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ABSTRACT

Background. Coffee is one of the most widely consumed beverages in the world, because of its unique sen-
sory properties and physiological properties. Coffee beverages represent a significant source of antioxidants
in the consumers’ diet and contribute significantly to their daily intake. The aim of this research was to inves-
tigate the effect of different roasting degrees on the content of biologically active compounds and antioxidant
activity in different quality classes of Arabica coffee.

Materials and methods. Samples of green Arabica coffee (Rio Minas) of two quality classes from two pro-
duction batches were used for the research. Roasting was carried out at temperatures of 167, 175 and 171°C.
The total phenol content (TPC), total flavonoid content (TFC), flavonol content (FC) and antioxidant activity
(DPPH, ABTS) in the coffee extracts was determined.

Results. This research shows that TPC was significantly higher (P < 0.05) in green coffee compared to TPC
in roasted coffee, and TPC decreases as the roasting temperature increases. TFC and FC were significantly
lower (P < 0.05) in green coffee than in roasted coffee. Differences in TPC between the 1% and 2™ classes of
Arabica coffee were not significant (P > 0.05), while differences in TFC were significant (P < 0.05) only for
green coffee from the second production batch and differences in FC were significant (P < 0.05) for green cof-
fee and for coffee roasted at 175°C. Roasting temperatures have different influences the antioxidant activity
(DPPH, ABTS) of coffee and the highest antioxidant activity was determined in coffee roasted at 171°C. An
exception was 1% class Arabica coffee roasted at 167°C (ABTS). All samples of 1% class Arabica coffee had
higher antioxidant activity (DPPH, ABTS) compared to 2™ class Arabica.

Conclusions. This research shows that the bioactive compounds content and antioxidant activity of different
quality classes of Arabica coffee are dependent on the degree of roasting. TPC decreases when the roasting
temperature increases, while TFC and FC also increase. These results indicate that the antioxidant activity of
coffee depends on a variety of bioactive components in coffee beans. Antioxidant activity largely depends on
the class of coffee. The coffee samples of 1% class quality (maximum & black beans/300 g from the sample and
large bean size) had higher antioxidant activity compared to samples of 2™ quality class (maximum 19 black
beans/300 g in the sample and medium-sized beans).
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INTRODUCTION

Food and certain food components can significantly
affect human health (Dziki et al., 2015). A diet that
includes fruits, vegetables, cereals and legumes rep-
resents a source of many antioxidants (Yashin et al.,
2013). Products which can supply high amounts of
antioxidants are beverages such as coffee, tea, cocoa,
wine and beer (Sikora et al., 2008). Coffee is one of the
most popular beverages worldwide. The type of coffee
beverage, size of the standard cup and the amount of
coffee consumed can significantly vary by geographi-
cal region and on an individual basis. Moderate coffee
consumption is associated with a significant reduc-
tion in the risk of certain chronic diseases developing
(Cavin et al., 2008). For this reason, in recent years, in-
creased attention has been directed to the study of cof-
fee’s beneficial effects on human health. Since coffee
contains significant amounts of antioxidants and other
positive active components, researchers have indicated
the potential beneficial health effects of coffee (Misik
et al., 2010; Nicoli et al., 1997; Trandafir et al., 2013).
Svilaas et al. (2004) and Votavova et al. (2009) con-
firmed that coffee beverages contribute 66% of the to-
tal antioxidant intake. Recent studies have shown that
coffee components such as tocopherols, carotenoids,
caffeine, phenolic compounds such as chlorogenic
acid, hydroxycinnamic acid and products of the Mail-
lard reaction, such as melanoides, have antioxidant
properties (Parras et al., 2007; Vignoli et al., 2011).
Phenolic compounds are considered to be the most ef-
fective antioxidants, and also they have a significant
influence on the stability, sensory and nutritional char-
acteristics of the product (Klensporf-Pawlik and Przy-
bylski, 2015; Sikora et al., 2008). Phenolic acids, their
derivatives and some flavonoids belong to the group of
natural phenolic compounds (Sikora et al., 2012). Cof-
fee roasting is a complex heat transfer process and this
step is probably the most important stage in coffee pro-
cessing (Fereez Eduzan, 2015; Noor Aliah, 2015). The
beans undergo a series of reactions during roasting,
leading to the desired changes in physical properties
and chemical composition (Illy and Viani, 2005). The
concentration of highly active phenolic compounds
in green coffee depends on coffee variety and origin,
while the level in coffee as a beverage depends on the
roasting degree and method of beverage preparation.
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Phenolic components are partially decomposed during
the roasting process and depend on the roasting condi-
tions (Farah and Donangelo, 2006).

