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ABSTRACT

Background. The aim of the study was to evaluate the caffeine level and antioxidant activity of brews of 
specialty grade coffee compared to popular coffee brands. 
Materials and methods. Ten types of coffee were used, including 7 specialty Arabica, 1 Robusta and 2 
popular cheap coffee brands. For caffeine determination, HPLC analysis and the spectrophotometric method 
were used as reference. The total polyphenol content and antioxidant capacity (DPPH and FRAP methods) 
were evaluated. For two selected high-quality coffees, the influence of the brewing method on the antioxidant 
activity and caffeine content in the brews was assayed.
Results. Regarding the caffeine content, differences between specialty coffee brews and popular products 
were not found, and an average level amounted to 56 and 40 mg/ml, respectively. In contrast, the antioxidant 
capacity of specialty coffee brews was significantly higher than for popular ones, independently of the test 
used. The highest scavenging ability and total phenolic content was found for S3 specialty coffee (46.15% of 
DPPH inhibition and 58.7 mg GAE/ml, respectively), whereas the lowest was found for popular coffee (about 
35% of DPPH inhibition and about 41 mg/GAE/ml). For two selected high-quality coffees, the influence of 
the brewing method on the antioxidant activity and caffeine content in the brews was tested. It was found that 
the use of a dripper (overflow brewing method) provides the brew with the best antioxidant properties but 
with moderate caffeine levels.
Conclusion. It was found that ‘specialty’ quality coffees do not differ from popular brands in terms of caf-
feine content, but significantly outweigh them in terms of antioxidant activity. This property can be beneficial 
in the case of a high consumption of coffee, due to antiradical protective effects without the risk of caffeine 
overdose.
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INTRODUCTION

Coffee is a drink eagerly consumed all over the world 
which has been proved to bring health benefits for 
humans if consumed in moderate amounts (Godoś 
et al., 2014). The health benefits of coffee consump-
tion affecting the cardiovascular system and metabo-
lism mostly depend on its antioxidant compounds. In 
contrast, diterpenes and caffeine may cause harmful 

effects by raising lipid fraction and affecting endothe-
lial function, respectively. Coffee is obtained from the 
seeds of the botanical type Coffea (Rubiaceae) and 
grains from two main species are commercially avail-
able: Coffea arabica (Arabica) and Coffea cenaphora 
(Robusta). Moreover, many botanical varieties of both 
Arabica and Robusta coffee are used. The Arabica 
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variety is preferred because of its stronger aroma and 
milder flavor; it also contains less caffeine than Ro-
busta (Jeszka-Skowron et al., 2016; Khapre et al., 
2017). The positive effects of coffee include its high 
antioxidant capacity, beneficial effects on the cardio-
vascular system, and even an anti-cancer effect (Ding 
et al., 2014; Gaascht et al., 2015; Messina et al., 2015; 
Yashin et al., 2013). 

The antioxidant potential is associated with the high 
content of polyphenolic compounds in coffee beans, 
mainly phenolic acids (caffeic, chlorogenic, ferulic) 
and depsides, such as caffeoylquinic, dicaffeoylquinic 
and ferruoylquinic acids. Certain flavonoids have also 
been identified, e.g., quercetin and kaempferol glyco-
sides, as well as epigallocatechin (Farah and Donan-
gelo, 2006; Górecki and Hallmann, 2020; Król et al., 
2020; Pedan et al., 2020; Xu et al., 2012; Wang and 
Ho, 2009). Caffeine, which belongs to the alkaloids, 
is the best-known and the most active component of 
coffee. The mechanisms of its action concern the cen-
tral nervous system and cause a stimulating effect on 
the human organism. Caffeine is also a known inhibi-
tor of many enzymes (e.g., phosphodiesterases, ace-
tylcholinesterase, transferases), it also interferes with 
adenosine and benzodiazepine receptors and neuro-
transmitters. Acting as an enzyme inhibitor may be 
beneficial (e.g., in the treatment of neurodegenerative 
diseases) but, on the other hand, it may lead to certain 
metabolic disturbances (Al-Qaisi et al., 2011; Nehlig 
et al., 1992; Pohanka and Dobes, 2013). The addic-
tive effect of this alkaloid is also known (Cappelletti 
et al., 2015; Uddin et al., 2017). The chemical com-
position, and thus the biological properties, of coffee 
is closely related to its quality and the way the brew is 
prepared. Popular methods of brewing coffee include 
the use of a dripper, an AeroPress® device or an Italian 
coffee percolator (moka pot). Moreover, the chemical 
composition of the coffee brew is strongly dependent 
on the type and conditions of brewing, including poly-
phenols, diterpenes and caffeine content (Fuller and 
Rao, 2017; Gloess et al., 2013; Ludwig et al., 2012; 
Urgert et al., 1995). It has also been shown that the 
mineral composition of coffee depends on the brewing 
method, as well as the content of bioactive compounds 
(Janda et al., 2020). Moreover, the degree of roasting 
and the course of the roasting process also have a sig-
nificant influence on the composition of coffee (Diviš 

