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Phytochemical contents in diets have gained attention 
because of their aff ect on the human body by improv-
ing health and well-being and/or by reducing the risk 
of disease, particularly lifestyle diseases. It is well 
known that the bioactive compound content in plant 
foods is generally aff ected by genetic, environmen-
tal and technological factors. The harvesting meth-
ods, storage conditions and technological processes 

occurring in food production may also aff ect phy-
tochemical content and activity. Moreover, thermal 
processes in food production, in particular, can af-
fect biological activities as a result of various chemi-
cal changes during heat-treatment (Evangelista et al., 
2014; Kothe et al., 2013). 

Coff ee is one of the most widely consumed bev-
erages in the world due to its sensory characteristics, 
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ABSTRACT

Background. Coff ee is important source of natural antioxidants in the diet, such as phenolic compounds, 
alkaloids, mainly caff eine, diterpenes (cafestol and kahweol) and Maillard reaction products formed during 
roasting.
Material and methods. In aqueous and methanolic extracts of coff ee (Coff ea arabica L.) roasted using 
traditional techniques from Brazil (B), Colombia (C), Ethiopia (E), Kenya (K) and coff ee roasted using an 
industrial technique from Brazil (T), the phenolic and caff eine content as well as antioxidant properties were 
determined.
Results. Comparing the results from water and methanolic extracts it should be noted that the highest amount 
of phenolics was determined for a methanolic extract of coff ee roasted using the industrial technique (650.96 
mg GAE/g DW) and a water extract of Kenya coff ee (461.63 mg GAE/g DW). Caff eine content was on aver-
age two times higher in all methanolic extracts than in water extracts. The radical scavenging activity of aque-
ous extracts was found to be higher than methanolic extracts. The highest antioxidant scavenging activity was 
determined for C (EC50 = 1.16 mg DW/ml) and E (EC50 = 1.3 mg DW/ml) water extracts. Compared to water 
extracts methanolic extracts showed signifi cantly higher reducing power, ability to chelate Fe2+, inhibition of 
linoleic acid peroxidation and inhibition of lipoxygenase. 
Conclusions. This study demonstrated that the methanolic extracts obtained from diff erent types of coff ee 
exhibit potential anti-infl ammatory and antioxidant properties. The highest antioxidant activity was shown by 
traditionally roasted coff ees from Colombia and Ethiopia.
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stimulating and benefi cial health eff ects (Pérez-Mar-
tínez et al., 2010; Rodrigues et al., 2013). Coff ee is 
believed to be the most important source of natural 
antioxidants in our diet, e.g. phenolic compounds, al-
kaloids, mainly caff eine, diterpenes (cafestol and kah-
weol) and Maillard reaction products formed during 
roasting (Budryn and Nebesny, 2008). In coff ee pro-
duction, roasting is the process which markedly aff ects 
the composition of coff ee beans. In traditional coff ee 
roasting the number of beans is lower during a single 
roasting, beans are much more selected than in the in-
dustrial process and a lower temperature and longer 
time period is applied. Changes in the antioxidative 
capacity of coff ee on roasting may be associated with 
the degradation of phenolic acids, but some research-
ers attribute the antioxidative eff ectiveness of roasted 
coff ee to Maillard reaction products (Pérez-Hernández 
et al., 2012). Temperature and time are the critical pa-
rameters of the roasting process which modulate the 
chemical composition and physiological activity of the 
fi nal products (Summa et al., 2007; Toci et al., 2009). 

Thus, in this study the antioxidant activity of ex-
tracts was determined from coff ee (C. arabica L.) 
roasted traditionally (from Colombia, Ethiopia, Kenya 
and Brazil) and industrially (from Brazil).

MATERIAL AND METHODS

Chemicals
Ferrozine (3-(2-pyridyl)-5,6-bis-(4-phenyl-sulphonic 
acid)-1,2,4-triazine), ABTS (2,2’-azino-bis (3-ethylb-
enzthiazoline-6-sulphonic acid), ferric thiocyanate, 
Folin-Ciocalteau reagent, linoleic acid, gallic acid, 
phenolics standard, caff eine and lipoxygenase were 
purchased from Sigma-Aldrich (Poznań, Poland). All 
other chemicals were of analytical grade.

