
Food Chemistry 110 (2008) 1030–1035
Contents lists available at ScienceDirect

Food Chemistry

journal homepage: www.elsevier .com/locate / foodchem
Analytical Methods

Fast simultaneous analysis of caffeine, trigonelline, nicotinic acid
and sucrose in coffee by liquid chromatography–mass spectrometry

Daniel Perrone, Carmen Marino Donangelo, Adriana Farah *

Laboratório de Bioquímica Nutricional e de Alimentos, Universidade Federal do Rio de Janeiro, Instituto de Química, Departamento de Bioquímica,
Ilha do Fundão, CT bloco A, 21949-900 Rio de Janeiro, RJ, Brazil
a r t i c l e i n f o

Article history:
Received 12 September 2007
Received in revised form 18 February 2008
Accepted 4 March 2008

Keywords:
Coffee
Caffeine
Trigonelline
Nicotinic acid
Sucrose
LC–MS
0308-8146/$ - see front matter � 2008 Elsevier Ltd. A
doi:10.1016/j.foodchem.2008.03.012

* Corresponding author. Tel.: +55 2125627352; fax
E-mail address: afarah@iq.ufrj.br (A. Farah).
a b s t r a c t

A rapid liquid chromatography–mass spectrometry method for the simultaneous quantification of caf-
feine, trigonelline, nicotinic acid and sucrose in coffee was developed and validated. The method involved
extraction with hot water, clarification with basic lead acetate and membrane filtration, followed by
chromatographic separation using a Spherisorb� S5 ODS2, 5 lm chromatographic column and gradient
elution with 0.3% aqueous formic acid/methanol at a flow rate of 0.2 mL/min. The electrospray ionization
source was operated in the negative mode to generate sucrose ions and in the positive mode to generate
caffeine, trigonelline and nicotinic acid ions. Ionization suppression of all analytes was found due to
matrix effect. Calibrations curves prepared in green and roasted coffee extracts were linear with
r2 > 0.999. Roasted coffee was spiked and recoveries ranged from 93.0% to 105.1% for caffeine, from
85.2% to 116.2% for trigonelline, from 89.6% to 113.5% for nicotinic acid and from 94.1% to 109.7% for
sucrose. Good repeatibilities (RSD < 5%) were found for all analytes in the matrix. The limit of detection
(LOD), calculated on the basis of signal-to-noise ratios of 3:1, was 11.9, 36.4, 18.5 and 5.0 ng/mL for caf-
feine, trigonelline, nicotinic acid and sucrose, respectively. Analysis of 11 coffee samples (regular or
decaffeinated green, ground roasted and instant) gave results in agreement with the literature. The
method showed to be suitable for different types of coffee available in the market thus appearing as a fast
and reliable alternative method to be used for routine coffee analysis.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

Coffee is one of the most popular beverages in the world, being
appreciated for its characteristic taste and aroma and, more re-
cently, for its potential beneficial effects on human health. Typical
compounds in coffee that are relevant for flavor and/or bioactivity
are caffeine, trigonelline, nicotinic acid and sucrose (Trugo, 2003).

Caffeine is a xantine derivative known to stimulate of the ner-
vous central system and is generally associated with improve-
ments in alertness, learning capacity and exercise performance
when moderately consumed (Farah, de Paulis, Moreira, Trugo, &
Martin, 2006). Its characteristic bitter taste is an important deter-
minant for flavor formation (Farah, Monteiro, Calado, Franca, &
Trugo, 2006).

Trigonelline is a pyridine derivative known to contribute indi-
rectly to the formation of appreciated flavor products including
furans, pyrazine, alkyl-pyridines and pyrroles during coffee roast-
ing (Ky, Dussert, Guyot, Hamon, & Noirot, 2001). Demethylation
of trigonelline during coffee roasting generates nicotinic acid, a
water-soluble B vitamin also known as niacin. Since nicotinic acid
ll rights reserved.

