European Food Research and Technology (2020) 246:33-39
https://doi.org/10.1007/500217-019-03388-9

ORIGINAL PAPER q

Check for
updates

The content of polyphenols in coffee beans as roasting, origin
and storage effect

Katarzyna Krél'© . Magdalena Gantner’ - Aleksandra Tatarak' - Ewelina Hallmann'

Received: 18 July 2019 / Revised: 10 October 2019 / Accepted: 12 October 2019 / Published online: 6 November 2019
© The Author(s) 2019

Abstract

Coffee, one of the most popular beverages in the world, contains many bioactive compounds. The aim of this study was a
comparative evaluation of the content of bioactive compounds in organic and conventional coffee (Coffea arabica) originating
from Brazil during 12 months storage. The content of the polyphenolic compounds was determined using HPLC analysis.
The obtained results indicate that organic or conventional production and roasting conditions (light, medium, dark roast)
affect the polyphenolic compounds of coffee. The highest content of total polyphenolic compounds was determined in cof-
fees roasted in light and medium roasting conditions. Furthermore, organic coffee beans showed higher content of bioactive
compounds (total phenolic, phenolic acids and flavonoids) than conventional coffee beans. During 12 months storage a
decrease in polyphenolic compounds is observed and it is connected with the degradation of chlorogenic acid, which influ-
ences total bioactivity. Moreover, the highest caffeine content was observed in light and medium roasted coffee and after

storage an increase in caffeine content was observed only in organic coffee beans.
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Introduction

The most widely cultivated species are Coffea arabica
(Arabica) and Coffea canephora (Robusta). Despite the
poorer sensory quality of Robusta, it has the advantage of
allowing the extraction of large amounts of soluble solids,
which enables its use in blends and the soluble coffee indus-
try [1]. The coffee beverage is a rich source of bioactive
compounds especially polyphenols, such as phenolic acids,
mostly chlorogenic (in green beans) and caffeic (occur-
ring after roasting). Other phenolic acids in coffee beans
are: ferulic and p-coumaric. These compounds contribute
to the total polyphenol intake in diet and are beneficial to
consumer health [2, 3]. Coffee is the main source of chloro-
genic acid in human diet and has been cited as an efficient
in vitro and ex vivo antioxidant [4]. The consumption of
coffee can reduce cancers such as colon [5] and oral cancer
[6], diabetes, liver disease, inhibits the oxidation of LDL
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cholesterol, protects against Parkinson’s disease and even
reduces mortality risk [7, 8]. The profile and content of bio-
active compounds depend mainly on roasting parameters,
which range from 160 to 240 °C and from 8 to 24 min. The
colour of beans is a main parameter to describe a degree of
roasting and is classified as light, medium and dark roasted
coffee [8]. During the roasting process, a decrease in poly-
phenolic compounds is observed and it is connected with
the degradation of chlorogenic, malic and citric acid, which
influences the total antioxidant activity. However, the for-
mation of melanoidins and quinic acid during thermal pro-
cess can maintain or even enhance the antioxidant capacity
[9-12]. The lighter roasted coffee had the highest antioxidant
activity compared to dark roasted coffee and also unroasted
coffee [13]. The origin, harvesting, processing, and prepara-
tion of the beverage influence the total antioxidant activity
[14]. Recently, organic food has gained higher popularity
due to a demand for healthy foods and production methods.

The strict rules of organic coffee production without
mineral fertilizers and pesticides give a higher food safety
and quality [15]. On the other hand, plants produced under
organic conditions synthetize more phenolic compounds as
an effect of “self-protection” [16]. Polyphenols compounds
are well known as natural pesticides for plants [17]. For
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human health polyphenols are strong antioxidants and pro-
tect against many non-infection diseases [18]. The effect of
coffee brewing, grinding, origin, and roasting process on
bioactive compounds has been widely studied [19-21] but
there is a lack of studies concerning organic coffee produc-
tion and its influence on the bioactive compounds in cof-
fee. Therefore, this study aimed to determine the content
of bioactive compounds of Coffee arabica originating from
Brazilian region from organic and conventional production
under varied roasting conditions (light, medium, and dark
roasted beans).

