263.15+0.455 -
1013.00+0.621 -
1116.7+0.770 -
980.52+0.821 -
1328.54+0.558 <2000
3594.71+0.772 -
48.91+£0.336 -
158.00+0.500 -
5.66+0.091 -

Data are expressed as the averages + standard deviations of triplicate measurements
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Fig. 2. Representative chromatograms of real samples containing caffeine (/): a) Mate tea; b) Cocoa; ¢) Danube sample

(Ratno ostrvo); d) Combined analgesic tablet (Caffetin®)
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Highest amount among teas was determined in black
tea and the lowest in white tea which is in an agreement
with the literature (Chin et al., 2008). Energy drinks have
become quite popular among adolescents and young adults.
Results from the Monitoring the Future study found that
among 22,000 U.S. secondary school students surveyed,
30 % reported using energetic drinks. The consumption
frequency is concerning due to serious side effects associ-
ated with caffeine intake such as heart palpitations, hyper-
tension, nausea and vomiting and in some rare cases even
death (Sather et al., 2016; Terry-McElrath, et al., 2014).
Of the carbonated sodas evaluated in this work, the high-
est caffeine concentration was found in Red Bull. In test-
ed food samples baking chocolate had the highest caffeine
amount (158 mg/100 g). The obtained values in this study
were consistent with the available manufacturer data.

FDA set the maximum concentration of caffeine only
in cola beverages at 32.4 mg of caffeine per 6-o0z bottle or
200 mg/L, but not in energy drinks and coffee beverages.
Because of the health concerns connected with caffeine in-
take, all caffeinated beverages and food should be careful-
ly used and include appropriate warning labels. Without caf-
feine value set on the label, consumers are left relatively
uninformed regarding its amount in these beverages (Chou
and Bell, 2007). Therefore, it is important to monitor caf-
feine content in beverages and food by establishing a more
precise, simple, rapid and low cost analytical method in or-
der to study its physiological effects on the human body’s
metabolism, including stimulating the central nervous sys-
tem and increasing blood pressure in the short term and food
quality (Rostagno et al., 2011; Sereshti and Samadi, 2014).

Determination of caffeine in the Danube River samples

Table 2 summarizes seasonal variations in caffeine
concentrations in seven selected sites along the Danube
River. Representative chromatogram of real sample (Ratno

ostrvo) is shown on Figure 2. Obtained results confirmed a
presence of this emerging substance in four samples taken
near wastewater discharges and followed the prediction that
caffeine would be present in areas of human impact. The
highest caffeine concentrations were found at the site “Beo-
gradski kej” and the lowest (under the limit of detection)
were found in the middle and on the left and right side of
the Danube River, the sites furthest from direct human im-
pact. Mean caffeine concentrations for summer, fall, win-
ter and spring periods were 24.78 ng/L, 26.83 ng/L, 24.61
ng/L, and 86.29 ng/L, respectively. The highest mean caf-
feine concentration was detected in samples collected in the
spring period. This seasonal difference could be the result
of variations in environmental conditions such as rainfall
and temperature or different seasonal caffeine intake. There
was no significant difference between mean caffeine con-
centrations determined for summer, fall and winter period
in our study. Obtained results are in an agreement with the
study performed in the Spain where highest values were de-
termined in samples collected in the spring period (Fernan-
dez et al., 2010). Highest mean caffeine concentration in
our research (86.29 ng/L) is lower than one obtained in re-
cent publication analyzing Danube River samples for this
pharmaceutically active substance (137 ng/L) (Loos et al.,
2010). Evaluation of potential risk for aquatic organisms in
our research showed that it belonged to Class II (sublethal
effects on the aquatic organisms) (Gruji¢ Leti¢ et al., 2015).
This indicates that potential risk for chronic effects may oc-
cur in resident organisms in the long-term period and that
appropriate treatment of wastewater would be essential in
prevention of the potential pollution.