: +55 2125628213.
produced during coffee processing is highly bioavailable in the
beverage, in contrast to natural sources where it is present in
bound form (Trugo, 2003), coffee is a significant source of this vita-
min in the diet (Trugo, Macrae, & Trugo, 1985). Moreover, trigonel-
line appears to have anti-invasive activity against cancer cells
(Hirakawa, Okauchi, Miura, & Yagasaki, 2005) and may regenerate
dendrites and axons, in addition to memory improvement in ani-
mal models (Tohda, Kuboyama, & Komatsu, 2005).

Sucrose, which is the most abundant simple carbohydrate pres-
ent in green coffee, acts as an aroma precursor during roasting,
generating several classes of compounds such as furans, aldehydes
and carboxylic acids that will affect the flavor of the beverage.

The contents of caffeine, trigonelline, nicotinic acid and sucrose
in commercial coffee may be highly influenced by coffee species,
variety, geographical origin and roasting conditions (Casal, Oli-
veira, & Ferreira, 1998, 2000; Knopp, Bytof, & Selmar, 2006; Ky
et al., 2001; Macrae, 1985; Monteiro & Trugo, 2005; Oosterveld,
Voragen, & Schols, 2003; Trugo, 1985). In addition to their impact
in coffee quality and flavor, the content of sucrose as well as the
trigonelline/nicotinic acid ratio can also be used as an indicator
of roasting degree by the coffee industry (Stennert & Maier,
1996). Therefore, the simultaneous determination of these compo-
nents both before and after coffee processing should be a useful
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tool for quality control of raw materials and for monitoring of cof-
fee roasting conditions.

There are several reported chromatographic methods for the
individual quantification of caffeine, trigonelline, nicotinic acid
and sucrose in coffee (Trugo, 2003; Trugo, de Maria, & Werneck,
1991; Trugo, Macrae, & Dick, 1983). Simultaneous methods using
HPLC/UV have also been reported for the combined analysis of caf-
feine, trigonelline and nicotinic acid (Alves, Dias, Benassi, & Scholz,
2006; Casal et al., 1998). However, there are no reports on simul-
taneous methods for coffee analysis including sucrose.

The analysis of sucrose and other carbohydrates in green coffee
is usually performed by HPLC with the use of refractive index
detection (de Maria, Trugo, & Corá, 1996). Recently, Alcázar, Jurado,
Martín, Pablos, and González (2005) proposed an enzymatic-spec-
trophotometric method for the analysis of sucrose in coffee beans.
However, sucrose analysis of ground roasted and instant coffees –
which have much lower sucrose contents as a consequence of its
rapid degradation during roasting – may be difficult with the use
of refractive index detector or by the enzymatic-spectrophotomet-
ric assay due to their low sensitivity. Alternatively, pulsed amper-
ometric (Bruggink, Maurer, Herrmann, Cavalli, & Hoefler, 2005;
Knopp et al., 2006; Murkovic & Derler, 2006), evaporative light
scattering (Nogueira, Silva, Ferreira, & Trugo, 2005; Trugo & Mac-
rae, 1982) and mass spectrometric (Nielsen, Granby, Hedegaard,
& Skibsted, 2006) detectors have been used for the analysis of
small amounts of simple carbohydrates in food samples, due to
their high sensitivity. Therefore, mass spectrometry could be a
detector of choice in order to incorporate sucrose analysis to HPLC
methods designed for caffeine, trigonelline and nicotinic acid anal-
ysis, especially in ground roasted and instant coffee samples.

The aim of this work was to develop and validate a rapid LC–MS
method for the simultaneous quantification of caffeine, trigonel-
line, nicotinic acid and sucrose that could be applied routinely to
different types of coffee available in the market.
2. Materials and methods

2.1. Standards and chemicals

Trigonelline and sucrose were purchased from Sigma (St. Louis,
MO, USA); caffeine from Vetec Química Fina (Duque de Caxias, RJ,
Brazil); nicotinic acid from Calbiochem (Los Angeles, CA, USA) and
basic lead acetate from Cromato Produtos Químicos (Diadema, SP,
Brazil). All solvents were HPLC grade from Tedia (Fairfield, OH,
USA). LC grade water was used throughout the experiments
(Milli-Q system, Millipore, Bedford, MA, USA).