The antioxidant activity of coffee of different types
and origin was the subject of many previous studies.
However, to the best of our knowledge, no data exists
on the antioxidant activity of coffee of different qual-
ity classes, nor on flavonol content in coffee. The aim
of this research was to investigate the effect of differ-
ent roasting degrees on biologically active compound
content and antioxidant activity in different quality
classes of Arabica coffee. For that purpose, the total
phenol, total flavonoid and flavonol content, as well
as antioxidant activity were determined in the green
and roasted coffee samples. Researching the possible
correlations between the content of these compounds
and antioxidant activity are also included in the scope
of this study.

MATERIALS AND METHODS

Coffee samples and roasting conditions

Green coffee samples, Arabica (Rio Minas from Brazil,
year of harvest 2014) of two quality classes from two
production batches were used for the research. A local
coffee manufacturer supplied us with green coffee, as
is usually used and available on the local market. The
coffee samples were distinguished by quality class
(Table 1). The roasting process was performed in in-
dustrial conditions, in a roaster which has a capacity
of 150 kg/batch. Roasting was performed at three dif-
ferent temperatures (three roasting degrees) according
to industrial conditions of production and manufactur-
ing specifications. Table 2 presents a breakdown of
roasting.

Coffee extracts preparation

The coffee extracts were prepared according to the
procedure described by Perez-Hernandez et al. (2012)
with some modifications. Samples of green and roast-
ed ground coffee were extracted with hot deionised
water (90°C) at a coffee/solvent ratio 0.5/100 for 5 min
with constant stirring. After extraction, the extracts
were centrifuged for 5 min at 2000 rpm. Extraction
was repeated three times for each sample, using the
method described previously. The extracts were stored
at a temperature of —20°C until analysis.
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Table 1. Samples of Arabica green coffee and their classification

Green coffee
samples

Green coffee beans classification on “black bean
count basis”

Green coffee beans “sizing
chart classification”

Arabica (G1)”
Rio Minas 2™ class

Arabica (G2)”
Rio Minas 1% class

Arabica (G3)™
Rio Minas 2™ class

Arabica (G4)™
Rio Minas 1% class

N/Y 3/4 —max 19 black beans/300 g of sample

N/Y 2/3 — max 8 black beans/300 g of sample

N/Y 3/4 — max 19 black beans/300 g of sample

N/Y 2/3 — max 8 black beans/300 g of sample

SC. 15/16 — medium size

SC. 17/18 — large size

SC. 15/16 — medium size

SC. 17/18 — large size

“Green coffee samples from the first production batch.
"Green coffee samples from the second production batch.

Table 2. Temperature regime for coffee roasting

Green coffee Roasted coffee

Parameters of roasting process

Roasting degree

samples samples

T,°C T, min
Arabica (G1) Al 167 25 light
Arabica (G2) Bl 167 25 light
Arabica (G1) A2 175 25 dark
Arabica (G2) B2 175 25 dark
Arabica (G3) J1 171 26 medium
Arabica (G4) K1 171 26 medium

Determination of total phenol content

The total phenol content (TPC) of each coffee ex-
tract was determined spectrophotometrically (UV/
Vis spectrophotometer PerkinElmer Lambda 25),
following the Folin-Ciocalteu procedure, according
to Wolfe et al. (2003)’s modified method. 1.5 mL of
Folin-Ciocalteu solution (stock Folin-Ciocalteu solu-
tion dissolved with water in 1/10 ratio) and 1.5 mL
of 7.5% NaHCO, were added to 0.2 ml of diluted ex-
tract. Absorbance was measured after 30 min storing
(in a dark place and at room temperature) at 765 nm,
along with the blank. Chlorogenic and gallic acid
were used as standards and the results were expressed
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as mg chlorogenic acid equivalents (CGA)/g of cof-
fee sample and as mg gallic acid equivalents (GAE)/g
of coffee sample.