et al., 2019; Górecki and Halmann, 2020; Pedan et al., 
2020).

As a reaction to the decline in the quality of cof-
fee offered on the market, the specialty coffee grade 
was born, which is defined as coffee grown in special 
and ideal climates with a distinctive taste and flavor, 
and with little to no defects. The term “specialty” for 
coffee beans means a particularly high-quality product 
and is currently specified by the Specialty Coffee As-
sociation (SCA) and applies to coffees which, when 
tested by specially trained tasters (Q-graders), reach at 
least 80 points on a 100-point scale (SCA, 2018). The 
specialty coffee market is growing rapidly in many 
countries, and the growing consumer demand for spe-
cialty coffee is attributable to consumers’ awareness 
regarding issues of quality, taste, health, environment, 
equity, and fair wages (Bacon, 2005). Quality control 
from the green beans to the roasting method helps 
bring the best coffee flavors and aromas, which are 
the main sensory components experienced by coffee 
drinkers.

In this work, several coffee brands from the spe-
cialty segment were compared in terms of antioxidant 
activity and caffeine content measured by two different 
methods. Furthermore, the influence of the brew prep-
aration method on the health-promoting potential of 
selected specialty coffee samples was also estimated.

MATERIALS AND METHODS

Coffee
Ten types of coffee of different origin were used in the 
study, including seven specialty Arabica coffees and, 
for comparison, one Robusta coffee and two unknown 
quality coffees from popular cheap brands. The char-
acteristics of the coffees used in the experiment are 
given in Table 1.

Preparation of coffee brews
All infusions were prepared in simulated commercial 
café conditions in cooperation with a barista, using 
professional equipment and with strict control of the 
dosed ingredients. The appropriate portion of each 
coffee bean was weighed for a specific coffee brewing 
method (described below). Coffee was ground using 
a WSCG-2 automatic mill (Wilfa, Oslo, Norway) im-
mediately before preparing the infusions. To prepare 
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all the infusions, water was filtered using a Marella 
filter (Brita, Tanusstein, Germany) with an Aquaphor 
B25 Maxfor replaceable filter cartridge to unify the 
mineral content in the water. An Artisan Gooseneck 
electric kettle (Brewista, Cheyenne, Wyoming, USA) 
was used to boil the water.

Methods of brewing
For initial comparison of different coffee brands, the 
brews prepared using method A were used. In the sec-
ond research step, the two chosen coffees of specialty 
grade were prepared using the A, B, and C methods of 
brewing.

Dripper (A). Pre-filtered water was heated to 90°C 
in an electric kettle. Then 12 g of coffee beans was 
weighed with an accuracy of 0.1 g and ground in an 
automatic grinder (using grinding level “Filter”, as rec-
ommended by the producer). A paper filter was placed 
in the server (Hario Coffee Server V60-02 set) of the 
dripper and hot water was poured onto it to warm up 
the dripper and the server, and to get rid of the paper 
aftertaste. This water was poured away, and then the 
previously ground coffee was added to the filter before 
the first portion of 24 ml of water was poured into the 
server and left for 30 seconds (the pre-infusion step). 

