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Abstract
Concentrations of Ag, Al, As, B, Ca, Cu, Fe, Hg, In, K, Li, Mg, Mn, Na, Ni, Pb, Sb, Zn, and caffeine were determined in 25 
coffee samples collected on the Western Balkan market. Three types of coffee (black, espresso, and instant) manufactured 
in Serbia, Brazil, Czech Republic, Slovenia, Hungary, Poland, Romania and France have been investigated. Coffee samples 
were prepared as infusions in a traditional way. Minerals and caffeine content were analyzed by ICP–OES and UHPLC–MS/
MS method, respectively. Among macroelements, the potassium concentration (105.35–2826.93 ppm) was the highest in all 
investigated samples. On the other side, microelement concentrations follow the order: Cu > Zn > Fe > B>Mn. In group of 
investigated heavy metals, the presence of aluminium, arsenic, and lead was detected, but below the allowed limits. Caffeine 
concentration in black coffee samples was the highest. Average amounts of caffeine detected in black, espresso, and instant 
coffees per one serving were 150.5, 108.3, and 57.1 mg, respectively. Since the recommended daily caffeine dose is 400 mg, 
the limiting black, espresso, and instant coffee intake should be 250, 370, and 700 ml/day, respectively (not counting the 
possibility of caffeine intake via other foods). To bring out strong patterns in experimental data set, Principal Component 
Analysis (PCA) was applied. Results from this study should be taken into account in nutritional planning.
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Introduction

Coffee is one of the most commonly consumed beverages 
worldwide and it is ranked as the second most traded global 
commodity after petroleum (Parras et al. 2007). In the Bal-
kan region, traditional black coffee is probably consumed 
more frequently than other types of coffee. The custom of 
drinking coffee is expressing not only as a beverage, but 
also a complex cultural concept served mainly at homes and 
pubs. For people in the Balkans, drinking of coffee turned 
into a social phenomenon that brings people together (Ranić 
et al. 2015). According to statistical surveys, the majority of 
examined population in Balkans consumes coffee products 
(89%), and most of consumers enjoy this drink 2–4 times 

per day (66%), while 8% of them drink coffee occasion-
ally (Vlahović et al. 2012). Numerous analyses have been 
performed to summarize the conclusions regarding the ben-
efits and risks of coffee intake. Recent studies pointed to 
the protective effects of coffee consumption against breast 
cancer (Jiang et al. 2013a), esophageal cancer (Zheng et al. 
2013), the incidence of type II diabetes mellitus (Jiang et al. 
2013b), hypertension, and obesity (O’Keefe et al. 2013). 
Epidemiological data also confirmed that habitual coffee 
consumption has several health benefits, such as lower risks 
of Alzheimer’s and Parkinson’s disease. In addition, coffee 
has effect on liver function, a possible role in weight loss 
(increased metabolic rate, energy expenditure, lipid oxida-
tion, and lipolytic and thermogenic activities), and decreased 
certain cancers developing risks (prostatic, endometrial, 
liver colorectal, etc.) (O’Keefe et al. 2013; Cano-Marquina 
et al. 2013). On the other side, coffee consumption has some 
health risks as bone loss and increased risk of fractures, as 
well as some acute effects that are mostly related to the high 
caffeine content: anxiety, insomnia, tremulousness, and pal-
pitations (O’Keefe et al. 2013; Ranić et al. 2015). In terms of 
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composition, coffee is a complex beverage containing more 
than 1000 compounds of which many have a pronounced 
biological activity. The main and the most famous coffee 
ingredient is caffeine (1,3,7-trimethylxanthine) (Ranić et al. 
2015; Ioannidis et al. 2014). Caffeine consumption causes 
addictive properties; headache, lethargy, and irritability are 
just some of symptoms when caffeine ingestion is abruptly 
discontinued (O’Keefe et al. 2013). Caffeine also enhances 
memory consolidation (Borota et al. 2014). However, like 
most bioactive compounds, excessive caffeine intake could 
cause headaches, nausea, anxiety, hypertension, and restless-
ness (Branum et al. 2014). The amount of caffeine required 
to produce adverse effects depends on weight, sex, age, and 
differences in susceptibility, but dose of 400 mg per day 
might be taken as safe for most healthy adults (Mitchell et al. 
2014). Caffeine is present in many natural and processed 
products. Because of its use in pharmaceutical or cosmetic 
industry as well, coffee beans are exposed to the extrac-
tion procedures by ethyl acetate, methylene chloride, or  CO2 
(Ramalakshmi and Raghavan 1999). Such caffeine pore cof-
fee beans are further used for coffee production.

Besides bioactive coffee ingredients, minerals such as 
micronutrients are also of a great importance. They are 
essential for maintaining normal physiological functions and 
have various metabolic roles. Essential trace elements such 
as Cu, Se, and Zn play an important role in human biology, 
because they are not synthesized in the body. On contrary, 
toxic elements, such as Pb, Cd, and As, are not required for 
normal functioning of living processes because of non-ben-
eficial health effects (Gogoasa et al. 2017; Nędzarek et al. 
2013; O’Keefe et al. 2013; Zaidi et al. 2006).

Bearing in mind all the potential benefits and dangers that 
could be ensue by coffee consumption, there is a justified 
need for coffee analysis to determinate its composition. The 
main goal of this paper was to determine the nutrition profile 
and caffeine content in coffee beverages that are present and 
consumed in the territory of the Western Balkan.