Determination of total flavonoid content

The total flavonoid content (TFC) was determined
according to method described by Ordofiez et al.
(2006). 1 ml of 2% AICI, ethanolic solution was
added to 1 ml of diluted extract. The absorbance
was measured after 30 min storing (in a dark place)
at 420 nm, along with the blank. TFC was calculated
and expressed as mg quercentin equivalents (QE)/g
of the coffee sample.
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Determination of flavonol content

The flavonol content (FC) was determined according
to Kumaran and Karunakaran’s method (2007). 1 mL
of 2% AICI, ethanolic solution and 1.5 mL (50 g/L)
sodium acetate solutions were added to 1 mL of the
diluted extract. Absorption at 440 nm was read after
2.5 h storing in a dark place. FC was calculated and
expressed as mg quercetin equivalents (QE)/g of the
coffee sample.

Determination of antioxidant activity

by the DPPH method

The effect of the coffee extract on DPPH radical
(2,2-diphenyl-1-1-picrylhidrazyl) was determined by
the method described by Liyana-Pathirana and Shaidi
(2005). 1 ml of 0.135 mM DPPH methanolic solution
was added to 1 ml of the diluted extract. The mixture
was left in a dark place for 30 min and absorbance was
measured at 515 nm, along with the blank. Trolox was
used as the standard and the results were expressed as
Trolox equivalent umol (TE)/g coffee sample.

Determination of antioxidant activity

by the ABTS method

The Trolox equivalent antioxidant capacity (TEAC) of
coffee extracts was estimated by ABTS radical cation
(2,2-azinobis-(3-ethylbenzothiazoline-6-sulphonic
acid) decolourisation assay (Re et al., 1999). The
ABTS radicals were generated by reacting an ABTS
aqueous solution (7 mM) with K.S O, (2.4 mM) then
storing it in a dark place for 16 h. A working solu-
tion was obtained by diluting the stock solution of the
ABTS radical cation with methanol to obtain an ab-
sorbance of 0.7 £0.005 at 734 nm. 1 ml of the ABTS
solution was added to 1 ml of the diluted extract.
The absorbance was measured after 7 min storage
(in a dark place) at 734 nm, along with the blank. The
results were expressed as Trolox equivalents umol
(TE)/g coffee sample.

Statistical analysis

All measurements were carried out in triplicate, and
presented as mean +standard deviation (SD). All re-
sults were subjected to one-factor analysis of variance
(ANOVA) and when Duncan’s test was performed
to estimate the significance of differences between
mean values at P < 0.05, using Statistica 12.0 software
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(StatSoft, Inc., Tulsa, OK, USA). Correlations be-
tween TPC, TFC, FC and antioxidant activity (DPPH,
ABTS) were assessed by Pearson’s correlation coef-
ficient, and its significance by the t-test for P < 0.05.

RESULTS AND DISCUSSION

Total phenol content — TPC presented as a chlorogen-
ic acid equivalent was higher than TPC presented as
a gallic acid equivalent in green coffee samples and
coffee samples roasted at 167°C, 175°C and 171°C
(Tables 3 and 4). Total phenol content (mg CGA/g and
mg GAE/g) were significantly higher (P < 0.05) in
the green coffee samples compared to TPC in roasted
coffee samples, which means that TPC decreases dur-
ing the roasting process. The results are in accordance
with literature data (del Castillo et al., 2002; Perez-
-Hernandez et al., 2012; Sacchetti et al., 2009; Tranda-
fir et al., 2013). The differences in the TPC between 1%
and 2™ class Arabica coffee samples were not statisti-
cally significant (P > 0.05) for both green coffee and
coffee roasted in a different way. Total flavonoid con-
tent — TFC and FC — flavonol content were detected in
the coffee samples and are shown in Tables 3 and 4.
Total flavonoid content and flavonol content were sig-
nificantly lower (P < 0.05) in green coffee than in cof-
fee roasted differently, which is in accordance with the
literature data (He¢imovi¢ et al., 2011). These results
indicate that TFC and FC increase during the roasting
process. The differences in the TFC between 1 and 2™
class of Arabica coffee samples from the first produc-
tion batch weren’t statistically significant (P > 0.05).
Differences in FC between different classes of Arabica
coffee were found in the green and differently roasted
coffee samples from the first production batch. The FC
in the 1 class Arabica green coffee was significantly
higher (P < 0.05) than the FC in the 2™ class Arabica
green coffee. Although the 2™ class Arabica coffee,
which was roasted at 167°C, had higher FC than 1*
class Arabica coffee, this difference wasn’t statistical-
ly significant (P > 0.05). The 2" class Arabica coffee,
roasted at 175°C, had a significantly higher (P < 0.05)
FC than 1* class Arabica coffee. The 1* class Arabica
green coffee from the second production batch had
significantly higher (P < 0.05) TFC and FC levels than
27 class Arabica green coffee. There is no statistically
significant (P > 0.05) difference in either TFC or FC
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Table 3. Content of total phenol, total flavonoid and flavonol, and antioxidant activity of green coffee samples and coffee