Material
Analyses were conducted on four samples of tradition-
ally roasted coff ee beans (C. arabica L.): C – Colom-
bia, E – Ethiopia, K – Kenya and B – Brazil obtained 
from “Cofeina Romuald Zalewski Sp. j.” (Poland) and 
one sample of industrially roasted coff ee beans (C. 
arabica L.) from Brazil (T), which was purchased in 
a local supermarket.

Coff ee extract preparation. The beans of individ-
ual coff ee samples were ground using the laboratory 

hammer mill (POLYMIX-Micro-Hammermill MFC, 
Kinematica AG, Littau/Lucerne, Switzerland) equipped 
with round holes 3.0 mm. The detailed procedure of 
the grinding method and grinding equipment was de-
scribed by Dziki et al. (2014). This ground material 
was then used in the preparation of aqueous and hy-
droalcoholic (methanolic) extracts.

The hydroalcoholic extracts were prepared using 
the following protocol: one gram of each kind of cof-
fee was extracted with 50 mL of 50% (v/v) methanol 
for 60 min at room temperature, and then centrifuged 
at 9000 g for 15 min.

The aqueous extracts were prepared according 
to Budryn et al. (2009) with a slight modifi cation. 
Briefl y, one gram of each kind of analyzed coff ee was 
brewed with boiling water followed by intermittent 
mixing thereafter to cool the mixture down and this 
was extracted with 50 mL of water for 60 min at room 
temperature and then centrifuged at 9000 g for 15 
min (Budryn et al., 2009). The aqueous extracts were 
freeze-dried and hydroalcoholic extracts were dried 
convectively at 80°C in a laboratory dryer. To com-
pare the contents of the quantifi ed compounds in the 
extracts, dry extract weight was determined as the loss 
in weight after drying at 103°C until constant weight.

Analytical methods
Total phenolic content (TPC). The amount of total 
phenolic was determined using the Folin-Ciocalteau 
reagent (Singleton et al., 1974). The total phenolic 
content was calculated as gallic acid equivalent (GAE) 
in mg per g of dry weight (DW).

Determination of caff eine content. The amount of 
caff eine in the coff ee extracts was determined spectro-
photometrically according to the method described by 
Singh and Sahu (2006). A standard curve was prepared 
in the concentration range 0.02–0.2 mg/ml of pure caf-
feine (r2 = 0.978).

Antioxidant activity assays. Free radical-scaveng-
ing activity was determined by the ABTS•+ method 
according to Re et al. (1999). Iron chelating activ-
ity and ferric reducing antioxidant power were deter-
mined according to the methods described by Guo et 
al. (2001) and Oyaizu (1986), respectively. Inhibition 
of lipid peroxidation was performed in accordance 
with Kuo et al. (1999). Antioxidant activities (except 
reducing power) were determined as EC50 – extract 
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concentration (mg DW/mL) provided 50% of activity 
based on a dose-dependent mode of action. For reduc-
ing power (RP) EC50 value (mg/mL) is the eff ective 
concentration at which the absorbance was 0.5 and it 
was obtained by interpolation from linear regression 
analysis.

Inhibition of lipoxygenase (LOX) activity. The 
ability to inhibit lipoxygenase (LOX) was determined 
according to the Szymanowska et al.’s method (2009). 
LOX inhibitory activity was determined as EC50 – the 
extract concentration (mg DW/mL) that reduced activ-
ity by 50%.

Statistical analysis. The experiments were conduct-
ed three times and all determinations were performed 
in triplicate. Statistical analysis was performed using 
STATISTICA 7.0 for mean comparison using Tukey’s 
test at a signifi cance level of α = 0.05.

RESULTS

The total content of phenolic compounds (TPC) de-
termined in the Folin-Ciocalteu assay is shown in 
Figure 1. There were no statistically signifi cant 

diff erences between aqueous and methanolic extracts 
in almost all samples. Only in the industrially roasted 
coff ee (T) was the TPC determined in the methanolic 
extract signifi cantly higher (about 30%) than that of 
the aqueous extract (Fig. 1). The hydroalcoholic ex-
tract of coff ee T was characterized by the highest TPC 
(650.96 ±37.69 mg GAE/g DW). However, compar-
ing the water extracts, those of traditionally roasted 
coff ees from Kenya and Ethiopia contained the largest 
amounts of phenolics – 461.63 ±40.23 mg GAE/g DW 
and 448.996 ±35.25 mg GAE/g DW, respectively.