After 30 seconds, 176 ml of water was added and all 
the water was allowed to flow through the ground 
beans. The total brewing time was 3 minutes, and the 
total water usage was 200 ml.

AeroPress® device (B). Pre-filtered water was heat-
ed to 88°C in an electric kettle. Then 12 g of coffee 
beans was weighed with an accuracy of 0.1 g and 
ground in an automatic grinder (using grinding level 
“Aeropress”, as recommended by the producer). The 
Aero Press® device was placed in the inverted position 
and preheated with hot water, before the previously 
ground coffee was poured in and the device was filled 
with the first portion of 35 ml of water and left for 
30 seconds (pre-infusion step). After half a minute, 
165 ml of water was added and mixed three times. 
Then a strainer with two paper filters, which were pre-
viously covered with hot water to get rid of the pa-
per aftertaste in the brew, was added. The AeroPress 
was placed on the server and 60 seconds later the first 
portion of water was added and squeezed into the 
server to obtain a coffee brew. The total brewing time 
was 1 minute 40 seconds and the total water usage  
was 200 ml.

Percolator (C). Pre-filtered water was boiled in an 
electric kettle. Then 12 g of coffee beans was weighed 
with an accuracy of 0.1 g and ground in an automatic 
grinder (using grinding level “Mocca”, as recom-
mended by the producer). Freshly ground coffee was 
poured into the strainer in the Italian coffee percolator 
(Bialetti Moka Express 3tz) without being whipped. 
The coffee strainer was placed in a tank under a safe-
ty valve filled with boiling water (150 ml) and the top 
of the coffee cup was turned off. The coffee percola-
tor was placed on the burner to increase the pressure 
in the water chamber so that the water could flow 
through the ground coffee in the strainer and reach 
the upper tank through the spouts as a coffee brew. 
During the outflow of the brew into the upper tank 
of the coffee housing, the color of the outflow brew 
was observed. When the lighter color of the brew was 
observed, the heat supply to the coffee maker was cut 
off and the coffee machine was immersed in cold wa-
ter to stop further coffee extraction. The total brew-
ing time was 3 minutes and the total water usage  
was 150 ml.

Table 1. A list of coffees used in the experiment

Sample 
number

Sample 
symbol

Botanical  
variety

Country  
of origin

1 S1 Gesha Panama

2 S2 Red Bourbon Burundi

3 S3 SL28, Ruiru Kenya

4 S4 Yellow Caturra Peru

5 S5 Caturra, Catuai Nicaragua

6 S6 Bourbon Rwanda

7 S7 Heirloom Ethiopia

8 R Robusta Panama

9 M1 no data no data

10 M2 no data no data

S – Arabica specialty coffee, R – Robusta coffee, M – market 
coffee. 
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Caffeine content determination
HPLC method. The HPLC method for caffeine de-
termination was adopted from Fajara and Susanti 
(2017) with minor modifications. Analyses were 
carried out in the Laboratory of Plant Biotechnol-
ogy “Aeropolis” using a Gilson chromatographic set 
(Gilson, Middleton, Wisconsin, USA), equipped with 
a binary pump (Gilson 322), a DAD detector (Gilson 
172), a column thermostat (Knauer, Berlin, Germa-
ny) and an autosampler with a fraction collector (GX- 
-271 Liquid Handler). The separation was performed 
using a Knauer Nucleosil II C-18 100-5 column 
(250 × 4.6 mm) with a precolumn (Gilson). The elu-
tion was performed isocratically with a water-meth-
anol (95:5, v/v) mobile phase, flow rate: 1 ml∙min–1, 
and time of analysis: 7 min. The injection volume of 
the samples was 10 µl. The analyte was detected at 
a wavelength of 272 nm. For quantitative analysis 
of the caffeine, a standard curve was prepared us-
ing standard solution within the concentration range 
0.0625-1 mg (y = 18940x + 944.19, R2 = 0.9881). 
The LOQ and LOD were found to be 2 and 0.5 μg/ml  
respectively.