samples roasted at 167°C and 175°C

Mean value tstandard deviation (n = 3)

Parameters
Gl G2 Al Bl A2 B2
TPC, mg CGA/g 49.90® 51.752 46.74% 44.15¢ 35.08¢ 37.834
+3.19 +3.47 +2.41 +1.04 +1.04 +1.27
TPC, mg GAE/g 31.65%® 32.78* 29.81b 28.28° 23.66¢ 24.544
+1.84 +2.07 +1.43 +0.62 +0.89 +0.75
TFC, mg Q/g 3.044 2.98¢ 4,210 4.01¢ 4.63* 4.46%
+0.17 +0.07 +0.07 +0.21 +0.12 +0.18
FC, mg Q/g 1.17¢ 1.33¢ 1.92¢ 1.84¢ 2.36° 2.13°
+0.11 +0.08 +0.01 +0.04 +0.13 +0.07
DPPH, umol TE/g 179.23¢ 197.120 203.38° 212.08° 176.44¢ 201.37°
+1.09 +3.77 +4.51 +4.10 +7.74 +4.63
ABTS, umol TE/g 160.67¢ 172.05¢ 211.032 215.09° 179.28° 204.61°
+4.18 +3.54 +2.40 +4.55 +2.35 +3.84

TPC — total phenol content. TFC — total flavonoid content. FC — flavonol content.
*<Values with different letters in the same row are significantly different at P < 0.05.

Table 4. Content of total phenol, total flavonoid and flavonol, and antioxidant activity of green cof-
fee samples and coffee samples roasted at 171°C

Mean value +standard deviation (n = 3)

Parameters
G3 G4 J1 K1
TPC, mg CGA/g 50.91°+1.18 52.41°42.14 40.90°+0.99 42.72°+0.44
TPC, mg GAE/g 32.28*+£0.70 31.19*+4.62 28.96+0.47 24.94°+0.81
TFC, mg Q/g 3.27°+0.09 3.57°+0.17 4.26*+0.09 4.342+0.03
FC, mg Q/g 1.12°+0.04 1.32°+0.03 2.04*+0.04 2.00*+0.03
DPPH, pmol TE/g 185.10°+3.83 192.14°+4.48 226.14*+4.37 229.4224+2.29

169.19¢+2.94

192.13°£1.78

223.66°+2.60

228.79*+2.38

ABTS, umol TE/g

TPC — total phenol content. TFC — total flavonoid content. FC — flavonol content.
*dValues with different letters in the same row are significantly different at P < 0.05.

between coffees of different quality classes roasted at
171°C.

Coffee samples roasted at 167°C (Al, B1) and
171°C (J1, K1) had significantly higher (P < 0.05)
antioxidant activity determined by DPPH and ABTS
tests compared with the green coffee samples (G1, G2
and G3, G4) (Tables 3 and 4). HeCimovic et al. (2011)
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determined that the antioxidant activity (ABTS) in
light- and medium-roasted Arabica coffee (Minas)
was higher compared to the antioxidant activity of
green Arabica coffee. Coffee roasted at 175°C had
significantly higher (P < 0.05) antioxidant activity
determined only by ABTS compared to green cof-
fee. All samples of 1% class Arabica coffee from the
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first production batch (G2, B1 and B2) had higher
antioxidant activity compared to the 2" class Arabica
samples (G1, Al and A2) (Table 3). The differences
established were statistically significant (P < 0.05)
between all samples except between samples Al and
B1 for the results of the ABTS test (P > 0.05). Based
on the results of the DPPH and ABTS tests of coffee
samples from the second production batch (Table 4), it
was found that 1% class Arabica coffee had the highest
antioxidant activity (G4 and K1), and 2" class Ara-
bica coffee (G3 and J1) and the differences were only
significant (P < 0.05) for the results of the ABTS test.