Experimental

ICP–OES analysis

To estimate the content of macro- and microelements con-
centrations, the calibration standards were prepared. Multi-
standard IV—standard solution (Merck), which contained 
Ag, Al, B, Ca, Cu, Fe, In, K, Li, Mg, Mn, Na, Ni, Pb, Sb, and 
Zn in a concentration of 1000 ppm was used for the prepara-
tion of calibration solutions. Additional calibration standard 
solutions of Hg and As (Reagecon, Ireland) were prepared 
independently. Distilled water, purified by Fisher Chemical 
(HPLC grade), was used for samples dilution. The carrier 
gas was Argon 5.0 (99.999% purity). Working solutions were 

prepared by diluting the standards, so that concentrations of 
standard elements, used for calibration curves construction, 
cover the range of the expected elements concentrations. 
Table 1 shows the wavelength detection of each element in 
the samples, correlation coefficient (R), limit of detection 
(LOD), as well as the range of linearity.

Sampling and sample preparation

Twenty-five different coffee samples from Balkans territory 
have been taken for the analysis. Before any further analysis, 
coffee samples were prepared by the manufacturer instruc-
tions. To compare the obtained results, the ratio of powdered 
coffee mass (g) and water volume  (cm3) was maintained the 
same in all experiments (1:10, m/v). Distillate water was 
used for coffee preparation. Preparation of samples was car-
ried out by wet digestion. 1 ml of prepared coffee infusion 
was added to 1 ml of 65% nitric acid and heated in water 
bath for wet digestion in laboratory hood. After complete 
mineralization, samples are left for 24 h before further anal-
ysis. Before ICP–OES analysis, all samples were filtrated 
(0.45 μm) and diluted with distilled water purified by Fisher 
Chemical (HPLC grade) to the final volume of 10 ml.

Analysis of samples

The quantitative analysis of all samples from Table 3 was 
performed on ICP–OES (Inductively Coupled Plasma—
Optical Emission Spectrometry, ARCOS FHE12, SPEC-
TRO, Germany), according to the manufacturer’s instruc-
tions. The instrument conditions and determined parameters 
are given in Table 2.

UHPLC–DAD–HESI–MS/MS analysis

Preparation of calibration standards

Caffeine standard stock solution was prepared in metha-
nol–water (50:50, v/v), at the concentration of 1000 mg/L. 
Calibration standards were prepared by diluting the stock 
solution with distillate water (LC–MS, grade). The final caf-
feine concentrations of calibration samples were adjusted to 
1, 5, 20, 50, 200, 500, and 1000 mg/L.

Quantitative caffeine determination

Determination of caffeine content was done using caffeine 
peak area detected in coffee cup samples and caffeine stand-
ard calibration curve. Curve was constructed by the caffeine 
peak area ratio as vertical coordinate and the concentrations 
of the calibration standards as horizontal ordinate.

UHPLC–DAD–HESI–MS/MS analysis was performed 
using a Thermo Scientific liquid chromatography system 
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(UHPLC) composed of a quaternary pump with a degas-
ser, a thermostated column compartment, an autosampler, 
and a diode array detector connected to LCQ Fleet Ion Trap 
Mass Spectrometer (Thermo Fisher Scientific, San Jose, 
California, USA) equipped with heated electrospray ioniza-
tion (HESI). Xcalibur (version 2.2 SP1.48) and LCQ Fleet 
(version 2.7.0.1103 SP1) software were used for instrument 
control, data acquisition, and data analysis. Separations were 

performed on a Hypersil gold C18 column (50–2.1 mm, 
1.9 µm) obtained from Thermo Fisher Scientific.

The mobile phase consisted of (a) water (Fisher Chemi-
cal, HPLC grade) + 0.2% formic acid (Carlo Erba) and 
(b) methanol (Fisher Chemical, LC–MS grade). A linear 
gradient program at flow rate of 0.250 mL/min was used 
0–2 min from 10 to 20% (b), 2–4.5 min from 20 to 90% 
(b), 4.5–4.8 min 90% (b), 4.8–4.9 min from 90 to 10%, and 
4.9–12.0 min 10% (b). The injection volume was 5 µL, and 
the column temperature was maintained at 25 °C. The sepa-
rated compounds were detected at a wavelength of 193, 272, 
354, and 450 nm, and each online spectrum was recorded 
within the range of 150–1000 nm. The mass spectrometer 
was operated in positive mode. HESI-source parameters 
were as follows: source voltage 4.5 kV, capillary voltage 
9 V, tube lens voltage 85.00 V, capillary temperature 275 °C, 
sheath and auxiliary gas flow (N2) 50 and 8 (arbitrary units), 
respectively. MS spectra were acquired by full-range acqui-
sition covering 150–1000 m/z. For fragmentation study, a 
data-dependent scan was performed by deploying the colli-
sion-induced dissociation (CID). The normalized collision 

Table 1  Calibration parameters 
λ, nm; R; LD (µg/L) and the 
range of linearity (mg/L)

Element Detection wave-
length (nm)

Correlation coef-
ficient (R)

Limit of detection 
(µg/L)

Linearity range (mg/L)

Ag 224.641 0.99993 14.5 1.45 × 10−2 –12.00
328.068 0.99995 0.4 3.99 × 10−4–12.00

Al 167.078 0.99985 0.08 7.6 × 10−5–2.40
394.401 0.99998 1.55 1.55 × 10−3–12.00

As 197.262 0.99982 2.55 2.55 × 10−3–3.60
B 182.641 0.99999 7.37 7.37 × 10−3–12.00