Material and method

Material preparation, roasting parameters, storage
condition

Green coffee beans were imported from Brazil, organic plan-
tation was located near Coronel Fabriciano, Minas Gerias
region (19°51'S 42°62'E). Conventional farm was located
very near to organic (19° 55’ S 42° 68’ E). The amount of
sample was 2 kg per combination. In Poland green coffee
samples were subjected to roasting under the following con-
ditions: light level: 190 °C, roasting time: 25 min; medium
level: 220 °C, roasting time: 25 min; dark level: 250 °C,
roasting time: 25 min. The coffee roasting equipment was:
rotary oven barrel with 8 kg of coffee beans beaching (Spo-
Masz, Poland). After the roasting process, the coffee beans
were vacuum-packed and brought to the laboratory for
chemical analyses. One sample was divided into two groups:
for “fresh analysis” just after roasting process and for “stor-
age”. Storage conditions: coffee samples in vacuum bags
were stored in the following conditions: temperature 5 °C,
time 12 months.

Dry matter

Dry matter content was measured using the scale method
(PN-EN 12145:2001) [22]. Summary: the mass of an
empty glass beaker was measured on the laboratory scale.
In the next step, 2 g of milled coffee beans was placed into
a beaker, and the mass was weighted again. After 24 h of
drying at a temperature 105 °C, the samples were cooled
(21 °C) and weighed for the third time. Based on mass differ-
ence, the content of the total dry matter in examined samples
was calculated. The results are expressed as g per 100 g~'of
product.

Polyphenols and caffeine

Polyphenols were measured using the high-performance lig-
uid chromatography (HPLC) method [23]. Before analysis,
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samples were ground in a coffee mill (Bosh, Germany,
MKM6003), to obtain a mean particle size of 495 pm. One
gram of milled coffee beans was extracted in 100 ml of hot
(boiled) deionized water. After 6 min, coffee extracts were
filtrated using a paper filter to a 250 ml breaker. 1 ml of
filtered coffee was transferred to HPLC-vials and used for
examination. For analysis purposes, HPLC-set-ups were
used: two LC-20AD pumps, a CMB-20A system control-
ler, a SIL-20AC autosampler, an ultraviolet—visible SPD-
20AV detector, a CTD-20AC oven, and a Phenomenex
Fusion-RP 80A column (250 x 4.60 mm), all from Shimadzu
(Shimadzu, Tokyo, Japan). The gradient mobile phase con-
tained 10% (phase A) and 55% (phase B) of acetonitrile and
deionized water. After the mixing of acetonitrile and water
in appropriate proportions, orthophosphoric (85%) acid was
added and the pH of the solution was measured simultane-
ously. After obtaining a stable value (3.0), the phases were
ready to flow: 1 ml min~!, time program: 1.00-22.99 min-
phase A 95% and 5% phase B, 23.00-27.99 min-phase A
50% and 50% phase B, 28.00-28.99-min phase A 80% and
20% phase B, 29.00-38.00-min phase A 95% and 5% phase
B. The wavelengths used for detection were 250 nm for
flavonoids and caffeine (quercetin-3-O-rutinoside, kaemp-
ferol-3-0O-glucoside, myricetin, quercetin, quercetin-3-0O-
glucoside, apigenin, kaempferol) and 370 nm for phenolic
acids (gallic, chlorogenic, caffeic, p-coumaric, ferulic). The
phenolic compounds (quercetin-3-O-rutinoside, kaemp-
ferol-3-0-glucoside, myricetin, quercetin, quercetin-3-0-
glucoside, apigenin, kaempferol, gallic, chlorogenic, caf-
feic, p-coumaric, ferulic) were identified based on Fluka and
Sigma Aldrich (Poland) external standards with a purity of
99.5%.

Statistical analysis

The obtained results were statistically elaborated with
Statgraphics® Centurion 15.2.11.0 software (StatPoint Tech-
nologies, Inc., Warranton, VA, USA). Two-way ANOVA
analysis was used. The factors within the experiment were
the method of production (organic or conventional) and the
level of bean roasting (light, medium, dark). The number
of samples per system of production was n=18, and the
number of samples per bean roasting was n =6, separately
before and after storage. The lack of statistical differences
(p>0.05) is described in tables as not significant (NS). Dif-
ferent letters within a row indicate statistical differences on
the level (p < 0.05).To obtain a clearer picture of the interre-
lations between the identified biologically active compounds
and the level of bean roasting stage, an analysis of the main
component (PCA) was used. A principal component analysis
(PCA) is a handy statistical tool that applies an orthogonal
transformation to convert a set of data of possibly corre-
lated variables into a set of values of linearly uncorrelated
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variables called principal components. The PCA figures
were made using Statistica 10.0 (Statsoft, Tulsa, USA). The
PCA was conducted on the basis of the correlation matrix,
not the covariance matrix, which corresponds to the analysis
of standardized data.

