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Thi Thanh Dieu Phan, Miroslava Bittova, Kamil Mikulasek, Viastimil Kubarn,
Stanislav Kraémar, Pavel Valasek, Blanka Svobodova

ABSTRACT

Content of 4(5)-methylimidazole (4-Mel), caffeine and chlorogenic acid in commercial coffee brands were determined
using high-performance liquid chromatography (HPLC) with UV DAD and MS detectors. Positive ion ESI mass spectra of
the 4-Mel standard yielded intense signals corresponding to [M+H]* (83.0604) and [2M+H]* ions (165.1115). Also, adducts
of 4-Mel with acetonitrile from mobile were detected — [M+ACN]* ions (124.0849). The LOD of 2.5 ng mL™* and LOQ of
8.4 ng.mL* were calculated according to the following formulas: LOD = 3.SD/S, and LOQ = 10.SD/S, where S is the slope
of the calibration curve and SD is the standard deviation of the noise. The caffeine content was compared to the results of
the standard addition, 1% derivative and liquid-liquid extraction spectrophotometry. 4-Mel was in tens pg g* in the
Vietnamese coffees while in units pg.g? in all Czech and Brazilian coffees (<2.4 pg.g*and <4.9 pg.g?, respectively). The
results for caffeine were within the documented range (0.31 — 2.20%) in all coffee samples. The lower content of caffeine
and chlorogenic acid was observed in Vietnamese coffees. All the methods used for determination of caffeine in the Czech
and Brazilian coffees gave acceptable precision and accuracy. However, there were significant differences in the results in
Vietnamese coffees. The caffeine extractability (100 °C, 3 min brewing) almost reached 100% in Czech and Brazilian
coffees, while it was less than 90% in Vietnamese coffees. The Czech and Brazilian coffees tend to produce more caffeine

in brews than the Vietnamese coffee because of the different composition of blends and the particle size degree.
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INTRODUCTION

The study of 4(5)-methylimidazole (4-Mel) and
2-acetyl-4-(1,2,3,4-tetrahydroxybutyl)-imidazole (THI)
has recently become an important aspect of food
chemistry. In many studies regarding the identification of
the causes of carcinogenesis, 4-Mel has been a factor,
which could be associated with cancer risks (NTP, 2007;
OEHHA, 2010). 4-Mel can induce alveolar/bronchiolar
adenoma and carcinoma in male and female mice (Chan
et al., 2008). It can also inhibit the cytochrome P450
isoenzyme, which catalyzes the oxidation of many known
or suspected carcinogens of low molecular mass in the
human liver (Hargreaves et al., 1994). Thus, this
compound has been classified as a group 2B compound
“probably carcinogenic to humans” by the International
Agency for Research on Cancer (IARC, 2011). 4-Mel and
THI are undesired byproducts formed by heating
carbohydrates (glucose, sucrose, invert sugar, etc.) in the
presence of ammonia (Hodge, 1967; Kort, 1971;
Tomasik et al., 1989; Gobin a Phillips, 1991; Bradbury
et al., 1996). These compounds can be present in caramel
color products such as soy sauce, caramel colors,
carbonated soft drink, Worcestershire sauce, canned
coffee, dark beer etc. (Casal et al., 2002; Cunha et al.,
2011; Yamaguchi and Masuda, 2011). Because roasted
coffee beans are used for brewing coffee, the levels of
4-Mel can be considered to be significant. During the

roasting process (commonly 210 — 230 °C), the coffee
beans composition dramatically changes as a consequence
of pyrolysis, caramelization, Maillard and Strecker
reactions. The color of the beans is changing from light
brown to almost black, depending on cultural and personal
preferences; and the characteristic aroma of roasted coffee
is formed (Nicoli et al., 1997; Paul, 2009). However,
potential carcinogenic compounds may be also formed at
this temperature (Tressl et al., 1998). In recent years,
several researchers have focused on the determination of
4-Mel and THI contents using liquid chromatography
coupled to mass spectrometry (LC-MS). Both analytes
were determined in samples in canned coffee purchased
from Japanese local shops (Yamaguchi and Masuda,
2011) or in caramel, dark beers and roasted coffees
(Klejdus et al., 2006) after solid phase extraction (SPE).
Methods of gas chromatography with flame ionization or
mass spectrometric detection (GC-FID and GC-MS,
respectively) after ion-pair extraction were applied for
4-Mel determination in roasted coffee beans from Brazil
and Ivory Coast coffees (Casal et al., 2002) or in ground
roasted coffee purchased from Czech local company using
HPLC/ESI-MS via supercritical fluid (SFE) extraction
(Lojkova et al., 2006).