Spectrophotometric method. The content of caf-
feine in the prepared coffee brews was determined 
according to Li et al. (1990). The prepared infusions 
were filtered through a paper filter and 10 ml of the 
resulting filtrate was basified with a NaOH solution 
to pH 12.5–12.7. The solutions were transferred to 
a separatory funnel and extracted with two 10 ml por-
tions of chloroform. After adding each portion, the 
solutions were shaken in a separatory funnel for one 
minute and allowed to stratify for 5 minutes. The or-
ganic layer with the extracted caffeine was collected 
into 25 ml volumetric flasks. The flasks were made 
up to the mark with chloroform. The absorbance of 
the samples was measured using a spectrophotometer 
(Biomate 3, Thermo Scientific, Waltham, Massachu-
setts, USA). The absorbance values were read for the 
maximum caffeine absorption band (λmax 276 nm) and 
at 310 nm (background). The actual caffeine absorb-
ance was calculated from the difference in measured 
values. The caffeine content was calculated on the 
basis of the prepared standard curve for pure caf-
feine chloroform solutions (y = 0.0372x + 0.1061,  
R2 = 0.9928). 

Total phenolic content assay
Total phenolic content was determined using a Folin- 
-Ciocalteu reagent, according to Singleton and Rossi 
(1965) with minor modifications. Briefly, 0.2 ml of 
each coffee brew was added to 1 ml of 10% Folin- 
-Ciocalteu reagent followed by 0.8 ml of 7.5% (w/v) 
Na2CO3 solution. After mixing, the samples were kept 
in the dark for 120 min and then the absorbance was 
read at 760 nm against blank (Biomate 3 spectropho-
tometer, Thermo Scientific, Waltham, Massachusetts, 
USA). Results are expressed as mg of gallic acid equiv-
alents per milliliter of brew (mg GAE∙ml–1) based on 
a calibration curve (y = 0.0555x, R2 = 0.9976). 

Antioxidant assays
DPPH. DPPH radical inhibition was measured accord-
ing to the assay described by Blois (1958) with minor 
modifications. Briefly, 0.2 ml of each coffee brew was 
mixed with 1.8 ml of DPPH radical methanolic solution 
(0.1 mmol∙l–1) and kept in the dark for 60 min. After in-
cubation, the absorbance of the samples was measured 
at 517 nm against blank. The reduction of DPPH radi-
cal was calculated using the following equation:

DPPH percentage reduction = (A0 – AS) / A0) × 100

where: 
A0 – the absorbance of control,
As – the absorbance of the samples with extract. 

The results were also expressed as μmol of Trolox 
equivalents per milliliter of brew (μmol TE∙ml–1) based 
on a calibration curve (y = 1.4124x, R2 = 0.9793).

FRAP. The FRAP assay (Ferric Reducing Ability of 
Plasma) was carried out as previously described by 
Benzie and Strain (1996) with some minor modifica-
tions introduced by Bertoncelj et al. (2007). The FRAP 
reagent contained 2.5 ml of a 10 mmol∙l–1 TPTZ solu-
tion in 40 mmol∙l–1 HCl, 2.5 ml of 20 mmol∙l–1 FeCl3 
and 25 ml of 0.3 mol∙l–1 acetate buffer (pH 3.6). 1.8 ml 
of the prepared reagent was added to 0.2 ml of coffee 
brew and the absorbance of the reaction mixture was 
measured spectrophotometrically (Biomate 3 spec-
trophotometer, Thermo Scientific, Waltham, Massa-
chusetts, USA) at 593 nm after incubation at 37°C 
for 10 min against blank. The results were expressed 
as μmol of Trolox equivalents per milliliter of brew 
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(μmol TE∙ml–1) based on a calibration curve (y = 0.026x,  
R2 = 0.9980).