249.773 0.99999 6.43 6.43 × 10−3–12.00
Ca 183.801 0.99995 1605 1.6–480.00

396.847 0.99946 2.14 2.14 × 10−3–2.41
Cu 224.70 0.99999 0.91 9.07 × 10−4–12.00

324.754 0.99999 0.26 2.59 × 10−4–12.00
Fe 259.941 0.99997 0.12 1.18 × 10−4–12.00
Hg 184.950 0.9993 0.63 6.26 × 10−4–6.00
In 325.609 1.00000 4.00 4 × 10−3–12.00
K 404.721 0.99998 798 0.798–300.00

766.491 0.99999 0.38 3.78 × 10−4–1.20
Li 323.261 1.00000 79.80 7.98 × 10−2–12.00

670.780 0.99997 0.06 5.75 × 10−5–1.20
Mg 279.553 0.99997 0.11 1.15 × 10−4–6.04

285.213 0.99994 4028 4.03–120.00
Mn 257.611 0.99992 0.04 3.57 × 10−5–12.00
Na 330.237 0.99994 7984 7.98–480.00

598.592 0.99989 4.75 4.75 × 10−3–12.00
Ni 231.604 0.99994 0.47 4.74 × 10−4–12.00
Pb 220.353 0.99998 1.78 1.78 × 10−3–12.00
Sb 187.115 0.99992 2.44 2.44 × 10−3–12.00
Zn 213.856 0.99997 0.08 8.2 × 10−5–12.00

Table 2  Operating conditions for ICP–OES analysis

Plasma Power (W) 1400
Gas flow (L/min)
 Coolant 13
 Auxiliary 0.80

Nebulizer type Cross flow
Nebulizer flow rate (L/min) 0.95
Pump speed (rpm) 30
Number of probes for each measuring 3
Plasma observation Axial
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energy of the CID cell was set at 25 eV. All compounds 
were identified according to the corresponding spectral char-
acteristics: mass spectra, accurate mass, and characteristic 
fragmentation.

Principal component analysis (PCA)

Visual presentation of PCA is done using software Visual 
PROMETHEE Academic Edition. For the purpose of PCA 
analysis, 25 types of coffee are used as alternatives, while 
ten analyzed parameters of coffee (K, Ca, Mg, Na, Fe, Zn, 
Cu, As, caffeine, and location country of origin) are used as 
criteria. Those parameters that ICP–OES analysis confirmed 
to be with no or minimum content in the coffee are elimi-
nated from the analysis.

Results and discussion

Content of Ag, Al, As, B, Ca, Cu, Fe, Hg, In, K, Li, Mg, Mn, 
Na, Ni, Pb, Sb and Zn was investigated in 25 coffee samples 
found on Western Balkans market. Total elements concen-
trations were determined in representative and most popular 

coffee brands. The amount of detected elements was com-
pared between taken samples, as well as literature data to 
see how differences in origin of coffee samples affect human 
health. Analysis results are presented in Table 4.

Among the investigated macroelements (K, Ca, Mg, and 
Na), potassium content in the range of 105.35–2826.93 ppm 
was the highest in all samples. The recommended daily 
intake of potassium varies from 0.4 to 4.7 g depending on 
years and gender (WHO 2011). Its sufficient concentra-
tion is significant for body acid–base balance maintenance 
as well as osmotic pressure, the nerve impulse transmis-
sion of muscle contraction, and has an impact on carbohy-
drate metabolism and membrane transport (Veljković and 
Vučković 2010).

After potassium, the highest mineral concentration is 
detected for calcium in the range of 413–992.51 ppm. In 
investigation carried out on Mexico market, the calcium 
content in coffee was between 1490 and 1970 ppm (Vega-
Carrillo et al. 2002). The implemented Portugal and Polish 
market investigations of Oliveira and associates (2012) as 
well as Grembecka et al. (2007) reported calcium presence 
in the range of 430–1140 ppm and 650–2650 ppm, respec-
tively. Brazil coffee samples have contained calcium in the 
range of 1060–1890 ppm (Dos Santos and de Oliveira 2001).

Sodium as well as potassium is the most common cation 
in the body that participates in water metabolism, contrac-
tion of muscles, allows the transfer of carbon dioxide to the 
lungs, etc. (Barker and Pilbeam 2015). After calcium, the 
sodium content is also considerable (80.7–790.7 ppm) in all 
investigated coffee samples.

Compared with other macroelements, magnesium pres-
ence is detected in reduced amounts. Magnesium partici-
pates in regulation of protein synthesis, muscle, and nerve 
function and blood pressure (Barker and Pilbeam 2015). 
Magnesium is included in the active transport across the cell 
membrane, which is an important process for nerve impulses 
conducting and normal heart rhythm maintenance. The 
recommended daily intake of Mg is about 400 mg (Guer-
rera et al. 2009). In this study, the highest concentration 
of magnesium (495.78 ppm) was detected in instant cof-
fee that was made in Serbia. Magnesium was detected in 
India and Brazil coffee samples in concentrations between 
2000–3100 and 2120–4150 ppm, respectively (Dos Santos 
and de Oliveira 2001, Suseela et al. 2001). The coffee sam-
ples originated from Portugal market contained Mg in the 
range of 1160–5470 ppm (Oliveira et al. 2012). On the other 
side, the detected amounts of magnesium in coffee samples 
from Mexico in the range of 32.0–458.0 ppm are nearest 
to the results presented in this work (Vega-Carrillo et al. 
2002). The detected macroelements that present > 99% of 
the entire mineral composition of coffee infusions are rep-
resented by order: K > Ca > Mg > Na. The obtained results 
are in accordance with published results of coffee analysis of 

