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Abstract

Sensitive electrochemical techniques were combined with photometric and chromatographic assays to characterize the
organic matter, determine selected bioactive compounds, and evaluate antioxidant properties of popular coffee brews. Phys-
icochemical properties of organic material released in Greek/Turkish, espresso, filter, and instant coffee brews were inves-
tigated measuring copper-complexing ligands (Ly), surface active substances (SAS), and catalytically active compounds
(CAC). In addition, organic carbon, total and individual phenolics, and caffeine were measured. The content of Maillard
reaction products was estimated. Antioxidant potential was primarily assessed measuring DPPH-radical scavenging capac-
ity and ferric-reducing antioxidant power. The potential inhibition of human serum lipoprotein oxidation in vitro was also
investigated. The effect of fast or slow sipping of Greek/Turkish coffee was investigated as regards organic matter release
and antioxidant activity. Coffee brews release Cu complexing ligands at different concentrations (74.6 and 364 mM in filter
and Greek/Turkish coffees, respectively). Coffee brews contained 50.1-445 mg caffeoylquinic acids (CQAs) per 100 mL,
the 47-53% being chlorogenic acid. Among coffee brews, espresso contained more CAC, SAS, copper-complexing ligands,
caffeine, browned compounds, and phenolics. In addition, espresso exhibited higher antiradical activity and reducing power,
while Greek/Turkish coffees higher resistance to serum lipid oxidation.

Keywords Coffee brews - Organic matter - Copper complexation - Phenolic compounds - Caffeine - Antioxidant activity

Introduction

Coffee is commonly consumed worldwide [1]. Coffee con-
sumption is related to many health benefits [2, 3] owed to its
antioxidant activity [4]. Apart from caffeine, roasted coffee
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are responsible for coffee’s color and partly for its antioxi-
dant and metal-chelating properties [2, 6—8]. The antioxidant
potential of coffee is mostly linked to phenolics [9, 10].
Laboratory of Chemistry-Biochemistry-Physical Chemistry The antioxidant activity of coffee is attributed to organic
of Foods, Department of Nutrition and Dietetics, Harokopio compounds that scavenge free radicals and chelate redox
University, 176 71 Athens, Greece K R ) L.

active metals, which are considered significant exogenous
sources of Reactive Oxygen and Nitrogen Species (ROS,

P4 Nick Kalogeropoulos
nickal @hua.gr

Laboratory of Environmental Chemistry, Department
of Chemistry, National and Kapodistrian University

of Athens, Panepistimiopolis Zografou, 157 84 Athens, RNS) [11].

Greece The antioxidant activity of coffee brews involves chromo-
3 Center for Marine and Environmental Research, Ruder gen compougds ofa radlcal' nature. which stlmu.late reduct.ive

Bogkovi¢ Institute, P.O. Box 180, 10002 Zagreb, Croatia oxygen species [12]. Herein, radical scavenging, reducing

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00217-018-3107-3&domain=pdf
https://doi.org/10.1007/s00217-018-3107-3

1954

European Food Research and Technology (2018) 244:1953-1961

power, and copper complexing were evaluated in espresso,
filter, instant, and Greek/Turkish coffee brews. In addition,
caffeine, total, and individual phenolics were measured. For
first, to our knowledge, the organic matter content (TOC)
and its physicochemical characterization measuring surface
active substances (SAS) and catalytically active compounds
(CAC) were assessed. Total serum lipoprotein resistance to
oxidation was applied as a biologically relevant assay repre-
senting human antioxidant capacity. Based on the hypothesis
that the contact of Greek/Turkish brew with solids in cup
may be involved in a continuing release of organic matter
and bioactive microconstituents, resulting in different anti-
oxidant capacities, the influence of sipping rate was also
investigated.

Materials and methods

A detailed list of reagents and chemicals is provided in the
Supplemental material (Table S2).

Samples

Four types of commercial grounded coffee samples, namely,
espresso (ESP), filter (FIL), instant (INS), and Greek/Turk-
ish (G) style, were purchased from local market. All sam-
ples were vacuum-packed and—according to their labels—
medium roasted and far from their expiration dates. With the
exception of espresso, which was 100% Arabica, the rest of
samples were blends of Arabica and Robusta.

