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Abstract
Introduction: Coffee is one of the most widely consumed beverage in the world. Its
popularity stems from organoleptic, psychoactive properties and health-promoting
compounds content. Thanks to caffeine, it has stimulant properties, warming effects,
and also positively affects the digestive system. In turn, frequently occurring
polyphenols are potentially protective agents against chronic neurodegenerative
diseases, cancer and diabetes. They have been associated with antioxidant effects and
support the cardiovascular system.
Objective: The aim of the study was to compare the coffee beverages obtained from
ground beans of Arabica species from different countries in terms of content of
compounds with health- and psychoactive properties. In the study medium roasted
coffee beans from Brazil, India, Costa Rica and Guatemala were used. All the samples
were ground to obtain three degrees of fragmentation (fine, medium, coarse). Steaming
ground beans were conducted using the same conditions. In the obtained beverages the
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content of caffeine and polyphenols were examined, and their effect on the antioxidant
potential of the beverages.
Results: It was found that beverages prepared from coffees of different origins differed
in terms of caffeine and polyphenols content. The least of the compounds was in
beverages with Guatemala coffee, while beverages with India and Brazil coffee
contained more of them. The fineness of beans also affects the composition of the
beverages. Generally, greater fragmentation increased the extraction of caffeine and
polyphenols. The antioxidant potential of the beverages depended more on the country
of origin of the coffee than fineness of beans. The beverages from Guatemala and Costa
Rica coffee were characterised by greater antioxidant potential.

Keywords: coffee Arabica, country of origin, fineness of beans, caffeine, polyphenols,
antioxidant activity

Introduction
The coffee is the most consumed beverage after water, and the second commercial

product in the world after crude oil. Every day approx. 15 billion cups of coffee are
consumed in the world. A statistical Pole consumes 3.5 kg per year coffee when the
Swede has 8.69 kg and Fin 11.92 kg. The vast majority of Poles often choose ground
coffee (61.4%) than soluble coffee (38.6%). Only 6% of consumed coffee in Poland is
coffee consumed outside the home. Similar trends can be observed in most European
countries. The exception is the United Kingdom, where coffee consumption outside the
home was declared by 45% of respondents. The popularity of coffee is dictated
primarily by stimulating and warming effects, as well as its positive effect on the
digestive system [9, 15, 26].

In the 1820s, the discovery of caffeine in coffee (Coffea arabica) and tea
(Camellia sinensis) was made. This substance is synthesised mainly in young leaves and
immature fruits. There are two hypotheses regarding the role of high caffeine
concentration, which accumulates in tea, coffee and a few other plant species during
their maturation. "The theory of chemical defense" suggests - caffeine in young leaves,
flower buds and fruits protect the soft tissue from predators, such as insect larvae and
beetles. In turn, the "allelopathic theory" suggests that caffeine in coating seeds is
released into the soil and inhibits the germination of other seeds[3]. Caffeine (1,3,7-
trimethylxanthine) is one of the few components of the plant, which the general public
knows well. It is known to be a psychoactive substance from the group of stimulants. It
has a stimulating effect on the central nervous system, increasing perceptual capabilities
(concentration, imagination, self-confidence). Stimulation of the cortex is performed by
increasing the secretion of catecholamines, serotonin, dopamine, epinephrine and
norepinephrine [4, 24]. This results in, among others, improving mood and eliminating
tiredness [27]. This substance is rapidly absorbed from the gastrointestinal tract.
Depending on the individual conditions of the body, the activity reaches after 6-8
minutes, while the maximum concentration in the blood is observed within 30-120
minutes after ingestion. This substance is transported through blood to all human organs.
It passes through the placenta and into breast milk, so it is recommended to control the
caffeine consumption during pregnancy and lactation. In infants (up to 9 months of age)
due to not fully developed digestive system (low amount of liver enzymes) 85% of
excreted caffeine is in unchanged form. Healthy adults almost entirely metabolise
caffeine in the liver. Only 1-5% of the consumed caffeine in unchanged form was
detected in the urine of healthy individuals. The metabolism of caffeine depends on
many factors: age, genetic conditions, physiological state, medication or consumed food
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and stimulants [3, 4, 24, 27]. According to a study conducted by the Canadian Ministry
of Health (Health Canada), daily intake of caffeine up to 400 mg for healthy adults does
not expose them to the potential adverse effects of intake of this substance. As for
children, Health Canada reported that 10-12-year-olds should not consume more than
85 mg of caffeine per day, while adolescents aged 13-18 do not exceed 2.5 mg / kg
body weight. The European Food Safety Authority (EFSA) has published information
for adults the usual intake of caffeine up to 400 mg per day and an intake of up to 3 mg /
kg b.w. per day for children and adolescents does not raise safety concerns. In turn, for
pregnant women, a maximum daily dose of caffeine was set at 200 mg daily [22].