In this research, Arabica green coffee samples
from two production batches were used (Table 1). The
absolute values for the differences in TPC, TFC and
FC and antioxidant activity were calculated between
the green coffee samples and coffee samples roasted
at different temperatures (167°C, 175°C and 171°C).
The absolute values represent the differences between
the values of the parameters examined for green cof-
fee samples from the first production batch and coffee
samples roasted at 167°C and 175°C; and the differ-
ence between the values of the parameters examined
for green coffee samples from the second production
batch and coffee samples roasted at 171°C.

The results indicated that coffee roasted at 167°C
had a higher TPC (mg CGA/g and mg GAE/g) than
coffee roasted at 171°C and 175°C. The absolute val-
ue D1 (JG1 — Al|) was lower than the absolute values
D2 (|G1 — A2|) and D5 (|G3 — J1|) and absolute value
D3 (G2 — B1|) was lower than the absolute values D4
(G2 — B2|) and D6 (|G4 — K1|) as green coffee had the
highest TPC and it decreases when the temperature of
roasting increases. The results are in accordance with
the literature data (del Castillo et al., 2002; Perez-Her-
nandez et al., 2012; Sacchetti et al., 2009; Trandafir et
al., 2013; Vignoli et al. 2011).

Coffee roasted at 167°C had a higher TFC (mg
Q/g) than coffee roasted at 171°C. Coffee roasted at
175°C had a significantly higher (P < 0.05) TFC (mg
Q/g) than coffee roasted at 167°C and 171°C. The ab-
solute value D1 (|G1 — A1]) was higher than the abso-
lute value D5 (|G3 — J1|), and the absolute value D2
(IG1 — A2|) was higher than the absolute values D1
(IG1 —A1l]) and D5 (JG3 — J1]). The absolute value D3
(/G2 — B1]) was higher than the absolute value D6 (]G4
— K1]). The absolute value D4 (|G2 — B2|) was higher

414

than the absolute values D3 (|G2 — B1J) and D6 (]G4
— K1J). TFC decreases with the temperature increase
during roasting at 171°C, and with a further increases
in roasting temperature (at 175°C), TFC increases.
Hec¢imovi¢ et al. (2011) also found the highest TFC
in dark-roasted Arabica coffee (Minas) and the lowest
TFC was in medium-roasted Arabica coffee. Coffee
roasted at 167°C had a significantly lower (P < 0.05)
FC (mg Q/g) than coffee roasted at 171°C and 175°C.
The absolute value D1 (|G1 — A1|) was lower than the
absolute values D2 (|G1 — A2|) and D5 (|G3 — J1]) and
absolute value D3 (JG2 — B1|) was lower than abso-
lute values D4 (JG2 — B2|) and D6 (JG4 — K1|) because
green coffee had the lowest FC, and flavonol content
increases when the roasting temperature increases.
From a comparison of the results of antioxidant
activity (DPPH and ABTS) for 2" class Arabica cof-
fee, it can be concluded that coffee roasted at 171°C
had significantly higher (P < 0.05) antioxidant activity
than coffee roasted at 167°C and 175°C (Table 5). The
difference in antioxidant activity (ABTS) between the
coffee roasted at 167°C and 171°C was not statisti-
cally significant (P > 0.05). Coffee roasted at 175°C
had the lowest antioxidant activity. Similar results re-
garding the influence of the roasting degree on coffee’s
antioxidant activity were reported by Sacchetti et al.
(2009). Samples of 1% class Arabica coffee roasted at
171°C had significantly higher (P < 0.05) antioxidant
activity (DPPH) than coffee samples roasted at 167°C
and 175°C. Gornas et al. (2016) found that antioxidant
activity (DPPH) decreases during the roasting process
and is higher in medium-roasted coffee samples than
in dark-roasted coffee samples. Antioxidant activity
based on the results of the ABTS test was highest in
1%t class Arabica coffee roasted at 167°C, and lowest in
coffee roasted at 175°C (Table 5). Research by Nicoli
et al. (1997) determined the highest antioxidant activi-
ty in medium dark-roasted Arabica coffee. Del Castillo
et al. (2002) found the maximum antioxidant activity
in medium-roasted coffee, while the dark-roasted cof-
fee had the lowest antioxidant activity, despite an in-
crease in the intensity of colour. Moreover, He¢imovié
et al. (2011) found the highest antioxidant activity in
medium-roasted Arabica coffee (Minas). As phenol
content, the basic carrier of antioxidant activity in cof-
fee, decreases when the roasting temperature increas-
es, it could be expect that coffee roasted at the lowest
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Table 5. Absolute values for changes in total phenol, total flavonoid and flavonol, and antioxidant activity be-
tween green coffee and coffee roasted at 167°C, 175°C and 171°C