Preparation of coffee brews

Coffee brews were prepared applying common practices;
the quantity of coffee and water used is shown in Table S1.
Espresso was prepared in a commercial machine using 14 g
of powder with steam flow under 15 atm. Filter coffee was
prepared using 6 g of grounded coffee in a coffee maker
with 300 mL of water. Instant coffee was prepared adding
3 g of coffee in 250 mL of boiling-hot water. Greek/Turkish
coffee was prepared in a traditional pot called “briki” adding
4 g of grounded coffee in 70 mL of water, followed by heat-
ing slowly to gentle boiling until a thick foam was formed.
Greek/Turkish style coffee was further investigated relatively
to sipping rate, since it is traditionally believed that slow sip-
ping provides full flavor. To obtain samples of slow and fast
sipping, coffee brews were decanted in glass beakers: 10 mL
aliquots at 5 min intervals for “fast” and 10 mL aliquots at
10 min intervals for “slow” sipping, the samples named GF
and GS, respectively. Fifteen replicates were prepared for
individual samples. All brews were lyophilised (HetoLyolab
3000, Heto-Holten, Allerod, Denmark) and dry residues

@ Springer

were weighed. The 15 replicates for individual coffee type
were pooled in 3 composite samples stored at — 20 °C.

Analytical methods
Electrochemical measurements

For the determination of copper-complexing capacity (Ly),
solutions of 50 mg/L were prepared dissolving lyophilised
brews in Milli-Q water (18.2 MQ cm; Millipore). Following
the addition of 5 drops of 3M NaCl (Merck, Darmstadt, Ger-
many), samples were immediately subjected to copper-com-
plexing capacity (Ly) and apparent stability constant (K,,,)
determinations. For surface active substances (SAS), solu-
tions of 10 mg/L were prepared dissolving lyophilised brews
in Milli-Q water and were measured in 0.55M NaCl. For
catalytically active compounds (CAC), solutions of 10 mg/L
concentrations were prepared in 0.55M NaCl + 0.5M NaAc
(sodium acetate buffer, pH 5.1) and organic-free (UV-irra-
diated) seawater (pH 8.2). Samples were measured immedi-
ately after preparation. Electrochemical measurements were
performed using a pAutolab type III (Eco-Chemie, Utrecht,
The Netherlands) instrument connected to a three-electrode
cell (663 VA Stand, Metrohm, Herisau, Switzerland) with a
static mercury drop electrode (SMDE) as the working elec-
trode. The reference electrode was an Ag/AgCl (3M KCl).
A carbon-rod electrode served as the auxiliary electrode.
Determination of copper-complexing capacity (L;) was
conducted according to Plavsic et al. [13], of surface active
substances (SAS) according to Cosovi¢ [14] and of catalyti-
cally active compounds (CAC) according to Strmecki et al.
[15] and Strmecki and Plavsi¢ [16]. To our knowledge, these
electrochemical measurements are applied in coffee brews
for first. Detailed description of the analytical methodologies
is provided in Table S3.

Chemical determinations

Total organic carbon (TOC) was determined by high-tem-
perature catalytic oxidation employing a TOC-5000A Shi-
madzu analyzer. Copper determination was performed fol-
lowing wet digestion by graphite furnace atomic absorption
spectrometry with Zeeman background correction (Spec-
trAA 640Z; Varian, Mulgrave, Victoria, Australia) [17, 18]
(Table S3).

Products of Maillard reaction were quantitated spectro-
photometrically in aliquots of coffee brews by measuring
their absorbance at 420 nm, as described by Ludwig et al.
[19].

For caffeine determination, freeze-dried brews (5 mg
each) were dissolved in deionised water (1 mL) and extracted
with chloroform (3 X 3 mL); caffeine was measured in the
extract by GC/MS (see supplementary material).