Results and discussion
Dry weight

The main bioactive compounds and dry matter of fresh
and stored coffee beans (C. arabica) are shown in Tables 1
and 2. The initial dry weight during storage was 97.56 and
97.94 g 100 g~! for fresh organic and conventional beans and
after storage it was 96.44 and 96.78 g 100 g™, respectively.
Furthermore, the roasting degrees have a significant effect
on the dry weight of beans, mainly the highest content has
dark roasted coffee (98.74 g 100 g~') while the smallest in
light roasted (96.24 g 100 g~"). These results are in close
agreement with obtained results for Brazil beans reported
by Dybkowska et al. [24].

Caffeine

The results of descriptive statistics showed that coffee
beans from organic and conventional farming are different
by caffeine content. Conventional coffee contained signifi-
cantly more caffeine compared to organic one (Table 1). In

conventional growing system, nitrogen fertilizer is widely
used. Caffeine is purine alkaloid and nitrogen fertilization
can increase the level of that alkaloid in coffee beans [25].
Not only dose but as well kind of nitrogen fertilizer could
increase the level of caffeine. The easily soluble nitrogen
used in conventional growing system gives an effect of caf-
feine increasing compare to organic one. Information about
caffeine content and changes during storage in organic cof-
fee beans is highly limited in literature; however, the higher
content of caffeine in organic coffee is connected with fer-
tilization methods, mainly organic coffee, in organic farm-
ing systems, the use of pesticides and synthetic fertilizers
is completely forbidden. For pest management, caffeine
(alkaloid) is a “natural pesticide” plants produce in this
case, which helps to protect them against insects [26]. Fur-
thermore, this is not surprising as coffee bean caffeine and
other polyphenols content may not only be influenced by
geographical location and soil physico-chemical properties,
but also by bean variety, environmental factors (climate) [27]
and agricultural practices (organic vs. conventional farming)
[28]. During storage, the significant increase of caffeine in
organic coffee was observed, to 8.55 mg g~! and non-sig-
nificant increase to 5.41 mg g~! in conventional one. The
amount of caffeine in organic stored coffee was much higher
than in conventional coffee beans. The quantity of caffeine
was significantly affected by the roasting degree and light
roasted coffee (6.42 mg g ') presented higher caffeine levels
than medium (5.77 mg g~!) and dark roasted (2.63 mg g1
beans. The same trend was observed for coffee beans stored

Table 1 Chemical properties of coffee from organic and conventional production (average value + standard deviation) for freshly roasted and

stored coffee beans

Chemical parameters Organic coffee Conventional coffee p value

Freshly roasted  Stored Freshly roasted  Stored Freshly roasted ~ Stored
Dry matter (g 100 g™") 97.56 +1.47%%  96.44+1.14° 97.94+1.44° 96.78+1.12*  N.S. N.S.
Caffeine (mg g™ 4.61+1.69° 8.55+3.45° 5.26+1.97 541+2.32*  0.0077 <0.0001
Total polyphenols (mg g~') 8.95+0.77* 1.41+0.17 8.28+1.16° 1.49+0.47*  0.0023 N.S.
Total phenolic acids (mg g~") 7.60+0.92% 0.78+0.07% 7.34+1.24% 0.52+0.20° N.S. <0.0001
Gallic (mg g71) 1.45+1.00* 0.59+0.085% 1.17+£0.57° 0.38+0.19°  0.0012 0.0001
Chlorogenic (mg g1 5.94+145% 0.02+0.01* 6.00+1.83% 0.02+0.01* N.S. N.S.
Caffeic (mg g~') 0.058 +£0.07* 0.15+0.03 0.050+0.07° 0.11+£0.05°  0.0065 <0.0001
Salicylic (mg g™") 0.158+0.57* 0.03+0.01* 0.121+£0.16* 0.003+0.001°  0.0013 <0.0001
Total flavonoids (mg g~') 1.35+0.05* 0.63+0.12° 0.94+0.06° 0.97+0.41*  <0.0001 <0.0001
Epigallocatechin gallate (mg g™") 0.59+0.38* 0.45+0.012% 0.28+0.19° 0.57+0.18* <0.0001 0.0001
Quercetin-3-O-rutinoside (mg g~ 0.103+£0.06° 0.02+0.02? 0.156 +0.06° 0.02+0.01*  0.0001 N.S.
Quercetin-3-0-glucoside (mg g™}) 0.062+0.01* 0.003+0.001°  0.028+0.01° 0.04+0.001*  <0.0001 <0.0001
Kaempferol-3-O-glucoside (mg g~') 0.34+0.07% 0.13+0.29° 0.35+0.15% 0.29+0.29* N.S. <0.0001
Quercetin (mg g~") 0.11+0.06 0.03+0.02° 0.07 £0.03° 0.02+0.02*  0.0062 0.0135
Kaempferol (mg g71) 0.14+0.02* 0.002 +0.001° 0.06+0.04° 0.03+0.04*  <0.0001 <0.0001