The caff eine content (mg/g DW) in the coff ee ex-
tracts is shown in Figure 2. In all aqueous traditionally 
roasted coff ee extracts, similar levels of the alkaloid 
were observed (on average 136.14 mg/g DW). In aque-
ous extracts of industrially roasted coff ee (T) a sig-
nifi cantly higher caff eine content was found (170.93 
±11.74 mg/g DW). In the case of caff eine content in 
methanolic extracts, the lowest content (212.48 ±2.31 
mg/g DW) was determined in traditionally roasted 
coff ee from Brazil, while the highest was noted in cof-
fees from Columbia and Ethiopia (321.94 ±24.43 and 
339.39 ±3.34 mg/g DW, respectively). Generally, in 
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Fig. 1. Total phenolic content of extracts obtained from traditionally roasted coff ee beans – from 
Colombia – C, Ethiopia – E, Kenya – K and Brazil – B and industrially roasted coff ee beans from 
Brazil – T. All values are mean standard deviation for triplicate experiments. Diff erent lower case 
letters in the same types of coff ee indicate a signifi cant diff erence (α = 0.05). Diff erent capital 
letters in the same solvent used indicate a signifi cant diff erence (α = 0.05)
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all methanolic extracts the caff eine content was on av-
erage twice as high as in aqueous extracts (Fig. 2).

The antioxidant activity of hydroalcoholic and 
aqueous extracts of the kinds of coff ees studied 
were determined using four diff erent assays: iron 
chelating activity, reducing power, inhibition of li-
pid peroxidation and ABTS free radicals scaveng-
ing activity (Table 1). The coff ees showed relatively 
high antiradical activity – EC50 values ranged from 
1.26 ±0.04 to 2.91 ±0.02 mg DW/mL (Table 1). The 
aqueous extracts of all traditionally roasted coff ees 
showed higher antiradical activity than the metha-
nolic extracts, expect for hydroalcoholic extract 
from industrially roasted coff ee (T) (Table 1). The 
highest ability to scavenge free radicals (ABTS•+) 
was determined for aqueous extract C (EC50 = 1.26 
±0.04 mg DW/mL) and E (EC50 =1.30 ±0.02 mg DW/
mL). The antioxidant activity expressed as chelating 
ability was relatively low in aqueous extracts. The 
highest EC50 value (659.9 ±9.58 mg DW/mL) was 
observed for aqueous extract sample T. Moreover, 
for hydroalcoholic extracts the T sample showed the 
lowest Fe2+ chelating activity. The highest activity 

(EC50 = 1.79 ±0.016 mg DW/mL) was determined 
for methanolic sample C (Table 1). Reducing power 
was signifi cantly higher for hydroalcoholic extracts 
in all coff ees tested in comparison to the aqueous ex-
tracts (Table 1). It should be noted that the hydroal-
coholic extracts of all the coff ees were also charac-
terized by a relatively high and similar antioxidant 
activity expressed as reducing power (there were no 
statistically signifi cant diff erences between the C, E, 
B, K and T samples).

Hydroalcoholic extracts of all the coff ees were 
characterized by a signifi cantly greater ability to pro-
tect lipids against oxidation than was the case with 
aqueous extracts (Table 1). The activity of all aqueous 
extracts was relatively low (EC50 values ranged from 
35.62 ±5.25 to 60.00 ±3.56 mg DW/mL), whereas 
methanolic extracts were characterized by a relatively 
high ability to inhibit linoleic acid peroxidation, espe-
cially the C, E and T samples (EC50 = 1.34 ±0.35, 1.95 
±0.21 and 1.07 ±0.3 mg DW/mL, respectively).

