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Abstract

Coffee being the beverage consumed worldwide is also a very
competitive commodity. Consequently, producers seek ways
of attracting consumers by proposing e.g. novel ingredient
combinations usually without evaluating their health quality.
In this study, variations in health-promoting determinants for
five special purpose coffee brews were characterized. The
major bioactive components - chlorogenic acids (CAs) -
detected by HPLC-DAD-MS included caffeoyl-, feruloyl-
and dicaffeoylquinic acids. Roasting declined CAs content
by 50 %, while caffeine content increased by about 30 %
during this process. In roasted coffee brews studied, CAs
content varied from 14.1 to 26.6 mg/g; smaller variations
were seen in antioxidant potential (determined by spectro-
photometric and cyclic voltammetry assays). Profiles gen-
erated by HPLC with post-column on-line antioxidant
detection revealed that caffeoylquinic acids were the most
abundant antioxidants in samples studied. The highest
antioxidative potential exhibited coffee enriched with green
coffee extract confirming the soundness of such an approach
to obtain healthier products.

Highlights

* Special purpose coffees are equivalent to regular ones as
regards antioxidant potential.

* Caffeoylquinic acids are the most abundant antioxidants in
coffee samples studied.

* Roasting process causes some degradation of chlorogenic
acids but not caffeine.

* Special purpose coffees retain health benefits while being
more attractive to consumers.

Keywords Special purpose coffees - Phenol composition -
Antioxidants - Caffeine

Introduction

Coftee infusions prepared from roasted coffee beans belong to
the most widely consumed beverages in the world. This
consumption is so high not only because of their pleasant
flavour and aroma, but also stimulatory properties associated
with caffeine content. Over the centuries, both anecdotical and
scientific opinions about impact of coffee on human health
were undergoing significant fluctuations, from totally nega-
tive to extremely positive. Very recent studies have revealed
the previously unknown molecular mechanisms by which
coffee consumption may influence the functions of human
organism.

Among bioactive compounds present in coffee infusions,
the best known is caffeine belonging to the most important
psychoactive alkaloids. This compound enhances psychomo-
tor performance, improves memory and cognitive function
(Corley et al., 2010; Desbrow et al., 2012). In recent human
studies, high blood caffeine levels (above 1.2 mg/L) entirely
prevented the progression from mild cognitive impairment to
dementia over 2—4 years period of patients’ monitoring (Cao
et al., 2012). In addition, caffeine prevents non-alcoholic fatty
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liver disease (NAFLD), the hepatic manifestation of metabolic
syndrome, which is the most common cause of primary liver
disease (Birerdinc et al., 2012). It follows that currently caf-
feine is no longer seen only as a stimulant. Moreover, it is also
becoming recognized that caffeine may have anticarcinogenic
potential, e.g. in a large prospective study involving health
professionals, the association between caffeine consumption
and decreased skin cancer risk was found (Song et al., 2012).

The demonstrated beneficial effects of coffee consumption
on health promotion and/or disease prevention such as im-
provement of gonad and liver function, combating metabolic
(diabetes, liver cirrhosis, gallstones) and neurological disor-
ders (Alzheimer’s and Parkinson’s diseases, infant hyperac-
tivity), or psychoactive responses (alertness and mood
change) (Dorea and da Costa, 2005; Higdon and Frei, 2006)
justify some researchers’ proposition to place coffee among
important functional foods. Even the issued in 2008 American
Heart Association suggestion that coffee drinking may in-
crease heart failure risk was contradicted by the results of
subsequent epidemiological studies that found the inverse
statistically significant association between this beverage con-
sumption and heart failure risk, especially in the case of 4
servings per day (Mostofsky et al., 2012). Though it is too
early to make firm conclusions, there are appearing reports
describing so convincingly anticarcinogenic properties of cof-
fee, that American Institute for Cancer Research (AICR) have
recently decided to include this beverage into the list of
“Foods that Fight Cancer”. It is important to note however,
that none of these recommendations are directed to pregnant
women, as maternal coffee consumption may not only retard
fetus development, but it seems to increase the risk of child-
hood acute leukaemia according to the latest meta-analysis
(Cheng et al., 2014).