Mean value (n = 3)

Parameters
D1 D2 D3 D4 D5 D6
TPC, mg CGA/g 3.16¢ 14.82¢ 7.60" 13.96 10.01% 9.69%
TPC, mg GAE/g 1.84° 7.992 4.50% 8.24¢ 3.32 6.25%
TFC, mg Q/g 1.17% 1.59° 1.03¢ 1.48® 0.99< 0.77¢
FC, mg Q/g 0.75¢ 1.19* 0.51¢ 0.80 0.92° 0.68°
DPPH, umol TE/g 24.15° 2.79¢ 14.96¢ 4254 41.04* 37.28
ABTS, umol TE/g 50.36% 18.61¢ 43.04% 32.56¢ 54.47° 36.66%

D1 =|Gl —Al|. D2 =Gl — A2|. D3 = |G2 — B1|. D4 = G2 — B2|. D5 = |G3 — J1|. D6 = |G4 — K1|. D1-D6 — absolute
values for changes of examined parameters, between green coffee and coffee roasted at 167°C, 175°C and 171°C.
*<Values with different letters in the same row are significantly different at P < 0.05.

temperature (167°C) will have the highest antioxidant
activity level. However, the antioxidant activity of
roasted coffee depends on the phenolic fractions that
decrease during roasting, and also depends on non-
-phenolic fractions, which increase during the roast-
ing process, due to the formation of Maillard reaction
products (Sacchetti et al., 2009). According to Nicoli
et al. (1997), the antioxidant activities of compounds
formed during coffee roasting do not linearly increase
as the temperature or roasting degree increases, which

Table 6. Correlations between content of total phenol, total
flavonoid and flavonol, and antioxidant activity

DPPH, umol TE/g  ABTS, umol TE/g

TPC, mg CGA/g 0.5085 0.6446
P<0.05 P<0.05

TPC, mg GAE/g 0.3779 0.4744
P>0.05" (ns) P<0.05"

TFC, mg Q/g —0.4874 -0.6135
P<0.05 P<0.05

FC, mg Q/g -0.6315 -0.7197
P<0.05 P<0.05

TPC — total phenol content. TFC — total flavonoid content. FC
— flavonol content.

“Pearson linear correlation coefficients.

ns — not significant.
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indicates that different compounds with antioxidant
properties were formed during heat treatment.

Correlations between the content of total phenol,
total flavonoid and flavonol and antioxidant activity
were calculated (Table 6). Significant correlations
(P < 0.05) were evident between TPC [mg CGA/g]
and antioxidant activity (DPPH and ABTS) and be-
tween TPC [mg GAE/g] and antioxidant activity
determined with ABTS. Correlations between TPC
[mg GAE/g] and antioxidant activity determined
with DPPH wasn’t significant (P > 0.05). In corre-
lations between total flavonoid and flavonol content
and antioxidant activity, Pearson linear correlation
coefficients were negative but statistically significant
(P <0.05).