As shown in Table 1, all the types of coff ee studied 
were a good source of lipoxygenase (LOX) inhibitors, 
but it should be noted that hydroalcoholic extracts of 
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Fig. 2. Caff eine content (mg/g DW) in extracts obtained from traditionally roasted coff ee beans 
– from Colombia – C, Ethiopia – E, Kenya – K and Brazil – B and industrially roasted coff ee 
beans from Brazil – T. All values are mean standard deviation for triplicate experiments. Diff er-
ent lower case letters in the same types of coff ee indicate a signifi cant diff erence (α = 0.05). Dif-
ferent capital letters in the same solvent used indicate a signifi cant diff erence (α = 0.05)
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all samples had a higher ability to inhibit LOX. The 
highest LOX inhibition was observed for the T metha-
nolic extract sample (EC50 = 3.55 ±1.57 mg DW/mL), 
while the lowest LOX inhibition was obtained for hy-
droalcoholic extract sample K (EC50 = 12.94 ±2.14 mg 
DW/mL). Another tested methanolic extract of cof-
fee beans also showed high inhibition LOX activity 
(Table 1).

DISCUSSION

Coff ee is one of the most popular beverages consumed 
by millions of people every day and is traditionally 
used for hedonistic and psychostimulant purposes. 
Until recently, its composition was not considered as 
a healthy dietary supplement and it was not linked 
with cardiovascular diseases and an increased risk of 
myocardial infarction. Currently, coff ee is considered 
as a rich source of bioactive compounds with antioxi-
dant activity such as the hydroxycinnamic acids fami-
ly: caff eic, chlorogenic, coumaric, ferrulic and sinapic 
acids (Farah et al., 2006; O’Keefe et al., 2013). There 
are two types of techniques used in coff ee production: 

wet and dry processes. Most of the world’s green cof-
fee has experienced some form of wet processing; 
this includes most premium products. The amount of 
bioactive compounds and taste of coff ee depend on 
bean origin, roasting and the methods for preparing 
the drink (Afi fy et al., 2011). The roasting process is 
particularly important and it may lead to the formation 
of new Maillard reaction products that infl uence the 
antioxidant properties of coff ee (O’Keefe et al., 2013). 
There are traditional and industrial methods of roast-
ing, which diff er in terms of temperature, time and 
the manner of blowing hot air. Traditional methods 
often use old, wood-fi red coff ee roasters made from 
cast iron. Many studies have demonstrated the ben-
efi ts of coff ee consumption, the chemical compounds 
of coff ee beans, the relationship between coff ee con-
sumption and its potential disease prevention proper-
ties, which might be due to their polyphenol content 
(Huxley et al., 2009; O’Keefe et al., 2013; Ota et al., 
2010) However, there has been little research into the 
relationship between polyphenol content and the an-
tioxidant properties of coff ee extracts prepared using 
diff erent roast processes.

Table 1. Antioxidant potential – EC50 (mg DW/ml – of traditionally roasted coff ee beans – from Colombia – C, Ethiopia – E, 
Kenya – K and Brazil – B and industrially roasted coff ee beans from Brazil – T)

Sample
ABTS Iron chelating 

activity
Ferric reducing 

power

Inhibition of 
linoleic acid 
peroxidation

Inhibition of 
lipoxygenase 

(LOX)

EC50, mg DW/ml

C aqueous 1.26 ±0.049 Aa 43.74 ±3.25 Aa 6.27 ±1.2 Aa 58.12 ±2.35 Ab 97.77 ±18.36 Aa

hydroalcoholic 1.98 ±0.024 Bb 1.79 ±0.016 Ba 0.31 ±0.015 Ba 1.34 ±0.35 Ba 5.64 ±2.01 Ba

E aqueous 1.3 ±0.093 Aa 82.77 ±4.5 Ac 5.32 ±0.98 Aa 38.43 ±4.56 Aa 77.73 ±15.35 Aa

hydroalcoholic 2.12 ±0.019 Bb 2.07 ±0.15 Bab 0.3 ±0.023 Ba 1.95 ±0.21 Bb 4.56 ±1.98 Ba

B aqueous 1.66 ±0.079Ac 68.76 ±4.56 Ab 6.19 ±0.85 Aa 39.03 ±4.02 Aa 146.6 ±16.35 Ab

hydroalcoholic 2.91 ±0.025 Aa 2.53 ±0.26 Bbc 0.31 ±0.017 Ba 15.79 ±1.05 Bc 5.18 ±1.57 Ba