The belief that consuming caffeine can have an adverse effect on health,
discourages people from drinking coffee, which undoubtedly contributes to the
increased demand for decaffeinated coffee. Unpleasant short-term side effects which
may occur after consumption of caffeine include palpitations, gastrointestinal disorders,
anxiety, tremors, increased blood pressure and insomnia [3]. On the other hand, long-
term excessive consumption of foods rich in caffeine can result in the development of
diseases such as hypertension, coronary heart disease, anxiety, insomnia, depression,
osteoporosis, anemia, inflammation of the intestinal mucosa and stomach, pregnancy
problems. However, many studies indicate a different effect and reverse relationship
between the occurence of cancer or metabolic diseases and consumption of caffeine.
The latest information on phytochemistry and biological properties of coffee gradually
lead to its recognition as a potential functional food, because the benefits to human
health resulting from its consumption appear to outweigh the negative effects. It is
attributed to its positive effect on the body: delaying neurological diseases (Parkinson's
and Alzheimer's disease, tension headaches and migraines) and cancer (breast and
colorectal cancer), inhibition of metabolic disorders (type 2 diabetes) and liver
dysfunction (cirrhosis) [4, 5, 6, 24, 27].

Coffee is a beverage containing, in addition to caffeine, more than 1,000
compounds responsible for the colour and pleasant taste and aroma. Among these
compounds, mention may be made of polyphenols. These compounds are secondary
metabolites of plants generally involved in the protection against ultraviolet radiation or
aggression of pathogens. Most of these compounds has gained considerable attention as
potentially protective agents against chronic neurodegenerative diseases, cancer and
diabetes. They are attributed to antioxidant and cardiovascular support. Whilst tannins
are the major phenolic compounds in the fruit pulp of coffee, in coffee beans phenolic
compounds are mainly found as esters of hydroxycinnamic acids (coffee, ferulic and p-
coumaric) with quinic acid, known as the chlorogenic acids (CGA). CGA are divided
into the following main groups: caffeoylic acids (CQA, including three isomers, 3-, 4-
and 5-CQA), acids dicuaquinoline (Dicq, including three isomers: 3,4, 3,5, and 4, 5-
Dicq) and acids feruloylquinone (FQA including three isomers, 3-, 4- and 5-FQA) [6, 9,
13]. Other phenolic compounds, such as tannins, lignans and anthocyanins are also
present in coffee beans, although in small amounts. CGAs, which are present in high
concentrations in green coffee seeds (14%) have a significant impact on the quality of
the coffee and play an important role in creating the taste of coffee. However, it was
observed the more intense the coffee roasting (time and temperature), the CGA content
decreases. These compounds show maximum antioxidant activity in medium-roasted
beans. In addition, reference is made to their hypoglycemic, anti-inflammatory,
antibacterial and antiviral, antispasmodic, and hepatoprotective activities. They also
prevent diseases associated with oxidative stress, such as cancer, premature aging,
strokes, Alzheimer's disease, Parkinson's disease and cardiovascular diseases [1, 6, 9,
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11]. Watanabe et al. [23] found chlorogenic acids (CGA) in the extract from coffee
beans reduce blood pressure in male rats and people with hypertension.

The content of the compounds in coffee and subsequent formation of the specific
aroma of the beverage is affected by many factors. One of them is the type of raw
material (species, origin or genetic features). Coffea arabica (Arabica) is considered
more noble and more aromatic than Coffea canephora (Robusta). Harvest time and
technology, storage conditions and subsequent roasting also influence the formation of
new compounds, including aromatic. During roasting, the smell of beans varies from
cereal to toast. Too short roasting makes the aroma less educated with a hint of bread.
On the other hand beans which has been roasted for too long becomes bitter and less
aromatic. There are many degrees of roasting, which are used depending on the
traditions and cultural preferences. Starting from roasting a light giving a little spicy
infusion, through medium and dark to so-called. Italian, which gives strongly burnt,
bitter and greasy infusions. In order to extract the best fragrance compositions, a
mixture of several species of beans or beans with various degrees of calcination. Also
relevant is the method of grinding and brewing (boiled, filtered or espresso) [5, 11]. It is
recommended to grind the beans just before brewing coffee. The fineness of the beans
should be based on how to prepare subsequent infusion. Very finely ground coffee is
better suited for brewing Turkish coffee, and for the overflow or pressure coffee makers
it is better to choose coarsely ground coffee. The shorter the time of contact of water
with coffee, the greater should be the degree of beans refinement in order to extract
more compounds and a better aroma [18].