At least some of the above mentioned chemopreventive
properties of coffee result from the fact that it stands out as a
dietary source of antioxidants and free radical scavengers, in
particular such its components as chlorogenic, caffeic and
ferulic acids. It has been estimated that coffee drinks constitute
65 % of the daily intake of antioxidants in the human diet,
leaving behind fruits, tea, wine and vegetables (Svilaas et al.,
2004). Though roasting of coffee (light, medium, dark) causes
decomposition of chlorogenic acids, it stimulates generation
of Maillard reaction products including melanoidins or other
low and high molecular mass compounds possessing antiox-
idant activity (Vignoli et al., 2014).

Though researchers concentrate on chemopreventive prop-
erties of coffee bioactive components, for producers most
important is the fact that coffee is a very competitive com-
modity. To grasp consumers’ attention, the producers seek
various ways of making their products more attractive, e.g.
by proposing novel combinations of ingredients. However, it
is not recognized how these marketing activities influence
health-promoting properties of coffee brews. In this study,

we compared content and composition of bioactive phyto-
chemicals in five special purpose roasted coffee brands: low-
irritating with diminished content of 5-hydroxytryptamides
(green and roasted), supplemented with green coffee extract,
organically grown, aromatized and with thin layer of dry
mucilage (green and roasted). Phenolic acids and caffeine
regarded as major determinants of bioactive properties, were
identified and quantified by reverse phase HPLC with photo-
diode array and MS detection. The total antioxidant activity
was determined by spectrophotometric (ABTS, DPPH, FC)
and cyclic voltammetry assays. The profiles of antioxidants
were generated using an HPLC system with post-column on-
line antioxidant detection based on ABTS and Folin-Ciocalteu
reagent (FCR) derivatization. The influence of roasting pro-
cess on these parameters defining healthiness of coffee brews
was also evaluated.

Materials and methods
Chemicals

Caffeine was purchased from Fluka, 5-O-caffeoylquinic acid
(5-CQA), Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid), ABTS (2,2’azinobis-3-ethyl benzothiazoline-
6-sulphonic acid) and DPPH (2,2-diphenyl-1-picrylhydrazyl)
from Sigma-Aldrich (Germany), Folin-Ciocalteau’s reagent,
HPLC grade methanol and formic acid from Merck
(Germany). High purity water was produced in-house using a
Milli-Q System (18.2 MQ/cm). All other reagents were of
analytical grade.

Coffee samples

Astra® low-irritant 100 % arabica, green (G1) and roasted with
decreased level of carboxylic acids 5-hydroxytryptamides (R1)
coffees derived from the same batch were obtained from the
producer. Coffees Super® 100 % arabica, green (G2) and light
roasted with thin layer of dry mucilage (R2) originating from
the same batch were obtained from small local coffee roaster in
Sopot, Poland. Aromatised, ethnic, delicately roasted 100 %
arabica Sati® Splendid Moment from Costa Rica and
Guatemala (R3), Sati® Response enriched with 0.7 % extract
of green coffee containing 30 % more antioxidants compared to
regular coffee as declared on the label (R4) and dark roasted,
organically grown Sati-Bio® 100 % arabica (R5) were pur-
chased in a local shop.

Preparation of coffee
Each sample of coffee beans was ground to powder. The

samples of green and roasted coffees were brewed with boil-
ing water in a ratio of 7 g of coffee and 100 mL of boiling
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water. After 8 min of brewing, coffee aqueous extracts were
cooled and filtered through Chromafil Xtra MV-45/25 filters
(Millipore). To prepare methanolic extracts, 1 g of green or
roasted coffee was mixed with 5 mL of methanol and soni-
cated for 10 min. The extraction was repeated 3 times and the
extract portions pooled together and filtered through paper
filters. Both aqueous and methanolic filtrates were stored
frozen at —20 °C until used for analyses.