2.2. Coffee samples

Thirteen different coffee samples were used in this study. A
decaffeinated green Coffea canephora, cv. Conillon sample was ob-
tained from the coffee industry and roasted in a commercial
spouted bed roaster (i-Roast� Model No. 40009, Hearthware Home
Products, USA) at 188 �C for 12 min. Both green and roasted Conil-
lon samples were used to validate the method. Eleven coffee sam-
ples were analyzed using the validated method to demonstrate its
applicability towards different kinds of coffee available in the mar-
ket. These samples included two good cup quality green samples
(C. arabica, cv. Mundo Novo and C. canephora, cv. Conillon), ob-
tained directly from producers in Guaxupé, Minas Gerais, Brazil;
seven ground roasted (six regular and one decaffeinated) and
two instant coffee samples, obtained from retail outlets. Roasting
degrees of ground roasted and instant coffee samples were deter-
mined by comparison with color disks from the ‘‘Roasting Color
Classification System” (Agtron-SCAA, Reno, NV, USA, 1995), follow-
ing the standards used by the Brazilian Coffee Industries Associa-
tion (ABIC).

2.3. Water content

To express the amount of trigonelline, caffeine, nicotinic acid
and sucrose on a dry weight basis (dwb), the water content of all
ground coffee samples was determined according to the AOAC
method (AOAC, 2000).

2.4. Sample preparation

Samples were extracted in triplicate according to a modification
of the method of de Maria, Trugo, Moreira, and Petracco (1995).
Briefly, 0.2 g of ground coffee was suspended in 60 mL of boiling
water and shaken at room temperature for 15 min at 300 rpm.
The mixture was filtered through filter paper (Whatman No. 1)
and washed with approximately 30 mL of water. In the case of in-
stant coffees, 0.1 g of the sample was directly diluted in 60 mL of
water at room temperature. For clarification of the extract, 2 mL
of saturated aqueous basic lead acetate solution was added, and
the final volume was made up with water to 100 mL. The colloidal
dispersion was then filtered through both filter paper (Whatman
No. 1) and 0.22 lm cellulose ester membrane (Millipore, Brazil).
The final extract was diluted with water (1:1) prior to LC–MS
analysis.

2.5. LC–MS analysis

The LC equipment (Shimadzu, Kyoto, Japan) comprised a LC-
10ADvp quaternary pump, a CTO-10ASvp column oven and an
8125 manual injector (Rheodyne) with a 5 lL loop. This LC system
was interfaced with a LC–MS 2010 mass spectrometer (Shimadzu,
Kyoto, Japan) fitted with an electrospray ion source.

Chromatographic separations were achieved using a Spheri-
sorb� S5 ODS2 Microbore HPLC column (150 � 2.0 mm, 5 lm,
Waters, Milford, MA, USA) maintained at a constant temperature
of 40 �C. The mobile phase consisted of 0.3% aqueous formic acid
(eluent A) and methanol (eluent B), delivered at a flow rate of
0.2 mL/min. Before injection, the column was equilibrated with
25% B. Immediately after injection, this proportion was changed
to 60% B until the end of the run at 6 min. In between injections,
5 min intervals were used for column re-equilibration with 25% B.

The electrospray ionization source was operated in the negative
mode from 0.0 to 2.2 min to generate the formic acid adduct of su-
crose (M+HCOO)� and in the positive mode from 2.2 to 6.0 min to
generate caffeine, trigonelline and nicotinic acid (M+H)+ ions. Neb-
ulizer gas (N2) flow was set to 3.0 L/min and desolvation tempera-
ture was adjusted to 300 �C. The mass spectrometer was operated
in the single ion monitoring (SIM) mode to detect caffeine, trigo-
nelline, nicotinic acid and sucrose pseudomolecular ions. Identifi-
cation of compounds of interest was performed by comparison
with retention time and molecular weight of the respective stan-
dard. Data were acquired by LCMSsolution software (Shimadzu
Corp., version 2.00, 2000) for the mass spectrometer.