CONCLUSION

The results obtained in this study provide an overview
of the effect of different roasting temperatures on total
phenol content, total flavonoid content and flavonol
content as well as on the antioxidant activity in dif-
ferent quality classes of Arabica coffee. Total phenol
content was highest in green coffee, and it decreases
as the roasting temperature increases. Total flavonoid
content and FC were highest in coffee roasted at 175°C
(dark roasting degree). Total flavonoid content and FC
increases as the roasting temperature increases. The
highest antioxidant activity (DPPH and ABTS) was
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determined in coffee roasted at 171°C (medium roast-
ing degree). An exception was 1% class Arabica coffee
roasted at 167°C (ABTS). These results indicate that
the antioxidant activity of coffee depends on a variety
of bioactive components in coffee beans, whose con-
centration depends on the conditions of coffee roast-
ing. The differences in TPC between 1% and 2™ classes
of Arabica coffee weren’t significant (P > 0.05), while
the differences in TFC were significant (P < 0.05) only
for green coffee from the second production batch, and
the differences in the FC were significant (P < 0.05)
for green coffee and for coffee roasted at 175°C. These
results indicated that antioxidant activity largely de-
pends on the class of coffee, as 1% quality class cof-
fee (maximum 8 black beans/300 g of the sample and
large size of beans) had higher antioxidant activity
compared to the samples of the 2" quality class (max
19 black beans/300 g of the sample and medium size
of beans).

REFERENCES

Cavin, C., Marin-Kuan, M., Langoue, S., Bezencon, C.,
Guignard, G., Verguet, C., ..., Schilter, B. (2008). Induc-
tion of Nrf2-mediated cellular defenses and alteration of
phase i activities as mechanisms of chemoprotective
effects of coffee in the liver. Food Chem. Tox., 46(4),
1239-1248.

del Castillo, M. D., Ames, J. M., Gordon, M. H. (2002).
Effect of roasting on the antioxidant activity of coffee
brews. J. Agric. Food Chem., 50(13), 3698-3703.

Dziki, D., Gawlik-Dziki, U., Pecio, L., Rozyto, R., Swieca,
M., Krzykowski, A., Rudy, S. (2015). Ground green cof-
fee beans as a functional food supplement — Preliminary
study. LWT — Food Sci. Technol., 63(1), 691-699. DOI:
10.1016/5.1wt.2015.03.076

Farah, A., Donangelo, C. M. (2006). Phenolic compounds in
coffee. Braz. J. Plant Physiol., 18(1), 23-36.

Fereez Eduzan, A. M., Noor Aliah, A. M., Bong, H. L.
(2015). Physical and chemical property changes of cof-
fee beans during roasting. Am. J. Chem., 5(3A), 56-60.
DOI: 10.5923/c.chemistry.201501.09

Gornas, P., Dwiecki, K., Siger, A., Tomaszewska-Gras, J.,
Michalak, M., Polewski, K. (2016). Contribution of
phenolic acids isolated from green and roasted boiled-
type coffee brews to total coffee antioxidant capacity.
Eur. Food Res. Technol., 242, 641-653. DOI 10.1007/
s00217-015-2572-1

416

Hecimovié, 1., Bels¢ak-Cvitanovié, A., Horzi¢, D., Komes,
D. (2011). Comparative study of polyphenols and caf-
feine in different coffee varieties affected by the de-
gree of roasting. Food Chem., 129, 991-1000. DOI:
10.1016/j.foodchem.2011.05.059

Illy, A., Viani, R. (2005). Espresso coffee: The science of
quality. San Diego CA: Elsevier Academic Press.

Klensporf-Pawlik, D., Przybylski, R. (2015). Antioxidant
activity of selected wild Canadian prairie fruits. Acta
Sci. Pol. Technol. Aliment., 14(4), 357-366. DOI:
10.17306/J.AFS.2015.4.35

Kumaran, A., Karunakaran, R. J. (2007). In vitro antioxidant
activities of methanol extracts of Phyllanthus species
from India. LWT — Food Sci. Technol., 40, 344-352.

Liyana-Pathiranan, C. M., Shahidi, F. (2005). Antioxidant
activity of commercial soft and hard wheat (7riticum
aestivum L.) as affected by gastric pH conditions. J. Ag-
ric. Food Chem., 53(7), 2433-2440.

Misik, M., Hoelzl, C., Wagner, K. H., Cavin, C., Moser,
B., Kundi, M., ..., Knasmiiller, S. (2010). Impact of pa-
per filtered coffee on oxidative DNA-damage: Results
of a clinical trial. Mutat. Res., 692(1-2), 42—48. DOI:
10.1016/j.mrfmmm.2010.08.003

Nicoli, M. C., Anese, M., Manzocco, L., Lerici, C. R.
(1997). Antioxidant properties of coffee brews in rela-
tion to the roasting degree. Lebensm.-Wiss. u.-Technol.,
30, 292-297.