Statistical analysis
Calculations of the average values (3 independent 
infusions, 2 repetitions of analysis) and calibration 
curves were carried out in MS Excel 5.0. Pearson’s 
correlation coefficient was used to analyze the corre-
lation of the obtained results. Statistically significant 
differences were determined by a one-way ANOVA 
variance analysis with the Tukey test (Statistica 13, 
StatSoft).

RESULTS AND DISCUSSION

Caffeine content in specialty coffee
The caffeine content in brews prepared with method 
A for the individual analyzed coffee grades determined 
by the HPLC method is presented in Figure 1. A great 
variability was observed between particular products 
offered as high-quality coffee. Among the coffee sam-
ples analyzed, the highest caffeine content was re-
corded in the Robusta variety (0.66 mg/ml of brew or 
10.97 mg per gram of coffee), which is consistent with 

all data indicating this species as richer in caffeine 
(Dias and Benassi, 2015; Jeszka-Skowron et al., 2016; 
Khapre et al., 2017). When comparing specialty cof-
fees with those commonly available on the market, in 
most cases, a higher caffeine content was determined 
in specialty coffees. Only coffees labeled as S2 and S4 
contained less caffeine (0.113 and 0.235 mg/ml, which 
corresponds to 1.89 and 3.92 mg per gram of coffee, 
respectively) than popular market coffees (average 
content: 0.276 mg/ml, or 4.61 mg per gram of coffee). 
Both market coffees were very similar in terms of caf-
feine content. The values of the caffeine level obtained 
in the study are of the same order of magnitude as 
the data reported in the literature by various authors 
(dePaula and Farah, 2019; Dias and Benassi, 2015; 
Hečimović et al., 2011). Often, the caffeine content is 
given per portion of the infusion (e.g., a cup), which 
makes it difficult to compare the data. McCusker et 
al. (2003) investigated the caffeine content in special-
ty coffees – converted to the metric system, they ob-
tained values ranging from 0.3 to 0.55 mg/ml of brew. 
This strictly corresponds to the alkaloid content in the 
samples we tested. The geographic origin of coffee, 
the conditions of its brewing and processing, and the 
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Fig. 1. Caffeine content in coffee brews determined spectrophotometrically and by the 
HPLC method. Means sharing the same superscript letter (within data concerning one 
analytical method) are not significantly different (Tukey’s honest significant difference 
test, p < 0.05)
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method of preparing the infusion may also have an im-
pact on the caffeine content (Hečimović et al., 2011; 
McCusker et al., 2003).

There is currently no set acceptable daily intake 
(ADI) value for caffeine, but the dose of ≤2.5 mg/kg 
body weight/day has been used in risk assessments 
(Pollard et al., 2015). The European Food Safety Au-
thority (EFSA) gives single doses up to 200 mg as 
a safe limit for daily caffeine intake for adults, which 
corresponds to 3 cups of 100 ml manual dripped coffee 
or 1 cup of 100 ml soluble coffee + 1 cup 100 ml cold 
brewing coffee or 2 cups of 100 ml aero press coffee 
+ 1 cup of 100 ml infusion coffee bag (dePaula and 
Farah, 2019; EFSA, 2015).

There were significant (p < 0.05) differences be-
tween the caffeine results obtained by the two meth-
ods used. Due to this, fresh brews were used in the 
HPLC assay, whereas in the spectrophotometric ex-
aminations the sample was prepared by extraction of 
caffeine using chloroform. The results obtained were 
lower in comparison to the HPLC results as a conse-
quence of incomplete analyte recovery. A similar ten-
dency was observed by Hečimović et al. (2011) in the 
case of using chloroform extraction . Moreover, a great 
variability between the two methods was observed (by 

3–75%), which indicates the problem with gaining full 
effectiveness of the extraction. The chromatographic 
method of caffeine quantitation is used as a routine 
method in this type of assay and it is characterized 
by better accuracy and repeatability of results. As the 
spectrophotometric method is cheaper and easily ac-
cessible, we compared it with HPLC. However, one 
strong disadvantage of the spectrophotometric method 
is the use of volatile chloroform as a solvent. 