Caffeine (1,3,5-trimethylxanthine) is known as a central
nervous system (CNS) stimulant. It is naturally present in
leaves, seeds and/or fruits of at least 63 plant species
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worldwide, such as coffee and cocoa beans, tea leaves and
kola nuts (Barone and Roberts, 1996; Frary et al.,
2005). Coffee beans contain between 0.8 and 2.8%
caffeine, depending on species and origin. It contributes to
10 — 30% of the bitter taste of coffee brews (Burmester
and Eggers, 2010). The caffeine content in Coffea.
canephora (Robusta) is about two times that of Coffea
arabica (Arabica) (Monica, 1998). It is not significantly
changed during coffee roasting (Farah, 2009). However,
the amount of caffeine in coffee brewing substantially
varies according to the type of product (Arabica, Robusta,
or their ratio in blending), the grinding degree, brewing
methods and the serving size (Bell et al., 1996; Petracco,
2001). Robusta coffee tends to produce inferior quality and
aroma compared to Arabica coffee, but Robusta coffee is
cheaper; as a result, more Robusta coffee are mixed into
the blending products.

Raw green coffee beans are also rich in the content of
polyphenols and phenolic acids. Generally, simple
phenolic acids contribute to the acidity, bitterness and
astringency of the coffee and act in potential
biopharmacological properties (Basnet et al., 1996;
Tatefuji et al., 1996). Beside the substances, an important
group of polyphenolic compounds called chlorogenic acids
(CQA:s) is present (Clifford, 2000; Perrone et al., 2008).
The levels of CQAs vary from approximately 7.88 to
14.4% dry matter for Coffea canephora (Robusta) and
approximately 3.4 to 4.8% dry matter for Coffea arabica
(Ky et al., 2001). Higher amount of CQAs in green coffee
tends to produce an undesirable flavour because of
negative notes of their products of oxidation and
degradation prior to and during roasting. The methods for
CQAs determination are predominantly based on HPLC
(Monteiro and Farah, 2012; Gloess et al., 2013; Mills et
al., 2013).

The purpose of this study was to obtain information on
content of 4(5)-methylimidazole (4-Mel), caffeine and
chlorogenic acid (3-caffeoylquinic acid, CQA) in selected
Vietnamese, Czech and Brazilian ground roasted coffees.
Chromatographic methods with UV-VIS DAD and MS
detection systems were applied for identification and
quantitative determination of studied analytes. Further, the
caffeine content was compared to the results of the three
simple and rapid UV spectrophotometric methods
(standard addition, 1%t order derivative and liquid-liquid
extraction). Transfer efficiency of caffeine in Vietnamese,
Czech and Brazilian coffee samples was also compared
and discussed.

MATERIAL AND METHODOLOGY

Chemicals and reagents. Chloroform (CHCIs; 99%),
caffeine standard (>99%), chlorogenic acid (>99.5%),
sodium carbonate, methanol (for HPLC, >99.9%), were
obtained from Sigma Aldrich (Steinheim, Germany).
Formic acid (96.5%) was from LachNer (Neratovice,
Czech Republic). De-ionized water was from a Milli-Q
purification system (Millipore, Bedford, MO, USA). The
Vietnamese ground roasted coffee samples, including Dak
Tin (Ca phe Dak Tin Ltd.), Di Linh (Cty CP Che-Cafe Di
Linh), Nam Nguyen (Cong ty ché bién ca phé Nam
Nguyén), Origin (Céng ty TNHH mét thanh vién Tin
Nghia) and Vinacafe (Cong ty cd phan Vinacafe Bién