Table 3  Origin of analyzed samples

Code Sample Origin

BC-1 Black coffee Republic of Serbia
BC-2 Black coffee Republic of Serbia
BC-3 Black coffee Republic of Serbia
BC-4 Black coffee Republic of Serbia
BIC-5 Black instant coffee Republic of Serbia
BC-6 Black coffee Brazil
IC-7 Instant coffee 1 in 1 Republic of Serbia
IC-8 Instant coffee 2 in 1 Czech Republic
IC-9 Instant coffee 2 in 1 Slovenia
IC-10 Instant coffee 2 in 1 Hungary
IC-11 Instant coffee 2 in 1 Republic of Serbia
IC-12 Instant coffee 2 in 1 Poland
IC-13 Instant coffee 3 in 1 Poland
IC-14 Instant coffee 3 in 1 Czech Republic
IC-15 Instant coffee 3 in 1 Slovenia
IC-16 Instant coffee 3 in 1 Romania
IC-17 Instant coffee 3 in 1 Republic of Serbia
IC-18 Instant coffee 3 in 1 Republic of Serbia
IC-19 Instant coffee 4 in 1 Republic of Serbia
EC-20 Espresso coffee Slovenia
EC-21 Espresso coffee Poland
EC-22 Espresso coffee Republic of Serbia
EC-23 Espresso coffee France
IIC-24 Instant ice coffee Slovenia
IIC-25 Instant ice coffee Czech Republic
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Table 4  Concentrations (ppm) of macro- and microelement in coffee samples as a result of ICP–OES analysis

Code Ag Al As B Ca Cu Fe In K

BC-1 < 3.99 × 10−4 < 7.6 × 10−5 < 2.55 × 10−3 0.73 706.22 1.22 0.56 0.01 958.38
BC-2 < 3.99 × 10−4 < 7.6 × 10−5 < 2.55 × 10−3 < 6.43 × 10−3 882.14 0.63 < 1.18 × 10−4 < 4 × 10−3 1930.5
BC-3 < 3.99 × 10−4 < 7.6 × 10−5 < 2.55 × 10−3 < 6.43 × 10−3 649.87 0.95 < 1.18 × 10−4 < 4 × 10−3 1802.3
BC-4 < 3.99 × 10−4 < 7.6 × 10−5 < 2.55 × 10−3 < 6.43 × 10−3 946.67 1.26 < 1.18 × 10−4 < 4 × 10−3 2171.1
BIC-5 < 3.99 × 10−4 0.58 < 2.55 × 10−3 0.51 992.51 0.99 0.87 < 4 × 10−3 1429.69
BC-6 < 3.99 × 10−4 < 7.6 × 10−5 0.16 1.93 729 1.02 2.17 < 4 × 10−3 2052.97
IC-7 < 3.99 × 10−4 0.86 < 2.55 × 10−3 1.19 666.48 1.05 4.67 < 4 × 10−3 2826.93
IC-8 < 3.99 × 10−4 < 7.6 × 10−5 < 2.55 × 10−3 < 6.43 × 10−3 672.4 9.99 < 1.18 × 10−4 < 4 × 10−3 1196.8
IC-9 < 3.99 × 10−4 < 7.6 × 10−5 < 2.55 × 10−3 < 6.43 × 10−3 612 9.6 < 1.18 × 10−4 < 4 × 10−3 1810.02
IC-10 < 3.99 × 10−4 < 7.6 × 10−5 < 2.55 × 10−3 < 6.43 × 10−3 582 1.2 0.65 < 4 × 10−3 423.64
IC-11 < 3.99 × 10−4 < 7.6 × 10−5 < 2.55 × 10−3 < 6.43 × 10−3 554.1 6.2 < 1.18 × 10−4 < 4 × 10−3 1645.1
IC-12 < 3.99 × 10−4 < 7.6 × 10−5 < 2.55 × 10−3 < 6.43 × 10−3 503.6 1.3 < 1.18 × 10−4 < 4 × 10−3 1156.5
IC-13 < 3.99 × 10−4 < 7.6 × 10−5 < 2.55 × 10−3 < 6.43 × 10−3 692.4 5.4 < 1.18 × 10−4 < 4 × 10−3 1137.4
IC-14 < 3.99 × 10−4 < 7.6 × 10−5 < 2.55 × 10−3 < 6.43 × 10−3 495 0.63 < 1.18 × 10−4 < 4 × 10−3 1089.3
IC-15 < 3.99 × 10−4 0.21 < 2.55 × 10−3 < 6.43 × 10−3 696.7 0.92 0.99 < 4 × 10−3 588.86
IC-16 < 3.99 × 10−4 0.31 < 2.55 × 10−3 < 6.43 × 10−3 554.1 1.21 0.79 < 4 × 10−3 358.33
IC-17 < 3.99 × 10−4 0.26 < 2.55 × 10−3 < 6.43 × 10−3 588 0.92 0.78 < 4 × 10−3 536.13
IC-18 0.02 0.13 < 2.55 × 10−3 < 6.43 × 10−3 642.12 1.09 1.22 < 4 × 10−3 2052.97
IC-19 < 3.99 × 10−4 0 < 2.55 × 10−3 < 6.43 × 10−3 413 0.22 < 1.18 × 10−4 < 4 × 10−3 1122.9
EC-20 < 3.99 × 10−4 0.77 < 2.55 × 10−3 < 6.43 × 10−3 428 1.18 1.17 < 4 × 10−3 476.53
EC-21 < 3.99 × 10−4 1.46 0.13 0.83 504 1.09 1.22 < 4 × 10−3 580.57
EC-22 < 3.99 × 10−4 < 7.6 × 10−5 < 2.55 × 10−3 < 6.43 × 10−3 466.9 0.13 < 1.18 × 10−4 < 4 × 10−3 1523.2
EC-23 < 3.99 × 10−4 1.26 < 2.55 × 10−3 < 6.43 × 10−3 650.22 1.23 0.74 < 4 × 10−3 274.27
IIC-24 < 3.99 × 10−4 < 7.6 × 10−5 < 2.55 × 10−3 < 6.43 × 10−3 486.87 0.86 < 1.18 × 10−4 < 4 × 10−3 105.35
IIC-25 < 3.99 × 10−4 < 7.6 × 10−5 < 2.55 × 10−3 < 6.43 × 10−3 502.4 1.64 < 1.18 × 10−4 < 4 × 10−3 1004.85