European Food Research and Technology (2018) 244:1953-1961

1955

Phenolic compounds were extracted from freeze-dried
brews with 3 X2 mL. MeOH. Aliquots of the methanolic
extracts were evaporated to dryness by centrifugal evapora-
tor and were silylated by reaction with BSTFA for 20 min at
70 °C. Simple phenolics were quantified in the form of their
trimethylsilyl derivatives by selective ion monitoring GC/
MS [20] (for more details and for the target and qualifier ions
used, see supplementary material); chlorogenic acid (5-O-
CQA), and neochlorogenic acid (3-O-CQA) were quantified
by means of pure reference compounds, while quantification
of cryptochlorogenic acid (4-O-CQA) was based on the 5-O-
CQA response factors.

Total phenolic content was assayed in the methanolic
extracts of freeze-dried brews (5 mg/mL MeOH) by the
Folin—Ciocalteu assay, using caffeic acid as the reference
standard [21].

Evaluation of antioxidant activity

Antiradical activity and reducing power were carried out
according to [21] in methanolic extracts of lyophilised cof-
fee brews (Table S3). The antioxidant activity of the extracts
was additionally evaluated by the kinetics of copper-induced
lipid oxidation in total human serum, employing lag time as
a criterion for antioxidative power [22] (Table S3).

Statistical analysis

All analyses were performed in triplicate except otherwise
indicated. Results were expressed as mean values + stand-
ard deviation. Statistical significance of differences between
means was evaluated with Statgraphics Plus for Windows
4.0 (Statistical Graphics Corp., Herndon, VA, USA) by
performing analysis of variance (ANOVA) and employing
Duncan’s multiple range test. A value of p <0.05 (95% con-
fidence level) was considered to indicate a significant differ-
ence of the statistical analysis of the data.

Results and discussion
Total and suspended solids

Total solids varied from 805 to 4497 mg per 100 mL in filter
coffee and espresso, respectively (Table 1b), in decreasing
order espresso > Greek/Turkish > instant > filter. Correla-
tions of total solids with TOC, browned compounds, caf-
feine, SAS, antiradical activity, reducing power, p-OH ben-
zoic acid, and vanillic acid were observed (p <0.05).
Suspended solids were higher in Greek/Turkish coffees
(119-124 mg per 100 mL) compared to 10.2-23.1 mg per

Table 1 Total and suspended solids, total organic carbon, caffeine, total phenolics, sum of caffeoylquinic acids, and antioxidant activity of the

coffee brews

ESP FIL GF GS INS
(a) Per g of coffee
Total solids (mg) 194+5% 362+3° 327+12° 298 +3° 870 +32°
Total organic carbon (mg) 49.9+1.3% 90.6+5.8" 109 +7° 108 +4° 242 +36°
Caffeine (mg) 8.01+1.02° 28.2+0.9¢ 18.8+2.1° 17.8+0.6° 40.8+4.7¢
Total phenolics (mg CAE) 22.6+2.8" 37.8+3.2° 542+1.4° 51.3+0.9° 60.1+6.5¢
Sum of caffeoylquinic acids (mg)* 19.1+3.2% 25.6+3.4% 482 +5.6° 46.3+5.8° 41.7+3.8°
Radical scavenging capacity (mg TE) 7.98 +0.68% 103+£1.2° 142+1.1° 12.7+0.6° 21.7+1.7¢
Reducing power (mg AAE) 3.47+0.30° 6.27+0.45° 6.19+£0.33° 5.88+0.48° 9.16+0.83¢
(b) Per 100 mL coffee brew
Total solids (mg) 4497 +1269 805+6.7" 1987 £76° 1862 +15° 1041 +46°
Suspended solids (mg) 21.0+2.0° 10.2+2.8* 124 £8.0° 119+6.9° 23.1+2.0°
Total organic carbon (mg) 1160 +30¢ 201+13.2% 622 +43.3¢ 616+21°¢ 289 +43°
Caffeine (mg) 186 +23¢ 62.5+1.7% 116 +12.8° 108+£3.3° 48.6+5.6°
Total phenolics (mg CAE) 526 +65° 84.3+7.0° 333+8.3° 312+5.0° 72.0+7.8*
Sum of caffeoylquinic acids (mg)* 445 +35° 57.0+£7.2° 290 +23° 282 +23° 50.1+£4.2%
Radical scavenging capacity (mg TE) 187 £15°¢ 31.3+2.7% 87.0+7.1° 79.7 +4.0 28.1+2.0*
Reducing power (mg AAE) 81.1+7.1¢ 14.0+1.0° 38.2+2.0° 36.9+£2.9° 109+ 1.1°