Hoa) were purchased at Saigon CO.OP, in HoChiMinh
Town, in Vietnam. The Czech ground roasted coffee
Czech Republic), Jacobs Aroma (Kraft Foods CR Ltd.,
Czech Republic), Marila Standard 100% Robusta (Mokate
Czech Ltd., Czech Republic), Jihlavanka (Tchibo Praha
Ltd., Jihlava, Czech Republic), Grande 100% Arabica
(Grande Ltd., Poland; imported by Kaufland, Czech
Republic), were purchased at local market in Zlin in the
Czech Republic. Coffee Caboclo Brasilia (D.E. Cafes do
Brasil LTDA., Sao Paolo, Brasil) represented Brazilian
coffees.

LC/MS determination of 4(5)-methylimidazole. Stock
solution of coffee (2.5 g in 45 mL water of 90°C) was
filtered and transferred into 50 mL volumetric flasks.
Ansys SPEC 3 mL SXC SPE cartridges (30 mg, Agilent
Technologies, Palo Alto, CA, USA) were used for solid
phase extraction after conditioning with 1 mL of methanol
and 1 mL of water. Sample solution (3 mL) containing
1000 pL of the stock solution of coffee, 1980 uL of water
and 20 pL of 0.1 M HCI was transferred on the SPE
cartridge, washed with 1 mL of methanol and eluted with
2 mL of methanol acidified with 5 M HCI (3:1). The
extract was evaporated to dryness and dissolved in 0.5 mL
of water. The solution was directly injected into the
LC/MS in aliquots of 10 pL.

Sample analysis was performed under gradient elution on
a Zorbax Eclipse XDB C-18 (Agilent Technologies,
4.6 x 150 mm, 5 pm) analytical column using mobile
phase consisting of 5 mM NH4OH (phase A) and
acetonitrile  (ACN, phase B) with following steps:
0 — 9 min: 2 - 20% ACN, 10 - 13 min: 20 — 2% ACN,
13 — 16 min: 2% ACN). Column temperature was set at
25 °C. Signal was monitored using UV detector at 215 nm.
MS spectra were recorded with an Agilent 6224
Accurate-Mass TOF  mass spectrometer  (Agilent
Technologies, Wilmington, DE, USA) calibrated in the
range 30 — 1700 m/z using an ESI tuning solution
(G1969-85000, Agilent Technologies). Dual electro-spray
ionization working in a positive mode was chosen. The
parameters were set as follows: nitrogen flow 6 L min* at
350 °C, nebulizer 40 psig, capillary voltage of 4.5 kV,
fragmentor voltage of 40 V and skimmer voltage of 65 V.
The MS spectra were recorded from 30 to 500 m/z and the
chromatogram for 4-Mel determination was extracted for
m/z 83.06.

HPLC measurements. Samples (0.2 g +0.001 g) of fine
ground roasted coffee and 20 mL of boiling distilled water
(100 °C) were extracted under reflux for 15 min. Clear
solutions were centrifuged for 15 min at 2500 rpm after
cooling to ambient temperature. Supernatant was filtered
through a membrane filter (45 um) and diluted with water
(2:5) and 20 pL were injected on a chromatographic
column.

A liquid chromatographic system 10 AVP consisting of
two LC — 10 ADVP chromatographic pumps, a GT — 154
degasser, a CTO — 10 ASVP column thermostat, and a UV
DAD detector SPD - MI10AVP was controlled by
a SCL — 10A unit with a Class — VP 5.02 software (all
from Shimadzu, Tokyo, Japan). An analytical
chromatographic column Luna C18 (250 x 3.0 mm,
particle size 5 pm) with a Luna C18 Security Guard
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column (4 x 2.0 mm, both Phenomenex, Torrance, CA,
USA) were for caffeine and chlorogenic acid
determination using mobile phase consisting of 3%
aqueous formic acid (phase A, pH 2.05) and methanol
(phase B) at flow rate 0.5 mL min? and under linear
gradient elution (0 10 min: O 30% B;
10 — 20 min: 30 — 40% B; 20 — 30 min: 40 — 100% B;
35 — 38 min: 100% B; 38 — 41 min: 100 — 0% B and
finally up to 50 min at 0% B). Caffeine was detected at
270 nm while chlorogenic acid was determined at 320 nm.
Injection volume was 20 pL. Column temperature was set
to 25 °C.