2.6. Validation scheme

The method was validated for the determination of trigonelline,
caffeine, nicotinic acid and sucrose in green and roasted coffee
samples.

2.7. Calibration curves and matrix effect

Extracts of green and roasted decaffeinated C. canephora, cv.
Conillon were used to investigate the presence of matrix effect.
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The matrix effect was assessed ‘‘to ensure that precision, selectiv-
ity, and sensivity of the proposed method would not be compro-
mised” (FDA Food & Department of Health, 2001; Matuszewski,
Constanzer, & Chavez-Eng, 2003). This effect was evaluated by
comparing the slopes of the standard calibration curves prepared
in water with those prepared in green and roasted coffee extracts.
Calibration curves in the coffee extracts were prepared by diluting
the standard solutions prepared in water with the same volume of
the coffee extracts. Standard peak areas of calibration curves pre-
pared in green and roasted coffee extracts were corrected by sub-
tracting the peak areas of the compounds already present in the
corresponding blank extract. The means of two 4-point calibration
curves in water and of two 6-point calibration curves prepared in
the coffee extracts were obtained. The concentrations of the stan-
dards were selected in a way that they could cover a wide range of
concentrations detected. All calibration curves were forced
through the origin and linearly fitted.

2.8. Recovery

Ground roasted decaffeinated C. canephora, cv. Conillon was
used as blank matrix for the recovery experiments. The repeatibil-
ity was calculated using multiple (n = 4) determinations of the
recovery assay. Accuracy was determined in a recovery experiment
where the ground roasted decaffeinated Conillon coffee matrix was
spiked at three different levels – low, medium and high – for each
compound of interest. Those levels were chosen in order to mimic
the typical reported minimum, medium and maximum amounts of
these components in green or roasted coffee (Macrae, 1985; Trugo,
1985, 2003). For coffee matrix spiking, the appropriate amounts of
solid standards and of ground coffee were mixed and extensively
homogenized in a mortar. The extraction and LC–MS analysis of
four replicates of each spike level were carried out as mentioned
above. The quantification of trigonelline, caffeine, nicotinic acid
and sucrose in each spiked sample was based on the external stan-
dard method using the curves prepared in green and roasted coffee
extracts.

2.9. Limits of detection (LOD) and quantification (LOQ)

LOD and LOQ for each analyte were determined as the
concentrations equivalents to three times and 10 times, respec-
tively, the signal-to-noise ratio of the compounds of interest in
the lowest concentration of the calibration curve prepared using
the roasted coffee extract. Signal-to-noise ratios were calculated
by LCMSsolutions software, using the S/N calculation tool.

2.10. Statistical analyses

Data are presented as mean ± SD. Recovery results obtained
using the calibration curves prepared in green and roasted coffee
extracts were compared using the Student’s t-test. Sample results
were statistically treated by analysis of variance (ANOVA), fol-
lowed by Tukey’s multiple comparison test. Statistical analyses
were performed using Prism 4 for Windows, version 4.00 (Graph-
Pad Software Inc.). Differences were considered significant when
p < 0.05.
Fig. 1. Typical chromatographic separation of a mixture of sucrose (1; m/z = 387),
trigonelline (2; m/z = 138), nicotinic acid (3; m/z = 124) and caffeine (4; m/z = 195)
standards.
3. Results and discussion

3.1. Chromatographic separation

The optimization of the chromatographic conditions was fo-
cused in enhancing the ionization of the analytes as well as mini-
mizing the analysis time. Instrumental parameters affecting
ionization were nebulizer gas flow and desolvation temperature.
Maximum ionization was achieved with 3.0 L/min flow of N2 and
a desolvation temperature of 300 �C. Gradient elution was used
to reduce caffeine retention time, without affecting the separation
of the other analytes. Overall analysis time was reduced to 6 min,
comparably lower than in other published methods. Fig. 1 shows
a typical chromatogram for separation of caffeine, trigonelline, nic-
otinic acid and sucrose standards.