Code Li Mg Mn Na Ni Pb Sb Zn Hg

BC-1 < 5.75 × 10−5 242.02 0.9 83.46 < 4.74 × 10−4 < 1.78 × 10−3 < 2.44 × 10−3 1.11 0.05
BC-2 < 5.75 × 10−5 203.0 < 3.57 × 10−5 80.7 < 4.74 × 10−4 < 1.78 × 10−3 < 2.44 × 10−3 0.95 < 6.26 × 10−4

BC-3 < 5.75 × 10−5 179.69 < 3.57 × 10−5 787.3 < 4.74 × 10−4 < 1.78 × 10−3 < 2.44 × 10−3 0.85 < 6.26 × 10−4

BC-4 < 5.75 × 10−5 333.69 < 3.57 × 10−5 790.7 < 4.74 × 10−4 < 1.78 × 10−3 < 2.44 × 10−3 0.97 < 6.26 × 10−4

BIC-5 < 5.75 × 10−5 242.98 0.98 98.39 < 4.74 × 10−4 < 1.78 × 10−3 < 2.44 × 10−3 1.06 < 6.26 × 10−4

BC-6 0.18 356.66 0.76 117.7 < 4.74 × 10−4 < 1.78 × 10−3 < 2.44 × 10−3 1.23 < 6.26 × 10−4

IC-7 < 5.75 × 10−5 495.78 1.12 116 < 4.74 × 10−4 0.01 < 2.44 × 10−3 1.32 < 6.26 × 10−4

IC-8 < 5.75 × 10−5 156.54 < 3.57 × 10−5 90.67 < 4.74 × 10−4 < 1.78 × 10−3 < 2.44 × 10−3 1.26 < 6.26 × 10−4

IC-9 < 5.75 × 10−5 129.8 < 3.57 × 10−5 506.6 0.12 < 1.78 × 10−3 < 2.44 × 10−3 1.35 < 6.26 × 10−4

IC-10 < 5.75 × 10−5 99.03 < 3.57 × 10−5 501.25 < 4.74 × 10−4 < 1.78 × 10−3 < 2.44 × 10−3 1.45 0.06
IC-11 < 5.75 × 10−5 102.6 < 3.57 × 10−5 83.1 < 4.74 × 10−4 < 1.78 × 10−3 < 2.44 × 10−3 1.44 < 6.26 × 10−4

IC-12 < 5.75 × 10−5 223.6 < 3.57 × 10−5 265.9 < 4.74 × 10−4 < 1.78 × 10−3 < 2.44 × 10−3 1.12 < 6.26 × 10−4

IC-13 < 5.75 × 10−5 655.1 < 3.57 × 10−5 229.3 < 4.74 × 10−4 < 1.78 × 10−3 < 2.44 × 10−3 9.55 < 6.26 × 10−4

IC-14 < 5.75 × 10−5 105.48 < 3.57 × 10−5 821 < 4.74 × 10−4 < 1.78 × 10−3 < 2.44 × 10−3 1.17 < 6.26 × 10−4

IC-15 0.2 107.27 < 3.57 × 10−5 376.27 < 4.74 × 10−4 < 1.78 × 10−3 < 2.44 × 10−3 1.34 < 6.26 × 10−4

IC-16 < 5.75 × 10−5 88.68 < 3.57 × 10−5 412.6 < 4.74 × 10−4 0.01 < 2.44 × 10−3 1.32 < 6.26 × 10−4

IC-17 < 5.75 × 10−5 91.37 < 3.57 × 10−5 162.39 < 4.74 × 10−4 < 1.78 × 10−3 < 2.44 × 10−3 1.14 < 6.26 × 10−4

IC-18 < 5.75 × 10−5 100.87 < 3.57 × 10−5 123.76 < 4.74 × 10−4 < 1.78 × 10−3 < 2.44 × 10−3 1.16 < 6.26 × 10−4

IC-19 < 5.75 × 10−5 105.84 < 3.57 × 10−5 103.1 < 4.74 × 10−4 < 1.78 × 10−3 < 2.44 × 10−3 9.88 < 6.26 × 10−4

EC-20 < 5.75 × 10−5 89.02 < 3.57 × 10−5 290.2 < 4.74 × 10−4 0.1 < 2.44 × 10−3 1.18 < 6.26 × 10−4

EC-21 < 5.75 × 10−5 88.15 < 3.57 × 10−5 345.16 < 4.74 × 10−4 0.06 < 2.44 × 10−3 0.98 < 6.26 × 10−4

EC-22 < 5.75 × 10−5 342.51 < 3.57 × 10−5 160.7 < 4.74 × 10−4 0.3 < 2.44 × 10−3 1.06 < 6.26 × 10−4

EC-23 < 5.75 × 10−5 81 < 3.57 × 10−5 177.88 < 4.74 × 10−4 0.01 < 2.44 × 10−3 1.18 < 6.26 × 10−4
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macroelements detected in roosted coffee of various brands 
at the Romanian market (Gogoasa et al. 2013).