Noor Aliah, A. M., Fereez Eduzan, A. M., Noor Diana, A.
M. (2015). A review of quality coffee roasting degree
evaluation. J. Appl. Sci. Agric., 10(7), 18-23.

Ordofiez, A. A. L., Gomez, J. D., Vattuone, M. A, Isla, M. 1.
(2006). Antioxidant activities of Sechium edule (Jacq.)
Swartz extracts. Food Chem., 97(3), 452-458. DOI:
10.1016/j.foodchem.2005.05.024

Parras, P., Martinez-Tome, M., Jimenez, A. M., Murcia,
M. A. (2007). Antioxidant capacity of coffees of sev-
eral origins brewed following three different proce-
dures. Food Chem., 102(3), 582-592. DOI: 10.1016/j.
foodchem.2006.05.037

Perez-Hernandez, L. M., Chavez-Quiroz, K., Medina-
-Juarez, L. A., Meza, N. G. (2012). Phenolic charac-
terization, melanoidins, and antioxidant activiti of some
commercial coffees from Coffea arabica and Coffea ca-
nephora. J. Mex. Chem. Soc., 54(4), 430—435.

Re, R., Pellegrini, N., Proteggente, A., Pannala A., Yang,
M., Rice-Evans, C. (1999). Antioxidant activity apply-
ing an improved ABTS radical cation decolorization as-
say. Free Radic. Biol. Med. 26(9-10), 1231-1237.

Sacchetti, G., Di Mattia, C., Pittia, P., Mastrocola, D. (2009).
Effect of roasting degree, equivalent thermal effect and

www.food.actapol.net/



Odzakovi¢, B., DzZini¢, N., Kukri¢, Z., Gruji¢, S.(2016). Effect of roasting degree on the antioxidant activity of different Arabica coffee
quality classes. Acta Sci. Pol. Technol. Aliment., 15(4), 409-417. DOI: 10.17306/).AFS.2016.4.39

coffee type on the radical scavenging activity of cof-
fee brews and their phenolic fraction. J. Food Eng., 90,
74-80.

Sikora, E., Cieslik, E., Filipiak-Florkiewicz, A., Leszczynska,
T. (2012). Effect of hydrothermal processing of phenolic
acids flavonols contents in selected brassica vegetables.
Acta Sci. Pol. Technol. Aliment., 11(1), 45-51.

Sikora, E., Cieslik, E., Topolska, K. (2008). The sources of
natural antioxidants. Acta Sci. Pol. Technol. Aliment.,
7(1), 5-17.

StatSoft. STATISTICA (data analysis software system), ver-
sion 8.0. Available at: http: // www. Statsofr.com/2008.

Svilaas, A., Sakhi, A. K., Andersen, L. F., Svilaas, T., Strom,
E. C,, ..., Blomhoff, R. (2004). Intakes of antioxidants in
coffee, wine, and vegetables are correlated with plasma
carotenoids in humans. J. Nutr., 134(3), 562-567.

Trandafir, 1., Nour, V., Tonica, M. E. (2013). Antioxidant
capacity, phenolic acids and caffeine contents of some

www.food.actapol.net/

commercial coffees available on the Romanian market.
Arch. Latinoam. Nutr., 63(1), 87-94.

Vignoli, J. A., Bassoli, D. G., Benassi, M. T. (2011). Anti-
oxidant activity, polyphenols, caffeine and melanoidins
in soluble coffee: The influence of processing conditions
and raw material. Food Chem., 124(3), 863-868. DOI:
10.1016/j.foodchem.2010.07.008

Votavova, L., Voldrich, M., Sevcik, R., Cizkova, H., Mlej-
necka, J., Stolar, M., Fleisman, T. (2009). Changes of
antioxidant capacity of robusta coffee during roasting.
Czech J. Food Sci., 27, Special Issue.

Wolfe, K., Wu, X., Liu, R. H. (2003). Antioxidant activity
of apple peels. J. Agric. Food Chem., 51(3), 609-614.

Yashin, A., Yashin, Y., Wang, J. Y., Nemzer, B. (2013). Anti-
oxidant and antiradical activity of coffee. Antioxidants,
2(4), 230-245. DOLI: 10. 3390/antiox2040230

417