Spectrophotometric determination of total antioxidant activity

Antioxidant activity of green and roasted coffee extracts was
estimated using ABTS, DPPH and FCR tests as described
previously (Kusznierewicz et al., 2012). Briefly, ABTS radical
cation was produced in a solution containing 7 mmol/LL ABTS
in 2.45 mmol/L potassium persulphate. After 12—16 h in the
dark at room temperature, the solution of ABTS radical cation
formed was diluted with methanol to display the absorbance
of 0.7+0.02 at A =734 nm. The DPPH solution freshly pre-
pared in methanol was diluted until the absorbance reached
1.0£0.02 at A =515 nm. Commercial Folin-Ciocalteau’s re-
agent (FCR) solution was diluted with water (1:9 v/v). The
determinations of antioxidant activity of coffee extracts were
carried out in 48-well plates at room temperature. In each case,
a Trolox solution was used to generate the calibration curve
(concentration range 0—1 mg/mL). ABTS, DPPH or FCR
solutions were aliquoted to plates in the amount of 1 mL per
well. Then, the coffee extracts were added as follows: 10 uL,
30 uL or 100 pL in the case of ABTS, DPPH or FCR test,
respectively. The absorbance of reaction mixtures was mea-
sured with UV—-VIS Tecan Infinite M200 spectrophotometer
(Tecan Group Ltd, Switzerland). If necessary, coffee extracts
were diluted so as absorbance of reaction mixtures stayed
within the linear range of calibration curve.

Cyclic voltammetric determination of total antioxidant
activity

A potentiostat/galvanostat G 750 (Gamry Ins., USA) was used
for cyclic voltammetry (CV) measurements carried out ac-
cording to Cosio et al., (2006). The conventional three-
electrode system consisting of a 3 mm diameter glassy
carbon-working electrode (BAS MF-2012), an Ag/AgCl elec-
trode as a reference one, and a platinum electrode as a counter
electrode, was used. In order to avoid the decline of sensitivity,
the working electrode was carefully polished with 0.05 um
alumina paste (Polishing alumina, BAS) and ultrasonically
rinsed in deionized water at the end of each cycle. After
washing with methanol, the electrode was ready for further
tests.

The coffee extracts (100 uL) were transferred to
voltammetric apparatus cell and mixed with 0.2 mol/L sodium
acetate-acetic buffer (pH 4.5) as supporting electrolyte

(100 pL). The cyclic voltammograms were recorded at room
temperature by scanning the potential from —100 to +
1200 mV at a scanning rate of 100 mV/s. The total charge
below anodic wave curve of the voltammogram was calculat-
ed within 100 — 1200 mV based on the correlation between the
total charge below the anodic wave of cyclic voltammograms
represented by the area under the curve (AUC) and the anti-
oxidant capacity of the sample. The 80 % methanol or water
solutions of Trolox within the concentration range of 0.10 —
2.5 mmol/L served as reference. The total charge under anodic
wave of the background signal (solvent+supporting electro-
lyte) was subtracted from the total charge under anodic wave
obtained for each standard or coffee extract.

Chromatographic determination of bioactive compounds

Chlorogenic acids and caffeine were analysed by Agilent
Technologies 1200 Series HPLC-DAD-MS system (Agilent
Technologies, USA) equipped with Zorbax XDB C18 (150%
4.60 mm, 5 um) column. The mobile phase was combined of
5 % (v/v) formic acid in water (solvent A) and methanol
(solvent B). During analysis the gradient of solvent B linearly
increased from 10 to 65 % over 50 min. The flow rate of
mobile phase was set at 0.7 mL/min, and the injection volume
of all samples at 2 pL. Absorbance spectra were recorded
between 190 and 700 nm while the chromatograms were
monitored at 325 and 280 nm for chlorogenic acids and
caffeine, respectively. MS analyses were performed using a
spectrometer (quadrupole analyser, ESI, Agilent) for the
following parameters: capillary voltage, 3000 V;
fragmentor, 120 V; drying gas temperature, 350 °C; gas
flow (N,), 12 L/min; nebulizer pressure, 35 psig. The
instrument was operated in a negative ion mode, scanning
from m/z 100 to 800. Individual compounds were identi-
fied by comparing their retention times with those of
standards or on the basis of available literature data and
mass spectra (Clifford, Johnston, Knight, & Kuhnert,
2003; Fujioka & Shibamoto, 2008). For quantitative deter-
mination of analytes, the calibration curves were generated
by the integration of the areas of absorption peaks deter-
mined during chromatographic analysis of serial dilutions
of caffeine or 5-CQA.