Aim of the study
The aim of the study was to compare beverages from Arabica coffee beans in

terms of the content of selected psychoactive (caffeine) and health-promoting
compounds (polyphenols). The factors differentiating the examined beverages were the
country of origin of coffee and the fineness of the beans. Additionally, the effect of
these compounds on the antioxidant potential of coffee beverages was evaluated.

Research materials and methods
The test material consisted of 4 types of coffees from Brazil, India, Costa Rica and
Guatemala. The coffees came from the coffee roaster Lani Coffee, Morąg (Warmian-
Masurian Voivodeship), where all beans were roasted to an average degree of roasting.
This is the most usual way of roasting beans. Coffee beans from such roasting are
slightly brown, the taste of coffee is balanced, with low acidity and light bitterness, and
the aroma is clearly perceptible. All the coffee was ground using an electric coffee
grinder from De 'Longhi SpA (Treviso, Italy) adjusting the degree of grinding, so as to
obtain three types of samples: coarse, medium and fine beans.

Preparation of coffee beverages
Brewing was performed according to the recommendations set out in the Polish
Standard [20]. 7 g of ground coffee were weighed and poured with 100 mL of water at
98C. It was left for 5 minutes to infuse, and then the infusion was separated from solids
using a medium filter. The resulting coffee beverage was cooled to room temperature.

Determination of caffeine
The caffeine content was measured using the spectrophotometric method [19] using the
OMEGA BMG FLUOStar apparatus (Ortenberg, Germany). For this purpose, 10 mL of
the beverage was collected and adjusted to pH 12.5-12.7 with NaOH solution. The
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alkaline solution was transferred to a separating funnel and extracted with three portions
of chloroform (10 mL/5 mL/5 mL) at room temperature. The organic layer with the
extracted caffeine was collected into a 25 mL graduated flask of and made up to the
mark with chloroform. The absorbance measurement was performed at a wavelength of
276 nm as the maximum absorbance and caffeine at a wavelength of 310 nm
(background) to chloroform. The correct caffeine absorbance was calculated from the
difference.The caffeine content was calculated from the standard curve. The
determination was performed in three parallel repetitions.

Determination of polyphenols
The total polyphenol content was determined spectrophotometrically using the Folin-
Ciocalteu reagent [2]. The procedure was as follows: to a 15 mL tube, 100 µL of the
beverage were taken, then 500 µL of Folin-Ciocalteau reagent (diluted with water in 1:
2 ratio), 3 mL of sodium carbonate solution (14% aqueous solution) and 6400 mL of
distilled water were added. The sample was incubated at room temperature in the dark
for 1 h. After this time the mixture was centrifuged 10 minutes (16,000 rpm) in a
Eppendorf type 5417R centrifuge, followed by the absorbance of the supernatant
solution measured against the blank at 720 nm using the OMEGA BMG FLUOStar
apparatus. The blank sample was prepared in the same manner as the correct one, but
the beverage was replaced with an equal volume of distilled water. The polyphenol
content was calculated from the calibration curve for various concentrations of D-
catechin in water. The determination was performed in three parallel repetitions.

Determination of the antioxidant potential
The antioxidant potential was determined using the synthetic DPPH (2,2-diphenyl-1-
picrylhydrazyl) radical [17]. Preparation of the sample for analysis consisted of
measuring 100 µL of the beverage and adding 2400 µL of the DPPH radical solution
(0.02 g of the radical in 250 µL of methanol). 16 minutes after the addition of the
radical solution, absorbance at 515 nm was measured against methanol as a blank. The
absorbance of the zero sample prepared by mixing 100 µL of methanol and 2400 µL of
the DPPH radical solution was also measured. Based on these results, the % scavenging
of the DPPH radical was calculated. The OMEGA BMG FLUOStar apparatus was used
to measure the absorbance. The determination was performed in three parallel
repetitions.