Results are expressed (a) per g of coffee and (b) per 100 mL of coffee brew
ESP espresso, FIL filter, GF Greek/Turkish, fast sipping, GS Greek/Turkish, slow sipping, /NS instant
ASum of 3-O-CQA (neochlorogenic acid), 4-O-CQA (cryptochlorogenic acid) and 5-O-CQA (chlorogenic acid), CAE caffeic acid equivalents,

TE Trolox equivalents, AAE ascorbic acid equivalents

Data are provided as mean+ SD of triplicate analyses; values in the same raw not sharing lower case letters are significantly different (p <0.05,

Duncan multiple range test)
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100 mL in filter, espresso and instant coffees (Table 1b), rep-
resenting 0.5% of total solids in espresso up to 6.2-6.4% in
Greek/Turkish coffees. Elevated suspended solids in Greek/
Turkish coffees are expected, since the constant contact of
brew and grounds may result in resuspension during sipping.

Total organic carbon

Total organic carbon (TOC) content ranged between 201
and 1160 mg per 100 mL in filter and espresso, respectively
(Table 1b). TOC represented 25-28% w/w of dry matter
in instant, filter and espresso and 31-33% of dry matter in
Greek/Turkish coffee brews. Correlations of TOC with total
solids, SAS, total phenolics, sum of CQAs, caffeine, antirad-
ical activity, and reducing power were reported (p <0.05).

Organic matter characterization employing
electrochemical techniques

Reported here for the first time are the concentrations of
catalytically active compounds (CAC) at pH 5.1 and 8.2 in
coffee brews. The pH values are quoted, since it has been
shown that the proximity of the dissociation constants of
buffer and catalyst is a precondition for the occurrence of
catalytic activity [23]. Such a consideration, accompanied by
the fact that the catalytic activity, i.e., occurrence of “peak
H”, is related to the presence of S, N, O, and P atoms in the
organic molecule [24] may lead to the conclusion that, at
pH 8.2, N-containing organic material could be detected,
since dissociation constants of the majority of N-containing
groups in organic molecules are close to this pH [15]. For
this reason, human serum albumin (HSA) with 15.7% nitro-
gen content was selected as a calibration compound at pH
8.2. At pH 5.1, the sulphate and/or carboxylic groups present
in organic molecules could be presumed to dissociate, caus-
ing the catalytic activity for H ions. Compounds like poly-
saccharides with sulphate and or carboxylic groups could
be catalytically active at pH 5.1. However, since the method
employed is relatively new [15, 16, 25] and not all classes
of compounds have been tested so far, we could hypothesize
that other catalytically active compounds also dissociate at
this pH. All coffee brews tested demonstrated the presence of
CAC at pH 5.1 (Fig. 1a), with mean values varying between
6759 mg/L eq. xanthan in instant coffee and 226,836 mg/L
eq. xanthan in espresso. The respective mean concentrations
of CAC at pH 8.2 ranged from 2.8 mg/L eq. HSA in instant
coffee to 81 mg/L eq. HSA in espresso (Fig. 1b).

CAC at pH 8.2 correlated well (p <0.05) with TOC, SAS,
total phenolics content, sum of CQAs, antiradical activity,
and reducing power, while CAC at pH 5.1 did not correlate
with any of the parameters studied.

The concentrations of surface active substances (SAS)
were also measured for the first time in coffee brews. The
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Fig. 1 Concentrations of catalytically active compounds (CAC) at
pH 5.1 and 8.2 and surface active substances (SAS) in coffee brews.
Different letters indicate significant differences between samples
(p<0.05); abbreviations as in Table 1

brews examined contain SAS at mean levels varying from
206 mg/L eq. Triton-X-100 (T-X-100) in filter coffee to
1354 mg/L in espresso (Fig. 1c). SAS were found to cor-
relate (p <0.05) with total solids, TOC, CAC at pH 8.2,
caffeine, total phenolics, sum of CQAs, antiradical activ-
ity, reducing power, p-OH benzoic acid, vanillic acid, and
protocatechuic acid.