N.S. not significant statistically

*Values followed by different small letters in the same row are significantly different (p <0.05)
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Table 2 Chemical properties of coffee beans depending on roasting level and storage time (average value + standard deviation)

Chemical param- Light Medium

Dark p value

eters Freshly roasted Stored Freshly roasted Stored Freshly roasted Stored Freshly roasted Stored

Dry matter (g 96.24+0.87%* 96.97+0.83* 98.28+1.04* 95.89+0.67* 98.74+0.91°  96.98+0.92* 0.0005 N.S.
100 g7

Caffeine (mg g™) 6.42+0.22°  875+0.35 577+1.13°  7.93+0.13° 2.63+0.11°  426+1.03° <0.0001 <0.0001

Total polyphenols 9.45+0.51° 1.58+0.03*°  7.95+0.18° 1.60+0.10*  8.44+1.35° 1.17+0.33° <0.0001 <0.0001
(mgg™)

Total phenolics 8.74+0.46"  0.59+0.01° 6.65+025  0.79+0.09° 7.03+0.81°  0.57+0.24> <0.0001 0.0006
acids (mg g™")

Gallic (mg g7 0.66+0.05°  0.40+0.00° 0.94+0.10° 0.63+0.00° 2.33+0.50% 0.42+0.18° <0.0001 0.0003

Chlorogenic 8.00+£0.46*  0.02+0.00° 5.56+046°  0.02+0.00° 4.35+0.37° 0.03+0.00° <0.0001 0.0004
(mgg™)

Caffeic (mg g™ 0.007+0.00°  0.16+0.00° 0.009+0.00°  0.12+0.02° 0.146+0.01*°  0.11+0.07° N.S. <0.0001

Salicylic (mg g™))  0.073+0.03°  0.02+0.00° 0.140+0.03°  0.02+0.07* 0.204+0.02*  0.01+0.00° <0.0001 <0.0001

Total flavonoids 0.71+0.09°  1.00+0.03* 1.31+0.09°  0.81+0.05° 1.41+0.56*  0.61+0.10° <0.0001 <0.0001
(mgg™)

Epigallocatechin 0.08+0.00°  0.52+0.03®® 0.64+0.18  0.60+0.00* 0.57+0.35*  0.42+0.11° <0.0001 <0.0001
gallate (mg g‘l)

Quercetin-3-O-ruti-  0.053+0.03°  0.02+0.00° 0.155+0.06°  0.02+0.00° 0.180+0.02®  0.03+0.01* <0.0001 <0.0001
noside (mg g7

Quercetin-3-O-glu-  0.041+0.02°  0.02+0.00° 0.049+0.00°  0.02+0.02* 0.046+0.04*  0.02+0.01* 0.0249 N.S.
coside (mg g7!)

Kaempferol-3-0- 0.47+0.09°  043+0.01* 031+0.09°  0.14x£0.02° 026+0.03°  0.06+0.04" <0.0001 <0.0001
glucoside (mg g_l)

Quercetin (mg g7 1) 0.04+0.00°  0.01+0.00° 0.11+0.00 0.03+0.02*  0.13+0.05" 0.03+0.01* <0.0001 <0.0001

Kaempfelrol 0.03+0.01°  0.002+0.00° 0.04+0.00°  0.01+0.001* 0.22+0.13*  0.04+0.004* <0.0001 <0.0001
(mgg™)

N.S. not significant statistically

*Values followed by different small letters in the same row are significantly different (p <0.05)

for 12 months. The results obtained by Tfouni et al. [20],
Jeon et al. [29], Clarke et al. [30] showed that caffeine con-
tent is not affected by roasting degree. However, our results
are in close agreement with the ones obtained by Hecimovic
et al. [21] and Wanyika et al. [31], where dark roasted coffee
has less caffeine than lighter roasts. Similar results of the
increase in caffeine content during storage were obtained
for tea samples. The explanation of these results could be
the degradation of complex theaflavins and caffeine in the
storage, which resulted in the dissociation and detection of
caffeine [32].