Statistical analysis
The data was analysed using variance analyses (with Tukey test) with STATISTICA
v.12 software (StatSoft, Inc., Krakov, Poland). The calculations were performed at a
significance level of p≤0.05. Pearson's linear correlation coefficients were also
calculated.

Results and discussion
For the average consumer of coffee, in addition to the taste values, the caffeine

content also counts, although its biological activity is controversial and its positive or
negative impact on human health is unambiguously determined. Caffeine reduces
fatigue and drowsiness, as well as increases concentration [24]. The caffeine content in
prepared beverage is shown in Table 1. Statistical tests have shown all beverages,
regardless of the country of origin of coffee, have comparable caffeine content. Slightly
higher average content of the component was in the beverages of the coffee beans from
Brazil and India, respectively, 48.81 and 49.55 mg/100 mL. It was also found coffee
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beans from Guatemala were characterised by the smallest fluctuations in caffeine
content depending on the degree of bean refinement. However, during the traditional
brewing of coffee, the lowest efficiency of caffeine extraction occurs in the case of
coarsely ground coffee beans.

Table 1. The content of caffeine and polyphenols in coffee beverages depending on the
origin of coffee and fineness of beans.

The origin
of coffee Fineness of beans Caffeine content

[mg/100 mL]
Polyphenol content
[mg catechin/100 mL]

Brazil

fine 54.50 ± 0.75 c 222.46 ± 1.71 b
medium 49.50 ± 0.41 b 220.04 ± 0.86 b
coarse 42.43 ± 0.32 a 183.27 ± 1.93 a
X 48.81 A 208.59 B
SD 5.44 19.68

India

fine 54.69 ± 0.05 c 208.99 ± 1.93 b
medium 50.05 ± 0.58 b 206.88 ± 0.64 b
coarse 43.90 ± 0.65 a 181.16 ± 2.35 a
X 49.55 A 199.01 B
SD 4.86 13.93

Costa Rica

fine 53.05 ± 0.83 b 202.64 ± 5.35 a
medium 45.62 ± 0.07 a 191.75 ± 3.64 a
coarse 43.91 ± 0.03 a 190.23 ± 2.35 a
X 47.53A 195.49AB
SD 4.36 6.79

Guatemala

fine 46.71 ± 0.60 b 204.30 ± 4.71 c
medium 46.63 ± 1.03 b 155.74 ± 3.21 b
coarse 43.14 ± 0.16 a 112.62 ± 4.28 a
X 45.49 A 158.75A
SD 1.90 41.15

�� – average value,  – standard deviation A,B,C/ a,b,c - Mean values followed by the same letter (upper
case letter for country of origin and lower case letter for particle size) are not significantly different
(p0.05).

The content of phenolic compounds of tested coffees is shown in Table 1.
Guatemala coffee was characterised by the lowest content of polyphenols (158 mg of
catechin /100 mL on average). However, this is due to a large variation in the content of
these compounds depending on the degree of fragmentation. The content of phenolic
compounds in all beverages obtained from low-grade beans was at a similar level (203-
222 mg catechin/100 mL). In most beverages, a statistically significant difference in
extraction was the amount of phenolic compounds observed with coarse grinding of the
beans (reduction in content). The smallest differences in the content of phenolics
showed coffee from Costa Rica depending on the fineness of the coffee. Szymanowska
and Wołosiak [21] in their study received a similar content of phenolic compounds per
100 mL of infusion. They found this content was reduced under the influence of the
temperature in the roasting process.
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Table 2. The antioxidant potential of coffee beverages depending on the origin of coffee
and fineness of beans.

The origin of
coffee Fineness of beans Antioxidant potential

[% Inhibition of DPPH radical]

Brazil

fine 38.72 ± 0.77 b
medium 36.72 ± 0.57 b
coarse 33.63 ± 0.50 a
X 36.36 A
SD 2.35

India

fine 46.31 ± 0.20 b
medium 47.83 ± 1.08 b
coarse 43.41 ± 0.47 a
X 47.85 B
SD 2.08

Costa Rica

fine 77.49 ± 1.41 b
medium 65.54 ± 1.68 a
coarse 65.56 ± 1.45 a
X 69.53 C
SD 6.27

Guatemala

fine 73.18 ± 1.78 a
medium 70.42 ± 0.64 a
coarse 67.44 ± 1.68 a
X 70.35 C
SD 2.80

�� – average value,  – odchylenie standardowe A,B,C/ a,b,c - Mean values followed by the same letter
(upper case letter for country of origin and lower case letter for particle size) are not significantly
different (p0.05).