Standard addition UV spectrophotometric measurement.
Working standard solutions (10.0 — 16.0 ug mL1) for the
preparation of calibration curves were prepared by dilution
of caffeine stock solution (100 pg mL? in water). UV
spectrum was recorded against water over the wavelength
range of 190 — 300 nm. The concentration of caffeine in
coffee sample was obtained from the calibration curve
(y = 0.0503x + 0.2584, r?> = 0.998) in which y is
absorbance of sample and x is concentration of caffeine in
the samples.

First derivative UV spectrophotometric measurement.
The coffee solution (0.05 g in 50 mL of boiling water) was
filtered and the cold filtrate was diluted to 100 mL by
water. The first order derivative absorption spectra of
caffeine solutions (6.0, 8.0, 10.0 and 12.0 pug.mL™) were
recorded (see Figure 1) against distilled water in range of
190 and 300 nm. Peak-to-peak measurements (Alpdogan
et al., 2002) of two neighboring peaks of 260 nm (minima)
and 287 nm (maxima) were used for preparation of
calibration curve. The concentrations of caffeine were
calculated from the regression equation
(y = 0.0483x + 0.0107, r? = 1) in which y is peak-to-peak
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amplitude of the first order spectra at extreme of each
sample and x (ug mL™1) is concentration of caffeine in
samples. The % caffeine in coffee samples was obtained
by the following formula: (caffeine content/cake mass)
x 100, (cake mass: 0.05 g).

Isolation of caffeine from the coffee brews. Na,CO3
(0.2 g) was added to 10 ml of the filtrate (coffee solution)
to remove non-caffeine solids (Heilmann, 2001). The
filtrate was extracted 3 times for 10 minutes with 10 mL
CHCI; in each run. The combined extracts were diluted by
CHCls to 50 mL. The absorbance of the standard solutions
(10, 20, and 30 pg.mL?) and the sample solutions were
measured at 276.2 nm against CHCl; (AOAC method
979.11). The concentrations of caffeine were calculated
from the regression equation (y = 0.0489x, r2 = 0.9999) in
which y is absorbance of the sample and x is concentration
of caffeine in samples. The % of caffeine in coffee samples
was obtained by the above-mentioned formula.

Statistical evaluation. All results were statistically
evaluated using the variation statistics (ANOVA, StatSoft,
Prague, Czech Republic). Correlation matrices and
regression functions were calculated using the statistical
package Unistat, v. 5.5 (Unistat Ltd., England).

RESULTS AND DISCUSSION

LC/MS determination of 4(5)-methylimidazole. The
extracted ion chromatogram for 4-Mel (in concentration of
1 pg.mL?) and MS spectrum are shown in the Figure 2.
The retention time was 13.5 min. Positive ion ESI mass
spectra of the 4-Mel standard yielded intense signals
corresponding to [M+H]* (83.0604) and [2M+H]* ions
(165.1115). Also, adducts of 4-Mel with acetonitrile from
mobile were detected - [M+ACN]* ions (124.0849).

190,0 200 210 220 230 240

270 280 280 S00

e

2a0 260 a1

Figure 1 First derivative spectra of caffeine standards (6.0, 8.0, 10.0 and 12.0 pg mL), reference: water.
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Figure 2 Extracted ion chromatogram (m/z 83.06) and ESI negative spectrum of 4-Mel.