The amounts of zinc in all coffee samples were between 
0.76 and 9.88 ppm. Zinc is essential for normal biomem-
brane and brain function as well as for treatment of men-
tal disorders (e.g., schizophrenia). It is also necessary for 
metabolism of proteins and carbohydrates, prostate func-
tion, and many other biological functions. In addition, zinc 
is required for DNA synthesis, and plays a major role in 
development and functioning of reproductive organs. Zinc 
is an essential oligoelement important for the membrane sta-
bilization and the activity of metalloenzymes (alkaline phos-
phatase, alcohol dehydrogenase, carbonic anhydrase, lactate 
dehydrogenase, superoxide dismutase as well as RNA and 
DNA polymerases) (Veljković and Vučković 2010). Recent 
data indicate that lack of this vital element is common in 
48% of all global population (Oteiza and Mackenzie 2005). 
Recommended daily allowance of zinc is 12–15 mg (WHO 
1989).

Iron is responsible for some enzymes activities that gen-
erate energy. The presence of iron in this study was in the 
range of 0–4.67 ppm, which is much lower compared to the 
coffee samples found on the most of previously investigated 
markets. The coffee from Nigerian market showed iron con-
centration of 6.3–174 ppm (Onianwa et al. 1999). Suseela 
and collaborators were reported that on Indian market in cof-
fee samples iron was detected in the range of 15.5–91.5 ppm. 
In coffee samples found on Pakistan market, detected iron 
presence was in the range of 62.3–83.2 ppm (Zaidi et al. 
2006). Oliveira and collaborators recorded the presence of 
iron at Portugal market (13.7–108 ppm), until Dos Santos 
and de Oliveira (2001) have found iron in Brazilian coffee 
in concentration range of 14–451 ppm. On Poland market, 
Grembecka and associates (2007) detected iron in the range 
of 29.3–58.7 ppm.

The presence of copper in coffee samples was also 
detected (0.13–9.99 ppm). Obtained concentrations of cop-
per are consistent with results reported by Mehra and Baker 
(2007), where the obtained Cu amount was between 2 and 
20 ppm. Contrary to the investigation of coffee infusions 
made of coffee from Brazilian market (Pigozzi et al. 2018), 
where Cu were not detected, coffee sample that originate 
from Brazil (BC-6) from this study showed its occurrence 
at the concentration of 1.02 ppm. Copper, with vitamin C 
and zinc, is responsible for maintaining elasticity of fibres, 
which provides better skin structure support. According to 

WHO (1989), the recommended daily dosage of copper is 
1 mg (WHO 1989). The lack of copper has the effect of 
anaemia, hair depigmentation, and bones deformities. Diet 
that is deficient in particular essential elements as Cu, Fe, 
and Zn can enhance the accumulation of some toxic metals 
as Cd or Pb, which can influence trace-element metabolism 
(Alonso et al. 2004).

The boron content was detected in the range of 
0.51–1.93 ppm. In the report of Krejcová and Cernohorský 
(2003), boron content was in the range of 0–1.93 ppm which 
is in agreement with obtained results (Table 4). Boron con-
tributes to the functioning and the absorption of calcium, 
magnesium, and phosphorus. Its deficiency can cause bone 
demineralization. The recommended daily intake of boron 
is not precisely defined, but the maximum allowable daily 
intake ranges from 6 to 20 mg (Devirian and Volpe 2003).

Manganese is included in bone forming, lipid metabo-
lism, energy production, and synthesis of nucleotides. In this 
study, the obtained values for manganese content were in the 
range of 0–1.12 ppm. On Pakistan, Brazilian, Indian, Poland, 
and Portugal markets, manganese is detected in higher con-
centrations (3.6–39.9 ppm) compared to the results from our 
study (Zaidi et al. 2006; Oliveira et al. 2012).

Heavy metals belong to a special group that is classified 
as the most dangerous inorganic environment pollutant ele-
ments, because they are non-biodegradable with a tendency 
towards bioaccumulation and expression of toxic effects 
even at very low concentrations. Some heavy metals such 
as copper, zinc, manganese, and iron are among the group 
of trace microelements, because even they are toxic in higher 
concentrations, at lower concentrations, are necessary for the 
growth and development of plant and other living organisms. 
Among others, the accumulation of heavy metals in plants 
depends on the affinity of plant to absorb appropriate metal. 
The presence of Al, As, Hg, Ni, Pb, and Sb was also exam-
ined in all coffee samples, while the presence of Hg, Ni and 
Sb was below the limit of detection.

Aluminium was detected in amount of 0.13–1.46 ppm. 
Aluminium is included as cofactor in the guanine nucleotide 
binding which is necessary for the metabolism of proteins. 
Increased content of this element in patient kidneys can sig-
nificantly damage the skeleton due to the negative impact on 
the process of bone formation, leading to the osteomalacia 
occurrence.