On-line profiling of antioxidants

For on-line profiling of antioxidants, the HPLC-DAD system
(Agilent Technologies, USA) was connected with Pinnacle
PCX Derivatisation Instrument (Pickering Laboratories, Inc.,
USA) and UV-vis detector (MWD Agilent Technologies,
USA). The conditions of chromatographic separation of bio-
active compounds present in coffee extracts were identical
with those described above. The post-column derivatisation
procedure was done according to Kusznierewicz et al., (2011).
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In all experiments, the 0.5 mL (PTFE, 0.25 mm, 10 m) reac-
tion coil heated to 130 °C was used. The derivatisation re-
agents were prepared as follows: ABTS was dissolved in
aqueous sodium persulphate (2.45 mmol/L) to obtain concen-
tration of 7 mmol/L. The mixture was stored in the dark at
room temperature for 12 h and then diluted with methanol to
the concentration of 30 % (v/v). Commercially available FCR
was diluted with water to a concentration of 40 % (v/v). ABTS
and FCR solutions were fed into the system at the flow rate of
0.1 mL/min. Chromatograms after derivatisation with either
ABTS or FCR were registered at 734 and 750 nm,
respectively.

Results and discussion
Selection of solvents for extraction

Methanol is the most frequently used solvent to extract
bioactive compounds from plant material. Also in the case
of coffee beans, methanol turned out to give higher yield
of antioxidants than hexane, chloroform or acetone
(Ramalakshmi et al., 2008). Therefore, this solvent was
initially selected to quantitatively isolate phytochemicals
from coffee beans. On the other hand, coffee is drunk in
a form of water brew, so it was essential to compare the
recovery of phytochemicals achieved with methanol to that
with boiling water. Ideally, both these methods should give
comparable results confirming that methanolic extracts indeed
reflect the composition of what is being consumed. This
assumption was verified by evaluating the antioxidant poten-
tial of water and methanol extractable phytochemicals with
ABTS, DPPH, FCR and CV tests. For the comparisons, three
roasted coffees were selected: R3 - aromatised, R4 - enriched
with green coffee extract and RS - organically grown coffee,
as in their case the substantial differences in composition
could be expected, hence diversified solubility of bioactive
compounds in two solvents verified.

The results of measurements for all tests applied indicated
profound discrepancy in the content of antioxidant com-
pounds between methanolic and water extracts. Firstly, the
water extracts were characterised by stronger colour intensity
that suggested higher content of Maillard reaction products
such as brown pigments. Secondly, the shapes of cyclic volt-
ammograms presented in Fig. 1 varied substantially depend-
ing on the solvent used. Maximum currents for water and
methanolic coffee extracts were observed at 0.8 and 1.2 'V,
respectively. Such a shift of peaks suggests that different
groups of electroactive compounds dominated in each type
of extract. Oxidative potentials of strong antioxidants, such as
chlorogenic acids, ferulic acid, caffeic acid and gallic acid are
in the range from 0.4 to 0.6 V. Thus, based on the shape of

Current [pA]

00 02 04 06 08 10 12
Potential [V vs. Ag/AgCl]
Fig. 1 The representative cyclic voltammograms of (a) - water extracts
(70 mg/mL) or (b) - methanolic extracts (76 mg/mL) of different modified
coffees: R3 - aromatized, R4 - enriched with green coffee extract and

R5 - organically grown. Voltammograms were recorded from —100 to
+1200 mV at the scan rate of 100 mV/s

voltammograms, it can be concluded that these phenolic acids
were underrepresented in methanolic extracts.