3.2. Method validation

3.2.1. Calibration and matrix effect
The slopes of the calibration curves prepared in water were

higher (from 1.5 times for caffeine to 8.5 times for trigonelline)
than those of calibration curves prepared in coffee extracts for all
of the analytes, indicating the presence of matrix effect by ioniza-
tion suppression (Table 1). Suppression of the analyte response due
to matrix effect has been extensively reported, especially when
analyzing complex matrices, such as biofluids, environmental and
food samples (Dams, Huestis, Lambert, & Murphy, 2003; King, Bon-
figlio, Fernandez-Metzler, Miller-Stein, & Olah, 2002; Matuszewski
et al., 2003). The slopes of calibration curves prepared in green and
roasted coffee extracts were approximately the same for caffeine,
trigonelline and nicotinic acid. For sucrose, the slope of the calibra-
tion curve prepared in the roasted coffee extract was approxi-
mately 25% lower than that of the calibration curve prepared in
the green coffee extract, indicating that ionization suppression of
sucrose was influenced by changes in the coffee matrix as a conse-
quence of roasting of green coffee. Similarly, during the LC–MS
analysis of sucrose in bread, Nielsen et al. (2006) found that this
compound suffered approximately 60% of ionization suppression
due to the food matrix. Therefore, calibration curves for sucrose
analysis should be prepared in green or roasted coffee extracts
depending on the kind of coffees that one wish to analyze.

3.3. Accuracy

The mean recoveries for the four analytes in each spike level are
shown in Table 2. Using the calibration curves prepared in the
roasted coffee extract, recoveries within 15% from unity were
found for the compounds of interest in the three spike levels, with
the exception of trigonelline low spike level (0.01 g/100 g coffee
dwb), which presented recovery over 200%. When using green ex-
tracts, recovery results were consistently lower than those ob-
tained when using roasted extracts, but they were still within
15% from unity, except for sucrose high spike level (5 g/100 g cof-
fee dwb), which presented a recovery of only 73%. Comparing
recoveries using the curves prepared in the green and roasted cof-
fee extracts, significant differences (p < 0.05) were found only for



Table 1
Calibration parameters for concentration curves prepared in water and coffee extractsa

Compound Preparation media Concentration range (lg/mL) nb Slope (area/concentration) R2c

Caffeine Water 0.10–10.00 4 1,141,872 0.9999
Green coffee 0.05–25.00 6 794,542 0.9995
Roasted coffee 0.05–25.00 6 769,700 0.9997

Trigonelline Water 0.08–8.00 4 2,798,193 0.9987
Green coffee 0.04–20.00 6 329,658 0.9991
Roasted coffee 0.04–20.00 6 328,274 0.9993

Nicotinic acid Water 0.10–10.00 4 1,756,402 0.9979
Green coffee 0.05–27.50 6 213,208 0.9994
Roasted coffee 0.05–27.50 6 208,601 0.9998

Sucrose Water 0.10–10.00 4 268,529 0.9890
Green coffee 0.05–25.00 6 113,375 0.9990
Roasted coffee 0.05–25.00 6 85,643 0.9994

a Coffee extracts were prepared from green and roasted decaffeinated C. canephora cv. Conillon.
b Number of concentration points considered for the linear regression. Each point represents the average of two injections.
c Correlation coefficient.

Table 2
Recovery and repeatibility of the proposed analytical method at three different spike levels of standard compounds in ground coffeea

Compound Spike level (g/100 g) n Recovery (%)b Repeatibility (%)c

Roasted extract Green extract

Caffeine 0.01 4 102.0 ± 4.0 98.8 ± 3.9 3.9
1.0 4 105.1 ± 5.0 101.8 ± 4.8 4.7

10.0 4 93.0 ± 1.9 90.1 ± 1.8 2.1
Trigonelline 0.01 4 220.0 ± 41.0 219.0 ± 39.8 n.d.d