Lead is considered to a very toxic element that affects 
the brain function and nervous system reduces the level of 

Table 4  (continued)

Code Li Mg Mn Na Ni Pb Sb Zn Hg

IIC-24 < 5.75 × 10−5 78.73 < 3.57 × 10−5 97.83 < 4.74 × 10−4 < 1.78 × 10−3 < 2.44 × 10−3 1.13 < 6.26 × 10−4

IIC-25 < 5.75 × 10−5 89.5 < 3.57 × 10−5 208.6 < 4.74 × 10−4 < 1.78 × 10−3 < 2.44 × 10−3 0.76 < 6.26 × 10−4
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intelligence, perception, and memory mode and most severe 
can cause death (Petrović et al. 2015). According to Ser-
bian regulations (1992), the concentration of lead is strictly 
controlled and the maximum allowed quantity of lead in 
coffee is 1 ppm. The presence of lead is detected in six 
investigated samples, mainly in espresso type of coffee with 
maximum concentration of 0.3 ppm. If we keep in mind that 
allowed amount of lead is 1 ppm, it could be concluded that 
investigated coffees are not dangerous to a human health. 
In addition, having in mind the maximum content of Pb, 
Ni, Cu, and Zn establish by Brazilian legislation in roasted 
ground coffee samples of 0.5, 5, 30, and 50 ppm, respec-
tively (Pigozzi et al. 2018), the detected concentrations of Pb 
in this work as well as other adduced elements were below 
the prompt limits.

Arsenic is one of the most toxic and carcinogenic ele-
ment of the second group of p elements, which occurs in 
inorganic and organic form. Arsenic and manganese in the 
soil are often found together with iron, mainly pyrite and 
arsenopyrite. They can also be found in the form of different 
arsenic sulphide minerals. In this study, arsenic is detected 
only in two coffee samples at concentrations of 0.13 and 
0.16 ppm. Since allowed arsenic concentration in coffee is 
1 ppm (Serbian regulations 1992), it could be concluded that 
investigated coffees do not represent a risk to human health 
in terms of this element.

Bearing in mind the importance of caffeine, second aim 
of this study was to determine content of caffeine in coffees 
that were placed on Western Balkans market. Three types of 
coffee samples: black, espresso, and instant coffee have been 
investigated using of LC–MS method. The experiment was 
designed in a manner that first subjected caffeine standard is 
compared to other coffee samples in continuation.

Obtained chromatogram of the standard caffeine solution, 
shown in Fig. 1, distinguished one intense peak at retention 
time of 5.93 min which originates from caffeine. Another 
confirmation is caffeine PDA spectrum (Fig.  1b) with 
absorption maximum at 272 nm that is in accordance with 
literature data (Atomssa and Gholap 2011; Dobrinas et al. 
2013). After MS fragmentation of peak at m/z 195.13, six 
new fragment ions at m/z 176.79, 162.83, 161.47, 138.11, 
110.01, and 95.84 were obtained (Fig. 1c). The resulting 
caffeine fragment ions are in agreement with previously pub-
lished results by Liu et al. (2013).

Since the main goal of this work was to compare the 
content of caffeine in three different coffee types, three rep-
resentative UHPLC chromatograms of black (a), espresso 
(b), and instant (c) coffee sample are shown in Fig. 2. To 
compare the results of caffeine content taking into account 
the type of coffee, the average caffeine content was calcu-
lated using the data from Table 4 that are consolidated with 
obtained median value by coffee type. Average amount 
of calculated caffeine content detected in black, espresso, 

and instant coffees per one serving was 150.5, 108.3, and 
57.1 mg, respectively. Based on the obtained results, it can 
be concluded that espresso and instant coffees have higher 
average caffeine content compared to the black coffees. 
This is in accordance with results published by de Mejia 
and collaborators (2014), where detected caffeine amount 
in black, espresso, and instant coffees was 95–330, 50–150, 
and 30–70, respectively.

European Food Safety Authority has recommended a sin-
gle dose of caffeine up to 200 mg for an average 70 kg adult 
as clinically non-harmful dose. In addition, daily caffeine 
intake from all sources up to 400 mg for adults might be 
taken as safe (excluding pregnant women).

Recent studies have shown that children (2–12 years) and 
adolescents (13–17 years) can metabolize caffeine more 

Fig. 1  UHPLC chromatogram of caffeine standard solution (a), PDA 
spectrum of the main peak detected at 5.92 min (b), and correspond-
ing caffeine mass spectrum (c)
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rapidly than adults. In general, children consume caffeine 
less (24–37 mg/day) than adults (Mitchell et al. 2014; De 
Mejia and Ramirez-Mares 2014), but on the other side, chil-
dren and adolescents, including those diagnosed as hyperac-
tive, are sensitive to the effects of caffeine same as adults. 
In adolescents, the consumption of sweetened coffee and 

energy drinks as the principal sources of caffeine intake 
have been increased (83.2  mg/day). However, the esti-
mated values are below current suggested maximal level for 
adolescents (100–175 mg/day depending on body weight 
40–70 kg) (Mitchell et al. 2014).

Fig. 2  Representative UHPLC 
chromatograms of black (a), 
espresso (b), and instant (c) cof-
fee beverage

Fig. 3  Principal component 
analysis (PCA) plot. The analy-
sis was done using 25 types of 
coffee as alternatives
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Daily intake of three-to-four 200 ml cups of coffee (a total 
of 500 mg/day of caffeine) may be considered as moderate 
amount (110–345 mg/day) for most adults and appears to 
be associated with a neutral to potentially beneficial effect 
on health.