The summary of antioxidant activities measured for ex-
tracts by spectrophotometric and electroanalytical methods is
presented in Table 1. Water extracts displayed approximately
20 %, 40 %, 60 % and 80 % higher antioxidant activity than
methanolic ones in CV, FCR, ABTS and DPPH tests, respec-
tively. This discrepancy between determinations is caused by
different chemical specificity of the assays. Based on the
results presented, it can be presumed that the methanolic
extracts were deprived especially of hydrophilic compounds
detected with the highest sensitivity by DPPH test. Altogether,
these data suggest that the use of methanol provides no ad-
vantage as regards the isolation of phytochemicals from coffee
beans and further experiments were performed only for brews
of ground beans with boiling tap water.

Influence of coffee processing on the content of bioactive
compounds

In brewed coffee, caffeine and antioxidants, such as
chlorogenic acids, are the most valuable compounds that
may have an influence on human health. However, it is well
known that roasting process transforms the chemical and
physical properties of coffee bringing about changes in colour,
taste, smell and even size of coffee beans (Franca et al., 2009).
This process on one hand leads to the formation of Maillard
reaction products, on the other to the decomposition of
chlorogenic acids and consequently may change antioxidant
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Table 1
methods

Antioxidant activity of water and methanolic extracts of different modified coffees studied, determined by ABTS, FCR, DPPH and CV

Coffee sample Type of extract

Antioxidant Activity [mg TE/g coffee beans] **

ABTS FCR DPPH (O\%
R3 Aqueous 24.30+0.69 37.90+1.73 38.16+1.87 17.26+0.37
Methanolic 8.84+0.59 23.28+0.96 5.52+0.51 11.30+0.12
R4 Aqueous 29.94+2.01 46.74+2.58 46.43+£4.17 14.79+0.19
Methanolic 10.87+0.58 28.65+2.62 9.13+0.46 11.80+0.21
RS Aqueous 26.34+3.15 39.11+3.87 39.41+4.78 15.90+0.24
Methanolic 9.10+0.58 23.02+1.57 7.26+0.91 11.31£0.23

* TE, Trolox equivalent

* Data are shown as means+standard deviations of three independent measurements

activity of coffee (Liu and Kitts, 2011; Vignoli et al., 2014).
Therefore, it was essential to study the influence of roasting
and also additional processing on the health quality of the
ready for sale special purpose coffees. For this comparison,
two coffees processed in a different way were chosen. Coffee
G1 was roasted and additionally treated so as to diminish the
content of stomach-irritating C5-HT in the final R1 roasted
coffee. Coffee G2 contained a thin layer of dry mucilage. Mild
processing conditions according to the producer allowed to
obtain light roasted and full aroma coffee R2.

The results of spectrophotometric and electroanalytical
tests presented in Fig. 2 indicate that roasting and additional
processing of G1 coffee had negative influence on the total
antioxidant activity of coffee beans. ABTS, FCR, DPPH and
CV tests showed that G1 coffee during this process lost about
13 %, 26 %, 31 % and 67 % of antioxidants, respectively.
Theoretically, the content of antioxidants in coffee depends on

roasting conditions, so it should be possible to pinpoint wheth-
er additional processing needed to remove irritants influenced
the abundance of antioxidants in the final coffee product.
Unfortunately, the results of previous studies regarding the
relationship between the antioxidant activities and degree of
roasting are inconsistent. For example Perrone et al. (2012)
observed the highest antioxidant activity for green coffee,
while Duarte et al., (2005) indicated that degree of roasting
is inversely correlated with antioxidant activity and observed
the highest values for light roasted coffee. Different results
were obtained by Del Castillo et al. (2002) and Napolitano
et al. (2007), who found that light and medium roasted coffee
displayed greater antioxidant activity than green coffee.
Moreover, the results presented by Vignoli et al. (2014) indi-
cated that antioxidant activity of coffee may be constant
during roasting and is dependent on the balance of the com-
pounds formed during this process. Therefore, based on the