SAS and TOC concentrations were correlated to those of
organic model substances with different functional groups
and hydrophobic properties, to test which one of them better
resembles the adsorption characteristics in coffee brews [26].
The correlation of SAS data for model substances with the
corresponding TOC values is presented in Fig. 2. As shown,
coffee brews examined demonstrated adsorption characteris-
tics similar to those of dextran and xanthan, which are both
polysaccharides of high molecular mass (5x 10° and 2 x 10°,
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Fig.2 Correlation of surface active substances (SAS) concentrations
eq. to Triton-X-100 (T-X-100) and total organic carbon (TOC) values
in coffee beverages. Numbered lines correspond to different model
substances: No 1 to protein—albumin No 2 to fulvic acid No 3 to dex-
tran No 4 to xanthan and No 5 to Triton-X-100

respectively). The alike adsorption data of the polysaccha-
rides pseudomelanoidins and of melanoidins have been pre-
viously reported [27]. Because the content of melanoidins
in coffee brews is as high as 25% of the beverage’s dry mat-
ter, and based on the common adsorption characteristics of
melanoidins with pseudomelanoidins, it is hypothesized that
adsorption characteristics for coffee brews are owed to the
contained melanoidins.

Browned compounds and caffeine

Browned compounds—recorded as absorbance at 420 nm
[19]—decreased in the order: espresso (0.631) > Greek
fast sipping (0.191) =~ instant (0.188) ~ Greek slow sipping
(0.185) > filter (0.132) and exhibited good correlations
(p <0.05) with total solids, TOC, caffeine, SAS, antiradical
activity, reducing power, p-OH-benzoic acid, vanillic, and
protocatechuic acids. Ludwig et al. [19] reported also higher
browned compounds in espresso compared to filter coffee.

Caffeine was higher in espresso (186 mg per 100 mL) and
lower in instant and filter coffees (48.6-62.5 mg per 100 mL)
(Table 1b), in accordance with the previous studies [19, 28].

Fast sipping of Greek/Turkish coffee resulted in insig-
nificant differences in caffeine content compared to slow
sipping (116 vs 108 mg per 100 mL, and 18.8 vs 17.8 mg/g
of ground coffee, respectively, p <0.05).

Simple and total phenolics, chlorogenic acids

Concentrations of simple phenolics in coffee brews are
given in Table 2. Caffeoylquinic acids (CQAs) predomi-
nated, being 50-57 mg per 100 mL in instant and filter,
282-290 mg per 100 mL in Greek/Turkish and 445 mg per

100 mL in espresso. Fast sipping Greek coffee exhibited
higher CQAs compared to slow sipping. Chlorogenic acids
represent the main phenolics in coffee, consisting mainly
of CQAs [27]. Hereby, 5-O-CQA (chlorogenic acid) pre-
dominated, followed by 4-O-CQA (cryptochlorogenic
acid) and 3-O-CQA (neochlorogenic acid), comprising
47-53, 27-31, and 14-23% of CQAs, in agreement with
the previous studies [19, 28, 29]. Likewise, 47-53% of
total CQAs in espresso, Greek/Turkish, and filter coffees
corresponded to 5-O-CQA, while in instant coffee, 38.2%
corresponded to 5-O-CQA [29].

According to Ludwig et al. [29], total CQAs values
range as 244-306 mg per serving in light roast espresso,
119-160 mg per serving in medium roast and 75-96 mg
per serving in dark roast espresso. Since caffeine is more
stable than CQAs during usual roasting, the caffeine/total
CQAs ratio has been suggested as a marker of roasting
degree in coffee beans. Total CQAs are the sum of 5-O-
CQA, 4-0-CQA, and 3-O-CQA, while ratio values equal
to 0.7, 1.3 and 2.6 correspond to light, medium, and dark
roast, respectively [29]. The caffeine/total CQA ratios
herein were 0.38-0.39 in Greek/Turkish coffee, 0.42 in
espresso, and 0.98-1.10 in instant and filter coffee, sug-
gesting that light-to-medium roasting.