0.1 4 116.2 ± 4.1 115.7 ± 4.1 3.5
1.0 4 85.2 ± 2.7 84.9 ± 2.7 3.2

Nicotinic acid 0.001 4 89.6 ± 4.4 87.6 ± 4.3 4.9
0.01 4 99.4 ± 1.5 97.2 ± 1.5 1.6
0.1 4 113.5 ± 3.6 111.0 ± 3.5 3.2

Sucrose 0.05 4 109.7 ± 5.3 85.1 ± 4.1 4.9
0.5 4 104.2 ± 4.6 80.9 ± 3.5 4.4
5.0 4 94.1 ± 3.0 73.0 ± 2.4 3.2

a Coffee extracts were prepared from green and roasted decaffeinated C. canephora cv. Conillon.
b Mean ± standard deviation.
c Repeatibility is given as the relative standard deviation (RSD).
d Not determined.

Table 3
Limits of detection (LOD) and quantification (LOQ) of the analyzed compounds in
coffee for instrument and analytical methoda

Compound LOD
(ng/mL)

LOQ
(ng/mL)

LOD in coffee
(mg/100 g)

LOQ in coffee
(mg/100 g)

Caffeine 11.9 39.6 1.2 4.0
Trigonelline 36.4 121.5 3.6 12.1
Nicotinic acid 18.5 61.7 1.8 6.2
Sucrose 5.0 16.5 0.5 1.6

a Determined as the concentrations equivalents to three times (LOD) and 10
times (LOQ) the signal-to-noise ratio of the analytes in the blank roasted decaf-
feinated coffee matrix.
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sucrose, in all three spike levels. This result was already expected
since green coffee had a lower matrix effect over sucrose than
roasted coffee (Table 2).

The above results, however, do not compromise the proposed
method, since trigonelline medium spike level (0.1 g/100 g coffee
dwb) is still lower than the minimum reported amount for this
compound in coffee (0.2 g/100 g coffee dwb). For sucrose analysis,
the same type of coffee that is being analyzed may be used as med-
ia for calibration curves preparation.

3.4. Precision

Repeatibility is given as the relative standard deviation (RSD) of
four replicates recovery experiments in Table 2. For caffeine, nico-
tinic acid and sucrose, good repeatibility (RSD < 5%) in all three
spike levels were obtained, whereas for trigonelline good repeati-
bility was found only in the medium (RSD = 3.5%) and high
(RSD = 3.2%) spike levels, with poor repeatibility in the low spike
level. Nevertheless, trigonelline analysis would not be compro-
mised since minimum trigonelline reported levels in coffee are still
higher than the medium spike level of this compound tested in our
study.

3.5. Limits of detection and quantification

Table 3 shows the calculated LOD and LOQ of the analytes of
interest. Caffeine, trigonelline and nicotinic acid LOD were in the
range of 11.9–36.4 ng/mL, approximately 5 times lower than those
found by Casal et al. (1998) using a diode-array detector. Caffeine
LOD was comparable to that reported by Zhu et al. (2004) using
the MS detector. Sucrose LOD (5.0 ng/mL) was considerably lower
than values reported elsewhere, using enzymatic-spectrophoto-
metric assays (LOD = 20.3 lg/mL) (Alcázar et al., 2005) or HPLC
with refractive index (LOD = 0.1 mg/mL) (de Maria et al., 1996),
evaporative light scattering (LOD = 5.0 lg/mL) (Nogueira et al.,
2005), mass spectrometric (LOD = 2.3 lg/mL) (Nielsen et al.,
2006) and pulsed amperometric (LOD = 1.1 lg/mL) detection
(Murkovic & Derler, 2006). The LODs in our study means that
the minimum detectable amount of caffeine, trigonelline, nicotinic
acid and sucrose in coffee are 1.2, 3.6, 1.8 and 0.5 mg/100g coffee
(dwb), respectively. These levels are much lower than the minimum
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amounts typically found in coffee samples for caffeine, trigonelline
and sucrose (Macrae, 1985; Trugo, 1985, 2003) and are similar to
the minimum reported amount in coffee for nicotinic acid
(1.6 mg/100 g coffee dry weight) (Macrae, 1985; Trugo, 1985,
2003).