Fig. 2 The representative cyclic a 804 b s Gl
voltammograms of water extracts EEE R1
(70 mg/mL) of green (G1, G2) 601 60-
and corresponding roasted (R1,
R2) coffees, recorded from —100 401 40
to +1200 mV at the scan rate of =
100 mV/s (a) and the total 201 =
antioxidant activity determined § 0 S g 201
by ABTS, FCR, DPPH and CV = =g
method (b). Antioxidant capacity = SE 0
i e = S G2
is expressed as mg Trolox & 801 2 o e
equivalents per g of coffee beans 5 a2
and represents means+SD of 601 = :n 601
three independent measurements SE
40- S
E 40
201
204
0.
0
0.0 0.2 0.4 0.6 0.8 1.0 1.2 ABTS FCR DPPH Cv
Potential [V vs. Ag/AgCl] Type of test
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available data, it is hard to decide if the elimination of C5-HT
from coffee is connected with the loss of antioxidants.

Technology of G2 coffee roasting contributed to the
reduction of degradation of antioxidants and in the case
of some of them even caused the increase in concentra-
tion in this coffee brews as was indicated by ABTS test
(Fig. 2). Positive effect may be attributed to the mild
roasting conditions or to protective effect of the layer of
mucilage, which might slow the rate of beans heating
and consequently, reduced the degradation of thermally
labile components.

Based on the chemical specificity of the assays used, it can
be concluded that during roasting of green coffees studied,
hydrophilic antioxidants were degraded to a greater extent.
Moreover, the amount of reducing agents, especially strong
antioxidants that exhibit low redox potential, decreased during
processing, as indicated by the voltammograms presented in
Fig. 2. Results of CV test were confirmed by more detailed
analysis of the chemical composition by HPLC (Fig. 3). After
roasting, both green coffees lost thermally labile CAs that play
an important role in the final cup quality and health benefits of
coffee. Our determinations and those reported by others
showed that light roasting conditions, additional processing
or presence of mucilage as well as its inner layer of silverskin,
which contain similar CAs content to roasted coffee

(Bresciani et al., 2014) did not prevent the decomposition of
these important chemopreventive phenolics. The content of
CAs declined with the degree of roasting (Vignoli et al. 2014)
and the rate of reduction amounted to 15.9 % for light, 57.6 %
for medium and 84.2 % for dark roasted arabica coffee
(Budryn et al., 2009). In our study, the total CAs content
ranged from 53.6 mg/g to 59.6 mg/g for G2 and Gl1 coffees,
respectively. The decline of CAs level during processing of
G1 to R1 coffee was about 50 %, while for G2 to R2 about
58 %. These results classify beans studied as medium roasted.
Degradation of CAs in the latter green coffee was higher than
expected for light roasting declared by the producer and could
be caused by specific roasting conditions or different method
of sample preparation.

During roasting process, the concentration of CAs, espe-
cially 5-CQA, decreased, but the overall number of peaks
attributed to antioxidants increased (Fig. 3). As a result, anti-
oxidant activity of the coffees during processing did not
change as much as CAs concentration. It has been shown that
CAs may be incorporated into high molecular weight
melanoidins that result from caramelization of carbohydrates
or combination of sugars and amino acids through the
Maillard reactions (Bekedam et al., 2008). These new com-
pounds often exhibit antioxidant activity and may be a source
of new antioxidants in human diet (Liu and Kitts, 2011;

Fig. 3 The sample HPLC-DAD G1
chromatograms obtained for
water extracts of green (G1, G2) 1 l
or corresponding roasted (R1, R2) l

— N

G2 2

coffees derived from two

producers. The peak numbers in

top of chromatograms (a) refer to:
chlorogenic acids (peaks 1-3 and
5-8 at 325 nm) and caffeine (peak
4 at 270 nm). Top HPLC-DAD A

chromatograms in each series -

(a) are assembled with profiles of
antioxidants detected on-line for
each coffee extract with either
FCR - middle chromatograms
monitored at 750 nm (b) or ABTS