Total phenolic content and antioxidant capacity
The Folin-Ciocalteu method was used to determine 
the content of polyphenols in the coffee infusions, 
whereas the antioxidant capacity of the tested brews 
was examined by two methods based on the different 
mechanisms’ methods (DPPH and FRAP). The results 
are presented in Table 2.

Among the tested coffee infusions, the variation in 
total polyphenol content and antioxidant capacity was 
low. However, the S3 sample was the best in terms of 
this and was only significantly different (p < 0.05). It 
is worth noting that both the polyphenol content and 
antioxidant capacity were lower in the case of market 
coffees compared to those of specialty quality. The av-
erage content of these compounds calculated for all 

Table 2. Total phenolic content and antioxidant capacity data for tested coffee brews

Sample 
symbol

Total phenolic content
mg GAE/ml

FRAP
μmol TE/ml

DPPH

% of radical inhibition μmol TE/ml

S1 50.56 ±3.92a 26.51 ±2.15bc 40.02 ±0.99abc 11.74 ±1.49abc

S2 43.82 ±1.32abc 24.35 ±1.37c 33.84 ±2.64c 10.12 ±1.93c

S3 58.70 ±4.64d 33.08 ±4.31a 46.15 ±2.06a 13.35 ±1.77a

S4 47.21 ±0.92abc 29.68 ±4.11abc 37.86 ±3.38abc 11.18 ±2.12abc

S5 48.32 ±4.74ac 24.66 ±0.94abc 36.41 ±1.16abc 10.80 ±1.54abc

S6 44.76 ±1.53abc 24.88 ±0.02abc 37.51 ±1.24abc 11.08 ±1.56abc

S7 49.05 ±5.25a 29.86 ±4.03abc 38.51 ±0.99abc 11.35 ±1.49abc

R 47.35 ±4.79abc 25.52 ±1.33abc 36.87 ±2.15abc 10.92 ±1.80abc

M1 41.12 ±0.46b 22.86 ±0.52c 34.77 ±2.97ab 10.37 ±2.01ab

M2 41.84 ±2.19bc 23.78 ±0.78bc 35.06 ±4.54bc 10.44 ±2.43bc

Data presented as mean value ±standard deviation (n = 3). The means marked with different letter superscripts in a column differ 
significantly (p < 0.05).
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tested specialty coffees is 40.69 mg GAE/ml, which 
is a value close to that obtained by Hallmann et al. 
(2010), who reported the average polyphenol content 
in conventional coffees of 39.83 mg/ml. In addition, in 
other studies these values were at a similar level and 
were within 20–50 mg GAE/g (Abdeltaif et al., 2018; 
Chłopicka et al., 2015; Hečimović et al., 2011). Simi-
larly, in the case of antioxidant potential (analyzed 
with the FRAP test and DPPH radical quenching), the 
S3 sample exhibited the highest activity, whereas sig-
nificantly lower results were found in market coffees. 
A strong positive correlation was found between the 
polyphenol content determined by the Folin-Ciocalteu 
method and the total antioxidant capacity determined 
by the FRAP method (r = 0.852) as well as by the 
DPPH method (r = 0.941). Both methods of deter-
mining the antioxidant potential were also strongly 
correlated (r = 0.855). No significant correlation was 
observed between caffeine content and antioxidant ac-
tivity (Table 3).

Coffee is a known source of antioxidants, which 
has been confirmed by numerous studies (Liang and 
Kitts, 2014; Yashin et al., 2013). Research conducted 
by Díaz-Rubio and Saura-Calixto (2007) compared the 
total antioxidant capacity in coffee brewed using the 
filter method, and an average activity of 1565.2 μmol 
TE/100 ml of brews was determined. In our tests, the 
average content of Trolox was 2651.8 μmol TE/100 
ml when calculated for the same unit. In our tests, the 
ability to inhibit the DPPH radical is 33–46%, which 
is a relatively low result. This may be a consequence 
of the sample dilution used in the assay. According to 
other sources, coffee infusions quench this synthetic 
radical with an efficiency of over 60% (Hudáková et 
al., 2016; Pokorná et al., 2015). The results converted 
to Trolox equivalents are more reliable and suitable 

for comparison. The results expressed in this way are 
even higher than some data available in the literature 
(da Cruz et al., 2018; Stalmach et al., 2006). No sig-
nificant differences were found for the Robusta variety 
of coffee we examined.