Total polyphenols

According to the data shown in Tables 1 and 2 the culti-
vation method, roasting degree, and storage have a sig-
nificant effect on the total polyphenols content in coffee
beans. Organic coffee beans showed a higher content of
total phenolic content (8.95 mg g~!) than conventional one
(8.28 mg g™ !). After 12 months of storage, the significant
decrease in polyphenols was observed, 83.4% for organic
coffee, and 82.9% for conventional one. Furthermore, no
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significant differences between conventional (1.49 mg g~!)
and organic (1.41 mg g~!) beans were recorded. The
content of polyphenols was significantly affected by the
intensity of the roasting process and the highest content
was observed for fresh light-roasted beans 8.74 mg g™,
while the lowest for medium roasted 7.95 mg g~'. In
stored beans, the results showed that the highest content
was for light roasted, and the lowest in dark roasted, 1.58
and 1.17 mg g~!, respectively. The presented results con-
firmed that the content of polyphenols may be related to
the cultivation method as well as to the origin of the coffee
[12]. Our results are consistent with previous reports [12,
21, 24], wherewith increasing the degrees of roasting, the
polyphenols content became considerably reduced. Kat-
sube et al. [33] mentioned that polyphenolic compounds
are highly thermolabile compounds that easily decompose
under the effect of high temperature (above 80 °C). This
reduction is a result of the thermal instability during roast-
ing of polyphenolic compounds and their degradation [1,
12, 21, 34]. However, the polyphenol loss is undesirable
for consumers due to beneficial effects for health.
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Phenolic acids

The total content of phenolic acids for fresh beans was
higher in organic coffee (7.60 mg g~') than in conven-
tional beans (7.34 mg g~'), although this difference was
not significant. After 12 months of storage, the signifi-
cant loss of phenolic acids was observed, and the loss
for organic was 90%, for conventional 93%, respectively.
The level of phenolic acids was the highest in the light-
roasted coffee, while after storage for medium roasted.
The content of gallic acid was significantly higher in
organic coffee (30%). Furthermore, during roasting pro-
cess, the content of gallic acid was higher, which was
connected with the decomposition of chlorogenic acid.
A similar trend was observed for caffeic and salicylic
acids. The chlorogenic acids (CGA), which are known
for their antioxidant capacities, are the main components
of the phenolic fraction of coffee beans. CGA is an ester
formed between caffeic acid and quinic acid and is hydro-
lyzed into various aromatic acid metabolites including
caffeic and salicylic acid [25, 35]. The initial content of
chlorogenic acid was for organic coffee and conventional
5.94 mg g~ and 6.00 mg g~!, respectively. During roast-
ing, the levels of CGA decreased considerably, whereas
the levels of caffeic and salicylic acid increased during
the roasting process (p <0.0001). The highest content was
for the lightly roasted beans 8.00 mg g~' and the smallest
for the dark-roasted beans 4.35 mg g~!. Furthermore, Wei
and Tanokura [36] investigated, that the decomposition of
chlorogenic acids could be used as an index of roasting
degree what is in close agreement with results obtained in
this study. During 12 months of storage, the loss of CGA
was observed and was on the same level (0.02 mg g™').
The decrease in CGA occurred due to enzymatic and non-
enzymatic oxidation. The non-enzymatic oxidation is due
to the participation reaction between enzymes (monophe-
nolase, o-diphenolase, and laccase) and chlorogenic acid
[37]. This is in line with the literature as high temperature
during the roasting process and storage results in the loss
of chlorogenic acid content, and the increase in caffeic,
salicylic and gallic acid [3, 21, 34, 36, 38]. In relation
to geographical origin of coffee beans, it was found that
total CGA contents of Arabica green coffee beans grown
in different parts of Kenya varied considerably [39]. Simi-
lar results obtained by Bertrand et al. [40] also reported
variation in the concentrations of CGA in green beans
grown in different regions of Colombia. The differences
found between organic and conventional coffee are not
only due to the different farming method, but also cof-
fees cultivated in similar regions of the same country are
genetically diverse [41].