In the cases of Greek/Turkish, espresso, and filter coffee
brews, the extraction efficiency of preparation techniques
was expressed as total CQAs per g of coffee brewed.
Efficiency ranged from 19.1 mg/g in espresso to 46.3 or
48.2 mg/g of coffee brewed in Greek/Turkish type coffees
(Table 1a).

Apart from CQAs, coffee brews contained hydroxycin-
namic acids caffeic, p-coumaric, cinnamic, ferulic and
sinapic, the phenolic acids syringic, vanillic, p-hydroxy-
benzoic and protocatechuic, the phenol vanillin, and the
flavonoids chrysin, naringenin, and quercetin (Table 2). In
addition, trace amounts of oleanolic and ursolic acids were
detected, in all brews studied.

Total phenolic content (TPC) was expressed in mg caf-
feic acid equivalents (CAE) per 100 mL. TPC decreased
in the order: espresso > Greek/Turkish > filter > instant,
as in the case of CQAs (Table 1b). In terms of TPC and
CQA contents, in some studies, instant coffee predomi-
nates [31], while in others, filter [28, 32] or espresso [19]
predominates.

When expressing TPC in terms of extraction efficiency,
i.e., as mg CAE per g of coffee brewed, the order is: Greek/
Turkish > filter > espresso (Table 1a). The higher extrac-
tion of CQAs in filter compared to espresso coffees herein
is in agreement with existing data [19, 33]. Short brewing
time and high coffee-to-water ratio (Table S1) are probably
responsible for lower extraction of phenolics in espresso
compared to filter and Greek/Turkish coffees.
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Table 2 Simple phenolics (mg per 100 mL) in coffee brews

Compound ESP FIL GF GS INS
Phenolic acids
p-Hydroxybenzoic acid 0.040+0.003° 0.009+0.001* 0.022+0.002* 0.019+0.001* 0.016+0.001*
Syringic acid 0.002 +0.000% 0.001 +0.000* 0.005 +0.000% 0.003 +0.000% 0.009 £ 0.000°
Vanillic acid 0.025 +0.003° 0.004 +£0.0001* 0.007 +0.001% 0.006+0.001* 0.005+0.001*
Protocatechuic acid 0.074 +0.005° 0.004 +£0.0001* 0.009 +0.001* 0.007 +0.001* 0.010+0.001*
Phenols
Vanillin 0.008 +0.001* 0.005+0.001* 0.007 +0.001% 0.007 +0.001* 0.007 +0.001*
Cinnamic acid 0.011+0.001* 0.006+0.001* 0.013+0.001% 0.011+0.001% 0.009 +0.001*
Flavonoids
Chrysin 0.032+0.002* 0.013+0.001* 0.037 +0.003* 0.033+0.002° 0.011+0.001*
Naringenin 0.007 +0.001* 0.010+0.001* 0.022+0.003* 0.011+0.001* 0.022+0.003*
Quercetin 0.030+0.003* 0.011+0.001* 0.030+0.003* 0.031+0.003* 0.028 +0.002*
Hydroxycinnamic acids
Caffeic acid 0.331+0.020° 0.041+0.002* 0.311+0.019° 0.281+0.031° 0.136+0.008*
p-Coumaric acid 0.008 +0.001% 0.004 +0.000* 0.013 +0.002% 0.007£0.001* 0.025 +0.003°
Ferulic acid 0.011+0.001* 0.010+0.001* 0.034+0.003* 0.031+0.003* 0.027 +0.003*
Sinapic acid 0.001 +0.000* 0.001 +0.000* 0.003 +0.000? 0.002 +0.000* 0.002 +0.000*
5-0-CQA* (chlorogenic acid) 140+ 13¢ 16.0+1.4* 92.7+8.3° 90.1+8.1° 152+1.4%
4-O- CQA (cryptochlorogenic acid) 75.9+6.1° 10.4+0.8* 46.4+3.7b 452+3.6° 8.7+0.7°
3-O- CQA (neochlorogenic acid) 51.0£5.6° 7.80+0.86% 34.9+3.8bc 34.1+3.8° 6.18 +£0.68*
Sum of CQA 267 £21° 342+2.7° 174 +14b 169+ 14° 30.1+2.5°