3.6. Analysis of commercial coffee samples

In order to evaluate the applicability of the method, green and
commercial samples of regular and decaffeinated roasted and in-
stant coffees, roasted to different degrees (samples A–K), were ana-
lyzed. Fig. 2 shows typical chromatograms for green and roasted
Fig. 2. Typical chromatographic separation of (A): green coffee, represented by C.
arabica from Brazil (sample A); (B): ground roasted coffee, represented by C. arabica
from Colombia (sample G). 1 = sucrose (m/z = 387), 2 = trigonelline (m/z = 138), 3 -
= nicotinic acid (m/z = 124), 4 = caffeine (m/z = 195).

Table 4
Caffeine, trigonelline, nicotinic acid and sucrose contents in green and commercial coffee

Coffee sample Species Origin Colorb Caffei

Green coffee
A Arabica Brazil n.d.c 919.
B Robusta Brazil n.d. 1701.

Commercial ground roasted coffee
Regular
C Arabica Hawaii 35 851.
D Arabica Brazil 45 908.
E Arabica Brazil 55 843.
F Blend Africa 65 1456.
G Arabica Colombia 65 848.
H Arabica Brazil 65 930.

Decaffeinated
I Blend Brazil 55 20.

Commercial instant coffee
J Blend Brazil 65 2054.
K Blend Brazil 65 2163.

a Results are shown as the means of extraction in three replicates ± standard deviatio
b Roasting Color Classification System (Agtron – SCAA, 1995) where 65 = light medium
c Not determined.
d Not detected, below limit of detection.
regular coffee samples. The contents of caffeine, trigonelline, nico-
tinic acid and sucrose in these samples are shown in Table 4.

Caffeine values ranged from 843.3 to 930.9 mg/100 g coffee
(dwb) in green (A) and roasted (C, D, E, G, H) Arabica coffee sam-
ples. Caffeine content in Green Robusta coffee (B) was
1701.3 mg/100 g coffee (dwb), while in the ground roasted decaf-
feinated coffee sample (I) was only 20.4 mg/100 g coffee (dwb).
Caffeine amounts were similar in instant coffee samples (J and
K), with an average of 2106.0 mg/100 g coffee (dwb). All of these
results are in agreement with caffeine contents reported elsewhere
(Macrae, 1985; Trugo, 2003; Trugo et al., 1983, 1991).

Trigonelline contents in green Arabica (A) and Robusta (B) were
1029.8 and 900.6 mg/100 g coffee (dwb), respectively. The higher
content of trigonelline in green Arabica coffee in comparison to
green Robusta coffee (p < 0.001) was already expected, since it has
been extensively reported (Ky et al., 2001; Macrae, 1985; Trugo,
2003). In commercial roasted coffee samples (C–I), trigonelline val-
ues ranged from 279.7 to 955.9 mg/100 g coffee (dwb). Considering
only Arabica commercial coffee samples (C–H), trigonelline content
was inversely related to color intensity. This behavior, which has
previously been reported (Casal et al., 2000; Macrae, 1985; Trugo,
2003), is expected since trigonelline is thermally labile and degrades
during the roasting process. Additionally, when comparing samples
of different coffee species with the same color, we found less trigo-
nelline in sample F (blend of Arabica and Robusta) then in samples
G and H (Arabica coffees) (p < 0.001), which can be explained by
the lower content of trigonelline in Robusta species. The content of
trigonelline in instant coffee samples (J and K) was also in accor-
dance with previous studies (Trugo, 2003; Trugo et al., 1983).