- bottom chromatograms R1 4 R2
monitored at 734 nm (c). For 2 a 4 a
identity of peaks see Table 2 1 3 l 5 TR l 5
8 6 8
L Ll 7
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Fig. 4 Comparison of the content of chlorogenic acids in water extracts
of special purpose coffees and their antioxidant activity measured by
post-column derivatisation with ABTS or FC. The coffees studied includ-
ed: G1 and R1 Astra® low-irritant; G2 and R2 Super light roasted®; R3
Sati® Splendid moment; R4 Sati® Response and R5 Sati® Bio. The bars
correspond to means of three independent measurements. Standard devi-
ations did not exceed 5 % of the means

Vignoli et al., 2014). Nonetheless, it is important to em-
phasize that health benefits of melanoidins and chlorogenic
acids differ. Although, both classes of compounds exhibit

Table 2 The composition and content of bioactive compounds [mg/g
of coffee beans] with their antioxidant activity [mg TE/g of coffee beans]
determined by on-line HPLC post-column derivatisation with FCR and
ABTS reagents in water extracts of green (G1, G2) and corresponding

anticarcinogenic activities (Vitaglione et al., 2012), the
in vivo experiments conducted in mice on high-fat diet
suggested that chlorogenic acids may additionally improve
body weight control, lipid metabolism and cholesterol
levels (Cho et al., 2010). It is not known, whether such
activity is also exhibited by melanoidins.

Comparison of composition of bioactive compounds
in roasted special purpose coffees

Four of tested roasted coffees (R1, R2, R4, R5) are promoted
as products, which may have positive impact on human
health, while coffee R3 as a product with enhanced taste and
aroma. Flavour of coffee is determined by the shifts in the
concentration of aroma substances developed during roasting
(Buffo and Cardelli-Freire, 2004; Vignoli et al. 2014), while
the health-beneficial properties are attributed to antioxidants
considered as important biologically active ingredients of
food. To compensate for the losses of some compounds that
may have beneficial effect, roasted coffee may be enriched
with green coffee phytochemicals obtained by the extraction

roasted (R1, R2) coffees derived from two producers, as well as other
studied special purpose coffees: aromatized - R3, enriched with green
coffee extract - R4 and organically grown - R5

Peak 1 2 3 4 5 6 7 8
Compound  3-CQA  5-CQA  4-CQA  Caffeine  4-FQA+5-FQA  34-diCQA  3,5-diCQA  4,5-diCQA
Tons (m/z) 353 353 353 193 367 515 515 515
Gl Content* 4.660 31.410 6.940 6.862 3202 1.876 2.962 2.599
FCR 3.711 8.276 4015 nd 0.695 1.625 1.601 1.637
ABTS 3.835 14.745 5.930 nd 0.076 2.806 3.157 4775
G2 Content 5.559 31.851 8.453 7471 3.536 2.541 3.296 4387
FCR 4,004 8.349 4.097 nd 0.709 1.965 1.880 1.979
ABTS 4377 14.590 6.509 nd 0.111 4.028 3.709 6.272
RI Content 4385 9.178 6.441 10.906 4,084 0.930 0.522 0.921
FCR 3.355 4245 3.292 nd 1.075 1.055 0.787 1.019
ABTS 3.848 6.923 4.962 nd 0.818 1.067 0.430 1.467
R2 Content 4201 8.547 5.962 10.161 3.728 0.842 0.552 0.823
FCR 3.403 4263 3.243 nd 1.066 1.079 0.787 1.030
ABTS 3.556 6.971 4.847 nd 0.914 0.950 0.356 1313
R3 Content 3.454 6.345 4.545 7.379 1.891 0.386 0.187 0318
FCR 2.874 3.853 2714 nd 0.983 0.784 0.657 0.762
ABTS 3.036 5.648 4.096 nd 0.862 0.426 0.253 0.613
R4 Content 3.239 7.163 4290 7.680 2.099 0.513 0.257 0.441
FCR 2811 3.941 2.844 nd 1.122 0.852 0.711 0.924
ABTS 2.976 5.855 3.865 nd 1.005 0.581 0.301 0.883
RS Content 2.576 5239 3.467 6.962 1.918 0.395 0.193 0.256
FCR 2.405 3306 2459 nd 1.021 0.741 0.644 0.730
ABTS 2.247 4.697 3.145 nd 0.840 0.382 0.178 0.540