Determination of caffeine in the combined commercial
formulations of non-narcotic analgoantipiretics

As per published literature, adding caffeine to pain
analgesics such as paracetamol and tramadol can make

Table 2. Seasonal monitoring of caffeine concentrations in the Danube samples

Caffeine amount (ng/L)

Sampling site Norten latitude  Eastern longi- Spring Winter Summer Autumn
tude
Cepelin 45°15°5,42”N  19°51°22,95”E  306.12+0.082  42.80+0.011 27.78+0.009  39.90+0.006
Beogradski kej  45°15°44,4”N  19°51°28,46”E  228.014£0.045  81.70+0.028  37.40+0.001 84.24+0.033
Rokov potok 45°152,2”N 19°54°9,92”E 31.11+0.023 15.91+0.009  84.05+0.030  28.84+0.009
Ratno ostrvo 45°15°11,84”N  19°54°40,18”E 39.20+0.011 31.93+0.013 24.28+0.007  34.88+0.007
Danube middle  45°14°34,91”N 19°54°55,53”E n.d. n.d. n.d. n.d.
Danube left 45°14°33,24”N  19°55°5,08”E n.d. n.d. n.d. n.d.
Danube right 45°14°30,61”N  19°54°48,52”E n.d. n.d. n.d. n.d.

Data are expressed as the averages + standard deviations of triplicate measurements

n.d., not detected
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Table 3. Determination of caffeine content in combined commercial formulations of non-narcotic analgoantipiretics

Sample Brand name Expiry date Serial No. Weight (mg) Determined caffeine  Declared caffeine
No. amount (mg) amount (mg)
1 Panadol Extra 03-2017 FF7L 760.00+0.88 64.28+0.500 65
2 Kofan Instant 02-2020 93330216 560.00+0.33 48.22+0.771 50
3 Oldon 04-2017 56221525 636.60+0.28 48.90+0.892 50
4 Caffebol 01-2018 M500256 628.80+0.55 50.37+0.333 50
5 Caffetin 06-2017 738560614 631.70+0.10 48.88+0.454 50

Data are expressed as the averages+ standard deviations of triplicate measurements

pills work more effectively. Also, caffeine has been found
to accentuate the analgesic effects of acetaminophen and
acetyl salicylic acid in a broad collection of pain states
such as dysmenorrhoea, cancer pain, post-partum pain,
sore throat and dental post-surgery pain. Caffeine mitigates
the protein synthesis of COX-2. In this way it enhances
analgesia in combination with paracetamol. Studies showed
that caffeine accelerated acetaminophen absorption which
resulted in its enhanced and prolonged analgesic activity.
Some clinical studies were performed to evaluate caffeine
as an analgesic adjuvant from patients with postpartum
uterine cramping or episiotomy pain, headache, backache
and abdominal cramping. These studies showed that to
obtain the same amount of response, approximately 40 %
higher dose of analgesic without caffeine was requested
than one with caffeine (Madhusudhan, 2013; Renner et al.,
2007).

The results of the assay of chemical content using
HPLC analysis to determine the amount of caffeine
present in each brand of combined analgesics in this work
are shown in Table 3 and Figure 2. All the brands met
compendia requirements with regards to uniformity of
weight. The caffeine content varied from (96.48-100.74)
% of the declared value. The requirements of the British
Pharmacopoeia (2011) include (95-105) % of active drug
content. According to obtained data it can be concluded
that all brands did meet this specification in the HPLC
assay method.

The results of this study indicated that proposed
HPLC method could be used for routine determination and
quality control of caffeine content in combined tablets of
analgesics.

Conclusion

The results of food and beverages analysis showed
that caffeine content was consistent with the available
manufacturer data and obtained data for combined
commercial formulations of non-narcotic analgesics of all
brands did meet specification of the British Pharmacopoeia
for active drug content.