K aqueous 1.39 ±0.03 Aab 154.34 ±7.89 Ad 6.86 ±0.89 Aa 60 ±3.56 Ab 200.2 ±13.25 Ad

hydroalcoholic 2.87 ±0.018 Ba 2.42 ±0.031 Bc 0.25 ±0.024 Bb 19.71 ±1.42 Bd 12.94 ±2.14 Bb

T aqueous 1.45 ±0.048 Ab 659.9 ±9.58 Ae 7.57 ±1.4 Aa 35.62 ±5.25 Aa 169.96 ±14.21 Ac

hydroalcoholic 1.38 ±0.015 Bc 7.6 ±0.31 Bd 0.3 ±0.018 Ba 1.07 ±0.3 Ba 3.55 ±1.57 Ba

All values are mean standard deviation for triplicate experiments. Diff erent lower case letters in the same types of coff ee indicate 
a signifi cant diff erence (α = 0.05). Diff erent capital letters in the same solvent used indicate a signifi cant diff erence (α = 0.05).
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The present study compared the antioxidant activ-
ity of coff ee roasted using traditional and industrial 
techniques. We studied aqueous and hydroalcoholic 
extracts from fi ve kinds of coff ee beans. In our study, 
the phenolic content was signifi cantly higher than that 
obtained by other authors, because those results were 
calculated on the basis of the dry weight of lyophi-
lized extract and not on the dry weight of coff ee beans. 
TPC in a hot aqueous extract from Abd El-Maboed 
coff ee was 1.87 mg/g DW. However, in the same sam-
ple prepared in cold water TPC was 2.28 mg/g DW 
(Afi fy et al., 2011). Ramalakshmi et al. (2009) studied 
the total phenolic content in fi ve diff erent aqueous ex-
tracts from coff ee beans. The amount of these com-
pounds was ranged from 1–4.5 mg/g DW. The reasons 
for the diff erent phenolic content in the samples could 
be either the degradation of these compounds during 
roasting or the release of these compounds during 
extraction (Ramalakshmi et al., 2009). The data also 
show that the TPC in the extract depends on the origin 
of the coff ee beans and type of solvent.

The most frequently cited roasted coff ee bean in-
gredient is caff eine. Caff eine is the main alkaloid in 
coff ee beans, accounting for 1 to 4% (dry basis), with 
a large variation within cultivars and among them. 
Caff eine content is strongly related to the quality of 
coff ee beverages, because it contributes to its bitter-
ness. We showed a high caff eine content in hydroal-
coholic extracts (Fig. 2). Our results agreed with 
a study by Perva-Uzunalić et al. (2006), when caf-
feine extraction effi  ciency was better in case of using 
methanol than water at boiling point. Franca et al. 
(2005) indicate that caff eine content decreases sig-
nifi cantly during the roasting of coff ee beans and is 
about 0.6 g/100 g DW. Caff eine content in coff ee var-
ies widely, depending on the type of coff ee bean and 
the method of preparation used (Perez-Hernández 
et al., 2012). 

Moreover, the method of coff ee bean roasting af-
fects the antioxidant activity of coff ee extracts. It has 
been found that medium roasted coff ee beans have the 
highest activity, due to the balance between the degra-
dation of phenolic compounds and products of Mail-
lard reaction during the process (Bekedam et al., 2008; 
Del Castillo et al., 2005; Sacchetti et al., 2009). How-
ever, the origin of the coff ee beans aff ects the antioxi-
dant activity. Budryn and Nebesny (2008) showed that 

Robusta coff ee extracts had higher antioxidant effi  ca-
cy than Arabica coff ee beans.