Nicotinic acid was not found in the analyzed green coffee samples
(A and B), as expected since it is produced as a consequence of trig-
onelline thermal degradation during the roasting process. Among
commercial coffee samples (C–I), nicotinic acid values ranged from
9.6 to 30.4 mg/100 g coffee (dwb), with the higher levels of nicotinic
acid found in the darker coffee samples (C and D). These levels are in
agreement with those reported elsewhere (Macrae, 1985; Trugo,
2003). Nicotinic acid contents were similar in instant coffee samples
(J and K), with an average of 35.2 mg/100 g of coffee (dwb). This re-
sult agrees with the values reported by Trugo, et al. (1985) when
analyzing thirteen instant coffee samples, which presented a range
of 21.5–46.8 mg of nicotinic acid per 100 g of coffee dwb.
samples using the proposed analytical methoda

ne Trigonelline Nicotinic acid Sucrose

0 ± 12.4 1029.8 ± 26.0 NDd 8346.9 ± 118.8
3 ± 83.7 900.6 ± 2.6 ND 6401.6 ± 143.3

6 ± 10.0 279.7 ± 9.4 29.5 ± 0.4 15.9 ± 0.7
6 ± 30.4 526.8 ± 21.9 30.4 ± 1.3 52.0 ± 0.7
3 ± 28.9 641.3 ± 23.0 20.3 ± 0.8 79.2 ± 2.0
0 ± 8.6 592.2 ± 18.5 13.7 ± 0.1 87.8 ± 3.2
1 ± 35.2 682.5 ± 7.5 9.6 ± 0.3 173.3 ± 0.1
9 ± 34.9 955.7 ± 33.5 10.3 ± 0.2 183.8 ± 8.3

4 ± 0.3 663.1 ± 14.1 10.4 ± 0.5 31.1 ± 1.1

7 ± 14.0 917.4 ± 4.1 36.3 ± 1.1 129.9 ± 3.6
4 ± 10.6 832.8 ± 21.0 34.2 ± 1.2 128.1 ± 3.4

n, expressed as mg/100 g of coffee dry weight.
, 55 = medium, 45 = moderately dark, 35 = dark.
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Sucrose amounts found in green Arabica (A) and Robusta (B)
coffee samples were 8346.9 and 6401.6 mg/100 g coffee (dwb),
respectively. The higher content of sucrose in green Arabica coffee
in comparison to green Robusta coffee (p < 0.001) was expected
and has been extensively reported (Ky et al., 2001; Knopp et al.,
2006; Murkovic & Derler, 2006; Trugo, 1985). Sucrose content in
regular roasted coffee samples (C–H) was inversely related to color
intensity and ranged between 15.9 and 183.8 mg/100 g coffee
(dwb). Sucrose degradation during roasting and its relation to color
development is well reported in the literature (Trugo, 1985). In-
stant coffee samples (J and K) presented very similar sucrose con-
tents, with an average of 129.0 mg/100 g of coffee (dwb). The few
studies in the literature dealing with sucrose contents of instant
coffees reported levels that ranged from traces to 1300 mg/100 g
of coffee (dwb) (Trugo, 1985), which are in agreement with the
amounts observed in this work.

4. Conclusions

Caffeine, trigonelline, nicotinic acid and sucrose were simulta-
neously analyzed for the first time by LC–MS in a 6 min run. The
developed method showed appropriate recoveries and repeatibili-
ties. Caffeine, trigonelline, nicotinic acid and sucrose detection and
quantification limits were lower or comparable to the minimum
reported contents of these components in coffee. Analysis of vari-
ous commercial coffee samples showed that this method may be
applied to a wide range of coffees available in the market, offering
a good alternative for routine analysis due to its fastness and sen-
sitivity. Although ionization suppression was observed due to ma-
trix effect, it was demonstrated that this effect can be overcome
using calibration curves prepared in coffee extracts. While caffeine,
trigonelline and nicotinic acid may be analyzed in green and
roasted coffee independently of the coffee matrix used to prepare
calibration curves, sucrose analysis should be performed using cal-
ibration curves prepared in the same type of coffee extract (green
or roasted) which is being analyzed. Despite the apparent higher
cost of LC–MS in comparison to other analytical techniques, the
efficiency, applicability and fastness of the proposed LC–MS meth-
od counterbalances its overall cost thus appointing it as a reliable
alternative method for routine coffee analysis.
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