The content of 4-Mel in the coffee samples was
quantified using calibration curve (y = 21210-442
X + 5098.331, r? = 0.998) constructed from the peak area
of the extracted ion chromatogram at m/z 83.06. The
calibration was linear in the range 5 — 100 ng.mL™
The LOD of 2.5 ng mL* and LOQ of 8.4 ng.mL* were
calculated according to the following formulas:
LOD = 3.SD/S, and LOQ = 10.SD/S, where S is the slope
of the calibration curve and SD is the standard deviation of
the noise. The determined amount of 4-Mel varied in tens
of ug g* (13.1 — 58.1 pg.g?) in the Vietnamese coffees
(except of Vinacafe 5.1 pg.g*) while in units ug g in
Czech coffees (1.8 — 2.4 pg.gY) and Brazilian coffee

(4.9 pg.gl). All analyzed Vietnamese samples were
characterized by intensive, suave, non-typical coffee
aroma and differed from Czech and Brazilian samples in
consistency. Therefore, more than ten times higher 4-Mel
values observed in Vietnamese coffee samples relate with
different ways of roasting or processing and with different
composition of blends. Corn and soya, essential oils and
even butter are also used for blending because of benefit.
In some previous studies, observed values of 4-Mel in
roasted coffees were also lower and ranged between
0.31 — 1.24 pg.g* (Casal et al., 2002) and 0.39 — 2.05
ug.g* (Klejdus et al., 2006).
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Table 1 Content (mean £SD; in g g*) of 4(5)-methylimidazole (4-Mel) and content (mean +SD; in mg 100 g*) of
chlorogenic acid (CQA) in selected samples of Vietnamese, Czech and Brazilian coffees (n = 3).

. Brazilian
Vietnamese coffees Czech coffees coffee

Analyte

. - . . Nam Marila Jacobs Caboclo

Vina-cafe  DiLinh ~ Dak Tin  Origin Nguyen Standard  Aroma Brasilia

Content (mean+SD; in ug g?)
4-Mel 51403 58115 387+1.8 13103 29.1+0.4 1.8+0.1 2.440.1 4.9+0.1
Content (mean+SD; in mg 100 g1)
CQA 202.4£22.1 28.6+9.0 2208 59.9+£3.7 59.6 £0.1 683.4 £46.7 n.d. n.d.

n.d. - not detected

Table 2 Caffeine content (Cont.; mean +S.D.; in % w/w; n = 3) in coffee samples and transfer (T; in % w/w; n = 3) into
coffee brewing at 100 °C and for 3 minutes.

Extraction using

15t derivative

sample Standard addition CHCI: measurement? HPLC/DAD
Cont. (%) T (%) Cont. (%) T (%) Cont. (%) T (%) Cont. (%) T (%)
Dadék 6.51+0.06 93+2 2.11+0.04 97 +1 2.12 £0.01 94 +1 2.13+0.02 9543
Jihlavanka 8.03+0.07 91l 2202002 962 220004 991  219%0.03 972
Grande 9.98+0.08 99+1 1.98+0.01 95 +1 2.11 +0.01 100 %2 2.03+0.05 982
Jacobs Aroma 6.22+0.06 972 1.93+0.02 100 £1 1.83 +0.00 92 #1 2.01+0.02 961
Marila Standard ~ 7.04 £0.10 97 £2 2.10 +0.1 99 +2 2.11 +0.02 95 +1 2.13+0.01 991
Dak Tin 290+0.06 65+5 0.31+0.01 64 +4 0.57 +0.00 76 £6 0.63+0.01 6045
Di Linh 4.10+£0.16 686 0.57+0.01 70 £4 1.05 £0.04 73 15 0.68 +0.05 685
Nam Nguyen 450+0.01 64+3 1.030.02 77 £3 1.40 £0.01 85 £5 1.13+0.04 7516
Origin 555+0.11 664 1.45%0.01 90 +4 1.80 +0.00 86 +4 1.43+£0.03 89 7
Vinacafe 6.62+0.01 916 2.100.06 100 2 2.10 £0.01 98 +4 2.13+0.02 9945

@ measured at 265 and 289 nm for Dadak, Grande and Vinacafe, 268 and 290 nm for Jihlavanka, 266 and 289 nm for
Jacobs Aroma, 268 and 289 nm for Marila Standard, 265 and 284 nm for Dak Tin, 264 and 285 nm for Li Linh, 264 and