To emphasize variation and bring out strong patterns in 
a data set, statistical method Principal Component Analysis 
(PCA) was further applied. It represents a projection of sets 
of alternatives (types of coffee) as n points in the k-dimen-
sional space, where n represents the number of alternatives, 
and k the number of criteria.

Based on the position of the criteria, an evident pattern 
is observed concerning groups of criteria of macroelements 
(K, Ca, Mg, and Na) that correlate with each other. They 
are grouped with the corresponding analyzed types of cof-
fees as Cluster F1 in Fig. 3. In addition, a group of criteria 
of microelements (Fe, As, Zn, Cu) that are strongly cor-
related and thus discriminate the alternatives in the same 
manner is grouped along with the following alternatives and 
marked as Cluster F2. Cluster F3-gathered types of coffee 
with the smallest content of caffeine. Agreement between 
the Location criteria and the other criteria is weak, i.e., they 
are not correlated, since they are not close to each other in 
the presented visual projection plane (Fig. 3). In addition, 
caffeine and location are in the opposite directions in the 
plane, which means that they are conflicting criteria and 
not correlated whatsoever. Therefore, PCA analysis gath-
ered types of coffee according to the content of caffeine, 
macro-, and microelements, which is in accordance with 
presented experimental results obtained by ICP–OES and 
UHPLC–MS/MS analysis (Tables 4 and 5).

Conclusions

To summarize, the main goal of this study was to pro-
vide a composition of coffee infusions that were prepared 
according to widespread procedure in a domestic envi-
ronment on Balkan territory, and without sugar addition. 
Obtained results showed that coffee samples found on Bal-
kans market are generally rich in the content of potassium 
(105.35–2826.93 ppm) and calcium (413–992.51 ppm). 
On the other hand, in terms of heavy metal presence, the 
estimated concentrations were in allowed amounts in all 
investigated samples. Variation in nutrient content of coffee 
infusions between samples might be a consequence of differ-
ent ways of preparation, different coffee brands, or different 
water types used for coffee preparation. In this study, the 
impact of macro- and microelements from water to the final 
nutrition content is negligible, since distillate water has been 
used for coffee infusions preparation. Consumption of cof-
fee in the amount of one cup per day could be considered as 
significant in terms of potassium and calcium contribution 

to recommended daily intake. On the other side, results of 
LC–MS investigations showed that black coffee has the high 
content of caffeine (150.5 mg/cup), compared to espresso 
(108.3 mg/cup) and instant (57.1 mg/cup) coffee. If we do 
not count the potential availability of caffeine intake from 
other drinks and food, since the recommended daily dose 
of caffeine is 400 mg, 250 ml of black coffee, 370 ml of 
espresso, and 700 ml of instant coffee should be the limiting 
volume per day for adult person. Results of PCA analysis 
showed that there is no clear evidence of strong correla-
tion impedance between types of coffee and country of their 
origin, though observed types of coffee can be gathered in 
three clusters (according to content of caffeine, macro- and 
microelements), where these criteria discriminate different 
types of coffee in the same way.

Bearing in mind the importance of minerals for the nor-
mal biological function of the human organism, as well as 
the numerous positive effects that caffeine causes, coffee 
from the Western Balkans market can be recommended for 
daily consummation. Results from this study could be useful 
for accurate determination of macro-, micronutrients and 
caffeine for dietary intake that might help adequate nutri-
tional recommendation and health policies at the national 

Table 5  Content of caffeine in coffee samples (mg/per cup)

Code Sample Origin Content

BC-1 Black coffee Republic of Serbia 147.1
BC-2 Black coffee Republic of Serbia 151.7
BC-3 Black coffee Republic of Serbia 142.3
BC-4 Black coffee Republic of Serbia 153.3
BIC-5 Black instant coffee Republic of Serbia 63.4
BC-6 Black coffee Brazil 158.2
IC-7 Instant coffee 1 in 1 Republic of Serbia 63.6
IC-8 Instant coffee 2 in 1 Czech Republic 58.4
IC-9 Instant coffee 2 in 1 Slovenia 57.8
IC-10 Instant coffee 2 in 1 Hungary 53.7
IC-11 Instant coffee 2 in 1 Republic of Serbia 58.9
IC-12 Instant coffee 2 in 1 Poland 56.1
IC-13 Instant coffee 3 in 1 Poland 51.3
IC-14 Instant coffee 3 in 1 Czech Republic 50.4
IC-15 Instant coffee 3 in 1 Slovenia 47.8
IC-16 Instant coffee 3 in 1 Romania 49.2
IC-17 Instant coffee 3 in 1 Republic of Serbia 58.2
IC-18 Instant coffee 3 in 1 Republic of Serbia 59.8
IC-19 Instant coffee 4 in 1 Republic of Serbia 62.1
EC-20 Espresso coffee Slovenia 110.3
EC-21 Espresso coffee Poland 103.1
EC-22 Espresso coffee Republic of Serbia 108.5
EC-23 Espresso coffee France 111.4
IIC-24 Instant ice coffee Slovenia 68.6
IIC-25 Instant ice coffee Czech Republic 54.4
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level. In addition, results from this study should be taken 
into account in nutritional planning or a valuable tool in 
clinical trials.
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