* Data are the mean values of three independent measurements. Standard deviations were within =5 % of the means.
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with alcohol (Thom, 2007) or hot water (Upadhyay et al.,
2012). Such extracts contain secondary metabolites of green
coffee which are known to influence reduction of body mass
and body fat (Shimoda et al., 2006; Thom, 2007) to exhibit
antibacterial activity (Antonio et al., 2011; Arora et al., 2009)
or to lower blood pressure (Watanabe et al., 2006). The most
abundant beneficial non-nutrients found in green coffee ex-
tracts are CAs (Esquivel and Jimenez, 2012). Our results
indicated, that during roasting of coffee beans, the content of
these compounds decreased (Fig. 4), so the idea of
reintroducing them into roasted coffee seems to be justified.
Coffee R4 enriched with green coffee extract contained more
CAs than other samples from the same producer (R3, R5), but
less than R1 and R2 coffees. The latter indicates that both
quality of beans and the roasting technology are important in
ensuring healthiness of coffee brews. Although, the addition
of green coffee extract may improve health benefits associated
with coffee drinking, it also changes taste and aroma of the
beverage. As a result, the dose of extract added is usually
limited. Such a limitation may be overcome by designing
specific coffee blends like the one proposed by Ribeiro et al.
(2014) that includes 3 % cocoa powder, 2 % coffee silverskin
and 1 % golden (minimally processed) coffee.

There are studies suggesting that coffee plants exposed to
environmental stress increase production of some primary
(Bento dos Santos et al., 2011), as well as secondary metab-
olites (Simkin et al., 2008). In the light of these data, it could
be expected that the content of CAs in organically grown
coffee will be elevated. As presented in table 2, coffee RS
contains less 3-CQA, 5-CQA and 4,5-diCQA than other sam-
ples. This finding however not necessarily contradicts the
above expectations. High content of melanoidins confirmed
by spectrophotometric analysis (A=420 nm; data not shown)
may suggest that the aggressive roasting conditions were
applied and partial incorporation of CAs into melanoidins
took place. In terms of health benefits associated with
the presence of CAs, coffees R1 and R2 seem to represent
the best sources of these compounds. Furthermore, these
coffees are also a good source of caffeine, the main
alkaloid of coffee, which is well-known for raising blood
circulation and stimulation of the central nervous system
(Cao et al., 2012; Terai et al., 2012).

The brews of green coffees G1 and G2 contained less
caffeine than their counterparts R1 and R2 (Table 2). This
phenomenon was also observed by other laboratories (Budryn
et al., 2009) and can be explained by the lower efficiency of
extraction of caffeine trapped in green plant tissue or by
weight loss of coffee beans during roasting. Caffeine is
regarded as a good scavenger of - OH radicals, but is inert to
ABTS and DPPH radicals (Brezova et al., 2009). Data pre-
sented in Table 2 are consistent with this previous study and
also indicate that caffeine does not interfere with typical coffee
antioxidants when FCR reagent is used.

Conclusion

The special purpose coffees examined in our study did not
differ from typical products of that kind and the level of
antioxidants such as CAs and caffeine seemed to depend on
roasting process or coffee variety not additional treatment they
were submitted. As expected, roasting process caused degra-
dation of CAs and formation of new antioxidants, whose
health benefits are not always well recognized. Especially,
roasted organically grown coffee contained lower level of
phenolics, but high dose of melanoidins, which may also
exhibit antioxidant activity and are regarded by some re-
searchers as compounds with health promoting activity. The
addition of green coffee extract into roasted coffee beans
elevated the content of CAs and caffeine. In conclusion, the
additional treatments such as addition of aromatic substances
or removal of stomach irritants did not seem to alter the
composition of desirable phytochemicals, thus may provide
consumers with more attractive coffee products without
compromising chemopreventive properties of this beverage.
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