287 for Nam Nguyen, 263 and 284 nm for Origin

HPLC determination of caffeine and chlorogenic acid. A
five points calibration curve (y = 103858 x + 170.42,
r2 = 0.9999) was constructed as a peak area vs. caffeine
concentration for 2.5, 5, 10, 25 and 50 pg.mL* of caffeine
with LOD = 1.56 pg.mL* and LOQ = 5.20 ug.mL™*. The
calibration curve for chlorogenic acid was constructed
similarly with the concentration of 0.5, 1, 2, 10 and
20 pg.mL?t (y = 16340 x + 1.478, r> = 0.9999) with
LOD = 0.08 ug.mL? and LOQ = 0.25 pg.mL™. The
contents of caffeine and chlorogenic acid (see Tables 1 and
Table 2) were lower in Vietnamese coffees in comparison

with Czech coffee Marila Standard. Even in case of Dak
Tin sample, the found caffeine content was less than
3 ng.gt. While the content of caffeine is not so much
influenced by roasting time and relates mainly with the
coffee cultivars, the level of chlorogenic acid is roasting
time dependent and decrease with roasting duration
(Farah, 2009). Comparison of 4-Mel, caffeine and
chlorogenic acid content is illustrated in Figure 3. Our
findings indicate that Vietnamese coffee samples were
roasted longer than Czech samples which results in higher
content of 4-Mel and lower level of chlorogenic acid.
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Comparison of the spectrophotometric methods for
caffeine determination. The contents of caffeine

2000 — [ caffeine (mg 100g™")
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Figure 3 Comparison of caffeine, chlorogenic acid and 4(5)-methylimidazole content in
Vietnamese and Czech coffee samples.

determined by liquid chromatographic, 1% derivative
standard addition, and extraction spectrophotometric
methods were found to be within the documented range
(0.31 £0.01 and 2.20 £0.04%) in all the coffee samples.
There were no significant differences among the results in
all the Czech coffees. However, there were significant
differences in standard addition and other methods in all
the Vietnamese samples (1.2 — 1.8 times), except of the
Vinacafe sample (2.10 %0.06% and 2.10 0.01%,
respectively). This may be explained by a more significant
interference of matrices and different composition of
blends in the Vietnamese samples compared to the Czech
ones (see above). The caffeine contents of the Czech
coffees were higher than those of the Vietnamese coffees
in all samples. The caffeine extractability at 100 °C and
3 min of brewing (commonly used time for brewing
coffee) almost reached 100% in Czech coffees, while it
was less than 90% in Vietnamese coffees (see Table 2).
The particle size of coffee powders is probably major
cause of the differences in caffeine extractability between
Czech and Vietnamese coffee brands. Previous studies
have also shown that caffeine content in coffee was
influenced by grinding techniques (Bell et al., 1996). The
results showed that the caffeine contents of Grande (100%
Arabica) and Marila Standard (100% Robusta) were
1.98 +0.01% and 2.10 +0.1%, respectively. However, they
did not agree with the previous results published,
1.1 - 1.3% for Arabica and 2.4 — 2.5% for Robusta (Belitz
et al., 2009). This may be due to deception in blending
commercial ground roasted coffee.

CONCLUSION

The determination of 4(5)-methylimidazole, chlorogenic
acid and caffeine content in Czech, Vietnamese and
Brazilian ground roasted coffee brands illustrate
significant differences in the amount of the analytes. They
also indicate variant procedures in roasting and coffee
processing. The contents of caffeine in five Czech and five
Vietnamese coffees were also compared to the results of
the 1%t derivative, standard addition and extraction
spectrophotometry applying CHCIl; as an extraction
solvent. The Czech coffee tends to produce more caffeine
than the Vietnamese coffee because of the different
composition of blends and the particle size degree. All
methods can be successfully used for determination of
caffeine. However, there were significant differences in the
results among the standard addition and the other methods
in the case of the Vietnamese coffee brands. The first
derivative UV spectrophotometry gives 1.2 — 1.8 times
higher ~ results  compare to  the  extraction
spectrophotometric method.
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