Total flavonoids

While caffeine and CGAs represent the main components
found in coffee beans, a variety of flavonoids have also been
identified; however, in lower concentration. The obtained
results showed that organic coffee has a significantly higher
content (p <0.0001) of flavonoids than conventional cof-
fee beans. Furthermore, the flavonoid content of coffee was
significantly (p <0.0001) affected by the roasting degree
and the higher content was observed in dark roasted beans
(1.41 mg g~"). The storage time had no significant effect on
the flavonoid content. However, in organic coffee beans the
53% reduction of total flavonoid was observed, in contrast
to the conventional ones, where the content was on the same
level. These observations are in agreement with the results
previously obtained by Hecimovic [21] and OdZakovic et al.
[42], which confirmed that the highest flavonoid content is
in dark roasted coffee whereas the other varieties were more
beneficial in light and medium roasted coffee. Otherwise,
Hudakova et al. [43] reported highest content of flavonoids
in unroasted coffee Arabica. In a study conducted by Lee
et al. [18] it has been found that the sample roasted at lowest
temperature exhibited highest total flavonoids content. Fur-
thermore, the epigallocatechin gallate was the most abun-
dant flavonoid in organic and conventional beans, showed
the smallest decrease in the content and decrease during
storage was observed only for organic coffee (p <0.0001).
The decrease in flavonoids content during storage was
observed in the case of rutinoside-3-O-quercetin, glycoside-
3-0-kaempferol,glycoside-3-O-quercetin, quercetin, and
kaempferol for every type of coffee bean. The decrease in
flavonoids content suggests that it acted as an antioxidant,
minimizing protein and lipid oxidation. Flavonoids content
has also been investigated by Getachew and Chun [44], Kre-
icbergs et al. [45], where quercetin, catechin and kaempferol
and their derivatives were the most abundant in coffee bean
samples, what is in line with obtained results.

PCA

A principal component analysis (PCA) was performed to
explain the differences between the samples of coffees in
terms of storage time, roasting degree of organic and con-
ventional coffee beans (Fig. 1). The corresponding score
plot showed that the first two components describe 79.51%
of the initial variability. The values of 58.71% data vari-
ance explained by the horizontal axis and 20.80% inter-
cepted by the vertical axis, indicate that it is much more
significant along the abscissa axis than along the ordinate
axis. The variables on the plot showed that it is possible to
group the samples according to storage time, fresh coffee
beans have a positive value along the horizontal axis, while
stored negative. Furthermore, for stored samples no clear
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Fig.1 PCA of relationship between storage time, roasting degree of
organic and conventional coffee beans. C conventional, O organic,
L light roast, M medium roast, D dark roast, F fresh beans, S stored
beans (e.g., ODF—organic, dark roasted fresh beans)

distinct clusters were obtained (among light-, medium-, and
dark-roasted beans). They present the smallest diversity of
variation from tested samples. However, conventional coffee
beans were in the same area, thus, they had a more similar
profile of bioactive compounds, than the organic coffee. In
the case of fresh beans, a very effective separation between
roasting degrees was observed. Light-roasted organic and
conventional beans were positive along vertical and hori-
zontal axes. Medium-roasted organic coffee showed a posi-
tive value along ordinate axis. The biggest variety in the
tested group was noted for fresh dark-roasted beans, results
were positive along ordinate axis and negative values were
obtained along abscissa axis, which was also confirmed by
the analysis of bioactive compounds described previously.

Conclusion

The obtained results indicate that coffee origin (organic or
conventional) affects the polyphenolic compounds of coffee.
The second hypothesis was as well confirmed. The light and
medium roasting are more beneficial for preserving bioac-
tive compounds. The quantity of caffeine was significantly
affected by the roasting level. We observed, that only light
roasted coffee presented the highest caffeine content. In
light- and medium-roasted coffee, the content of chloro-
genic acid was the highest and the smallest of chlorogenic
acid derivatives. Whereas, in dark-roasted coffee flavonoids
were the most abundant compounds. Fresh organic coffee
beans showed a higher content of total phenolic, phenolic
acids as well as flavonoids than conventional coffee beans.
For the conventional beans after 12 of months storage the
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loss of bioactive compounds was observed and the smallest
decrease in concentration was observed for epigallocatechin
gallate. During the storage time, significant increase in caf-
feine in organic coffee was observed.
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