Testing the surface water samples for caffeine

showed that significant concentrations were found at the
sampling sites near the wastewater discharges. Calculating
the potential risk for aquatic organisms in our research
showed that potential risk for chronic effects may occur in
resident organisms in the long-term period and appropriate
treatment of wastewater would be essential in prevention
of the potential pollution. Knowing that there is black box
in methodology as well as in the legislation of emerging
contaminants for surface water and that the quality of
surface water is of great importance for risk management
and health and safety environment, this work could have a
widespread application in environmental sciences.
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Pe3nme

KBaHTUTATUBHO onpeae/ieyBambe HA KOPEerH BO Pa3IHUYHKI
MATPUIHU

Hegrena ['pyjuk-Jleruk!, bpanucnasa Pakuk'>*, Emunuja llledep', Maja MunaHoBuk',
Maja Hukmuk!, iBana Byjuk!, Hararra Munuk!

'Vuusepsuitiemni o9 Hosu Cag, Meguyurcku @axynitiein, 21000 Hosu Cag, Cpbuja
2Vhueepsuitieiticka busnuc Axagemuja 6o Hosu Cag, @apmayesiticku Paxynitiein, 21000 Hosu Cag, Cpbuja

Kiyunu 300poBu: anaireTuid, kopeut, xpana, HPLC, moBpiirHCKH BOIH

Kodeunnor e cyncranija, 03 MUPHUC, CO TOPWIKB BKYC, KOja IIPUPOTHO c€ CpeKaBa Bo kKaheTo, KakaoTo, U BO JTUCTOBHUTE
0]l 4aj, a HAMEPHO Ce J0/[aBa BO XpaHara U (hapMarieBTCKuTe Mpou3Boan. VIcTo Taka, MOKe 1a ce Hajlie U BO MOBPIIMHCKATA
BOJIa BO MaJld KOHIICHTPAIUH, KaJe MITO YeCTO C€ KOPHCTH KaKO OJTMYCH MHAMKATOP 3a TMPHUCYCTBO HA YOBEUKU OTIA]I.
IlenTa Ha OBa UCTPAXYBabE € OMPEICyBake HA COAPKIHATA HA KODEHH BO XpaHa, MHjaIONH, aHAITECTHIM U MOBPIINHCKA
BOJH CO IBpCTO-(ha3Ha EKCTPaKIMja MpocieaeHa co Teuna xpomartorpaduja moxa Bucok nputrcok (HPLC). Coapxunara
Ha ko(erH e yTBplieHa BO 12 KOMEepLHMjaHU IPOU3BOIM O 4aj U Kade, OS3aIKOXOIHN €HePreTCKU MHjaialy U XpaHa, 5
KOMOMHMpAHH Tpernapard Ha aHAIreTHIM W NpUMepolH coOpaHu on pekarta JlyHaB ox 7 penpe3eHTaTHBHH JIOKALUH Ha
teputopujara Ha HoBu Can, CpOuja. Pesynrarure nokaxaa Jiexka CoApKUHaTa Ha KOheuHOT ce JBxkH ox 5,6-158 mg/100
g Bo xpaHara, 24,71-30,81 mg/100 ml Bo nmpumeporure o 4aj, 1328-3594 mg/100 g Bo mpumeporute ox kade, 9,69-30
79 mg/100 ml Bo eneprerckure nujaionu u 15,91-306,12 ng/l Bo npumepouute codpanu ox pexkara [lynas. Coxpxxunara
Ha koheMH BO KOMOMHAIMjaTa Ha KOMeEpIUjagHu (HOpMyJalMi Ha HE-HAPKOTHYHH AHAJITCTHUIM HAa CHTE OPEHIOBH T'H
3aj0BoTyBa crienrpukanuute. [Tomaromure cyrepupaar neka npeanokeHnor HPLC Meton Moke J1a ce KOPUCTH 33 PyTUHCKO
OTpeNieNyBamke U KOHTPOIIA Ha COMPKUHATA Ha KODEHH BO PA3IMYHI MATPHIIH.
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