Coffees from different regions of the world differ significantly in terms of their
antioxidant potential (Table 2). The highest DPPH radical scavenging capacity was in
Costa Rica and Guatemala coffees (68 and 70% of DPPH radical reduction,
respectively), and the smallest was in coffee from Brazil (36% of DPPH radical
reduction). Fărcaş et al. [10] show that robusta coffee infusions have an antioxidant
potential of 43.63% inhibition of the DPPH radical, while arabica coffee only 36.18%.
However, research published by Wolska et al. [25] show much higher antioxidant
abilities of infusions (expressed as % inhibition of DPPH radical) from 80.90 to 82.2%
and from 78.92 to 82.2%, respectively. These studies showed that the biggest difference
in the antioxidant potential was found in green coffee infusions depending on the
brewing method (71.97-83.21%). Heat treatment of coffee beans (roasting process)
affects the level of antioxidant potential. In addition to the phenolic compounds present
in coffee, which are partially destroyed by the roasting process, other antioxidant
compounds, such as melanoidins, may be formed, and thus it is possible to maintain or
enhance the antioxidant activity. However, after exceeding a certain threshold, the
formation of new compounds may not compensate for the large loss of phenolic
compounds. According to Hecimovic et al. [12] roasted coffee beans showed a higher
antioxidant capacity than green coffee beans, and increased coffee consumption
decreased its antioxidant potential.

The antioxidant potential had a linear relationship with the content of caffeine
and polyphenols (Table 3). It can be noticed with increasing concentration of these
compounds in the beverages, the scavenging ability of the DPPH radical increased
within the coffee originating from different country. However, searching for
correlations between samples varied in the fineness of beans, not statistically significant
correlation can be observed. This may be due to the antioxidant activity of other
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compounds contained in the beverages. The literature lacks data on the correlation
between the total content of phenolic compounds and caffeine content in coffee
beverages and their antioxidant potential. Most authors mainly focus on the content of
chlorogenic acid derivatives. This may be due to the fact monocafoylquinone acids are
the most widespread phenolic compounds in coffee. Ludwig et al. [16] stated that at the
beginning of coffee brewing, the most caffeoylic acids were extracted and this was
correlated with the antioxidant infusion capacity measured by means of % inhibition of
the DPPH radical. Furthermore, researchers usually investigate the antioxidant activity
of alcoholic or aqueous coffee bean extracts (other extraction conditions than typical
brewing coffee). For example, Daniel and Workneh [7] showed a positive and high
correlation between total phenolic content and DPPH free radical scavenging inhibition
activity for aqueous and ethanolic extracts. In turn, Lopez-Galilea et al. [15] reported a
significant correlation between caffeine content in coffee beans and antioxidant activity
in the coffee brews results obtained by DPPH.

Table 3. Pearson’s linear correlation coefficients (r) determined for the relationship
between caffeine content, polyphenols and the antioxidant potential of coffee beverages.

Tested coffee beverages
Caffeine content vs.
antioxidant
potential

Caffeine content vs.
polyphenol content

Antioxidant
potential vs.
Polyphenol content

Division according to
the origin of coffee

Brazil 0.98* 0.93* 0.92*
India 0.70 0.93* 0.89*
Costa Rica 0.96* 0.85* 0.92*
Guatemala 0.83 0.80 0.90*

Division due to the
fineness of beans

fine 0.80 0.80 0.37
medium 0.60 0.84* 0.37
coarse 0.83* 0.50 0.33

*Pearson’s correlation coefficient is statistically significant (p0.05).

Conclusions
1. The coffee beverages prepared from coffees of different origins differed in terms of

the studied health-promoting and psychoactive compounds.
2. The least of caffeine and polyphenols contents were in beverages with coffee beans

from Guatemala, while beverages with coffee beans from India and Brazil contained
more of them.

3. The degree of grinding coffee beans affects the composition of the beverage. The
greater fragmentation increased the passage of caffeine and polyphenols into a
beverage.

4. The antioxidant potential of the coffee beverages depended on the country of origin
of the coffee. The coffee beverages from Guatemala and Costa Rica coffee were
characterised by greater antioxidant potential.

5. The antioxidant potential of coffee beverages was influenced by both caffeine and
polyphenols, and depended mainly on the country of origin.
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