It has been shown that certain anti-radical proper-
ties are exhibited by bioactive compounds present in 
coffee, such as caffeine, nicotinic acid or trigonelline, 
but to a lesser extent than phenolic acids (Daglia et al., 
2004). Phenolic acid derivatives are the main antioxi-
dant compounds in coffee and their content and profile 
depend on many factors: coffee type, cultivation and 
processing conditions. Moreover, in the roasting pro-
cess, new compounds (e.g., polymeric melanoidins) 
with potential antioxidant activity may be formed 
(Yashin et al., 2013). 

The effects of the brewing method
It has been shown that the method used to brew the 
coffee affects its properties, including phenol content 
and antioxidant potential (Díaz-Rubio and Saura-Ca-
lixto, 2007; Yashin et al., 2013). Therefore, the two 
specialty products were selected, S4 (as the lowest 
caffeine source) and S5 (as the richest one), for evalu-
ation of the influence of the brewing method on the 
brew composition. The results of the caffeine content 
in various brews determined by HPLC, total polyphe-
nol content, and antioxidant capacity are summarized 
in Table 4.

Having analyzed the content of polyphenols and 
the antioxidant potential of two selected coffee spe-
cies prepared by three different methods, it can be no-
ticed that the results are at a similar level with a slight 
advantage for the brew prepared in a dripper. Among 
the three brewing methods used, the content of poly-
phenolic compounds and antioxidant capacity was the 

Table 3. Correlation matrix for caffeine quantitation methods and antioxidant capacity

 Caffeine UV Caffeine HPLC TPC FRAP DPPH

Caffeine UV 1

Caffeine HPLC 0.744 1

TPC 0.066 –0.165 1

FRAP –0.121 –0.285 0.852 1

DPPH 0.053 –0.245 0.941 0.856 1
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lowest for method B. It is worth emphasizing that the 
infusion obtained by method A contained significant-
ly less caffeine than method C. This makes method 
A more beneficial in preserving the health-promoting 
properties of coffee while reducing the caffeine con-
tent. Dependencies of the studied parameters on the 
brewing method used, including “alternative” meth-
ods, were also observed by Lin et al. (2009). In their 
case, American style coffee (espresso diluted with hot 
water) and espresso were characterized by having the 
highest anti-radical activity as well as the highest caf-
feine content. The use of a dripper resulted in a signifi-
cant reduction in the content of caffeine but also the 
content of polyphenols (Lin et al., 2009). Similarly, 
the comparable antioxidant activity of coffee prepared 
in an AeroPress® device and in a dripper was observed 
by Janda et al. (2020). It has been shown that the meth-
od of brewing has a significant impact on the caffeine 
content. Espresso coffee has the highest content and, 
among those tested by us, coffee made with a perco-
lator. The infusions with the lowest caffeine content 
include those obtained by using a dripper or infusion 
bags (de Paula and Farah, 2019).

CONCLUSION

Great variability was observed in caffeine content be-
tween brews of specialty grade Arabica coffee. How-
ever, the content was significantly lower than in the 

Robusta variety. In contrast, in terms of total polyphe-
nol content and antioxidant capacity, these samples 
did not differ significantly, excluding one sample orig-
inating from Kenya, which was more abundant in anti-
oxidants. Among the three tested methods of brewing, 
the dripper produced a brew with high antioxidant ac-
tivity without simultaneously enhancing the caffeine 
level. Additionally, the benefits of using the HPLC 
method for caffeine determinations were confirmed as 
it is faster and allows the loss of analyte during sam-
ple preparation to be avoided in spectrophotometric 
determinations.
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