Our results show that both aqueous and methanol-
ic extracts possess antiradical potential. The highest 
activity was determined in C and E aqueous extracts. 
In the case of hydroalcoholic extracts, the most eff ec-
tive scavenger against ABTS•+ was obtained from the 
industrial roasting technique. On the basis of these re-
sults, it should be noted that hydrophilic compounds 
are eff ective free radical scavengers. Pérez-Hernán-
dez et al. (2012) found no statistically signifi cant 
diff erences in free radical scavenging against ABTS 
of Arabica, Caracoli and Robusta green coff ee beans 
and of four commercially available coff ee types (Ital-
ian roast, French roast, torrefacto and instant coff ee). 
Moreover, in the present study the antioxidant prop-
erties depended on the coff ee beans’ origin and roast-
ing technique used. This suggests that compounds 
with antioxidant properties are changed during the 
preparation of the coff ee beans and that the antioxi-
dant properties of coff ee extracts can be maintained, 
or even enhanced, by the development of compounds 
with antioxidant activity, including Maillard reac-
tion products (Budryn and Nebesny, 2008). Sacchetti 
et al. (2009) examined correlations between coff ee 
roasting degree and free radical scavenging activ-
ity. They conclude that at higher roasting intensities, 
the thermal degradation of polyphenols causes a de-
crease in antioxidant activity and this process is not 
counterbalanced by further Maillard reaction prod-
ucts. Górnaś et al. (2016) concluded that phenolic ac-
ids are the main group of phenolics indicated in cof-
fee beans. A reduction in its concentration is a result 
of their thermal instability and degradation during 
intense roasting. The antioxidant activity of coff ee 
samples depends on phenolic content, so roasting in-
tensity can aff ect the ability to scavenge free radicals, 
reduction power or the ability to chelate transition 
metal ions. In general, light-roasted coff ee possesses 
higher antioxidant activity than dark-roasted.

The ability to chelate Fe2+ and the reducing power 
of a compound serve as signifi cant indicators of its 
potential antioxidant activity (Hseu et al., 2008). In 
this study, all coff ee extracts presented the ability to 
chelate Fe2+ and the reducing power of compound. 
These properties were higher for methanolic than 
aqueous extracts. However, a higher reducing power 
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was determined for aqueous than for hydroalcoholic 
extracts of traditionally roasted coff ee beans from 
Brazil. The results of our paper show that lipophilic 
compounds of coff ee signifi cantly aff ect the ability to 
chelate Fe2+ and reducing power. 

Iron can stimulate lipid peroxidation by the Fenton 
reaction and it could lead to the transformation of lipid 
hydroperoxides into peroxyl and alkoxyl radicals that 
can perpetuate a chain reaction. The ability to chelate 
metal ions, especially iron reduces the concentration 
of the transition metal that catalyzes lipid peroxidation 
(Mohan et al., 2012). Many authors investigated phe-
nolic compounds with antioxidant activities and the 
inhibition of linoleic acid peroxidation or LOX inhibi-
tion (Gawlik-Dziki, 2012; Szymanowska et al., 2009; 
2004), while there is the lack of research on coff ee 
extracts obtained from beans roasted with traditional 
and industrial techniques. In the study, inhibition of li-
noleic acid peroxidation and LOX inhibition were de-
termined. Hydroalcoholic extracts from C and T were 
the most eff ective preventers of linoleic acid and in-
hibition of lipoxygenase. It should be noted that LOX 
is a pro-oxidative and pro-infl ammatory enzyme, so 
its inhibition plays a very important role in infl amma-
tory and cancer prevention (Gawlik-Dziki, 2012). Ad-
ditionally, the high chelating power of coff ee samples 
may off er anti-atherosclerotic potential (O’Keefe et 
al., 2008). 

CONCLUSIONS

This study demonstrated that the hydroalcoholic ex-
tracts obtained from diff erent types of coff ee exhibit 
potential anti-infl ammatory and antioxidant prop-
erties. The highest antioxidant activity was shown 
by traditionally roasted coff ees from Colombia and 
Ethiopia. The diff erences in antioxidant activity of 
coff ee bean extracts evaluated through four com-
plementary assays (free radical scavenging activity 
against ABTS, iron chelating activity, ferric reduc-
ing power, inhibition of linoleic acid peroxidation) 
are the result of changes in phenolic profi les, which 
depends on intensity of roasting process. Dark-roast-
ed coff ee possesses lower antioxidant capacity than 
light-roasted. Moreover, there was no clear correla-
tion between the process of coff ee bean roasting and 
the source or type of coff ee.
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