Data are the mean+ SD of triplicate analyses; values in the same row not sharing lowercase letters are significantly different (p <0.05, Duncan

multiple range test)

*CQA caffeoylquinic acid; other abbreviations are as in Table 1; for caffeoylquinic acids, the preferred IUPAC numbering was followed [30]

Antioxidant properties of coffee brews
Radical scavenging and reducing power

All coffee brews exhibited antiradical activity, instant,
and filter coffees demonstrating the lower activity
(28.1-31.3 mg TE per 100 mL) and espresso the highest
(187 mg TE per 100 mL) (Table 1b). Antiradical activity
of coffee brews correlated (p <0.01) with CQAs, caffeine,
total solids, organic carbon, and surface active substances
(SAS). In a relevant study, 5-O-CQA exhibited the highest
activity, both in-vitro and ex-vivo, followed by caffeine
[34].

Similarly, ferric-reducing antioxidant power (FRAP)
was lower in instant and filter coffee (10.9-14.0 mg AAE
per 100 mL), followed by Greek/Turkish coffee brews
(36.9-38.2 mg AAE per 100 mL); the higher FRAP
was reported in espresso (81.1 mg AAE per 100 mL)
(Table 1b). When considering the antioxidant properties
per gram of brewed coffee, instant coffee demonstrated
the higher antioxidant potential, whereas espresso the
lower (Table 1a).
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Copper-complexing properties of organic matter in coffee
brews

All coffee types release ligands in their brews, demon-
strated by L concentrations. The mean Ly values varied
significantly, being highest in the Greek/Turkish fast sipping
(364 uM) and espresso (361 uM), followed by Greek/Turkish
slow sipping (234 uM), instant (167 uM), and filter coffees
(74.6 uM) (Fig. 3a). The significant metal-chelating prop-
erties of coffee are well established and are related to high
chlorogenic and caffeic acids reported to be the strongest
chelators among phenolic acids [35]. Hereby, L concen-
trations correlated well (p <0.05) with the sum of CQAs,
cinnamic and caffeic acids.

The mean values of logK, ., expressing the stabilities of
Cu-organic complexes, ranged from 6.6 to 8.9 for espresso
and Greek/Turkish slow sipping, respectively (Fig. 3b). The
relatively small variation of logK,,,, values suggests that they
are independent of the amount of organic material released.
Furthermore, this variation indicates that ligands deriving
from the various coffee brew types are likely to share similar
binding sites for Cu ions.
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Fig.4 Increase in lag time of total serum lipoproteins oxidized
8 | in vitro by copper sulphate in the presence of methanolic extracts
from coffee brews compared to serum lipoproteins oxidized by cop-
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Fig.3 Copper-complexing capacity (Ly) concentrations and log of
apparent stability constant (logK,,,) values of coffee brews. Differ-
ent letters indicate significant differences between samples (p <0.05);
abbreviations as in Table 1

Coffee contains melanoidins which are responsible for its
color, being additionally known as very good complexing
ligands for copper ions [36] and characterized by logK,,,
values similar to the ones determined hereby. This suggests
that melanoidins are potentially the most significant com-
plexing ligands for Cu ions in coffee brews.

Mean total copper concentrations (TCu) varied signifi-
cantly among coffee beverages, ranging from 0.2 uM in
instant coffee, 0.3 uM in filter, 0.8 uM in Greek/Turkish
fast sipping and espresso, to 1.6 uM in Greek/Turkish slow
sipping. In any case, TCu did not exceed the correspond-
ing Ly concentrations, demonstrating that all coffee brews
examined contain fully complexed Cu.

Since the coffee brews studied contained different quanti-
ties of organic matter (Table 1), a normalization of L con-
centrations as for organic carbon concentrations was car-
ried out. The normalized values for the coffee brews ranged
between 31 and 59 nmol Cu/mg C, their relatively limited
range indicating the chemical similarity of organic ligands
of Cu ions, irrespectively of differences in brews preparation
methods. Similar calculations have reported values laying
between 0.91 and 7.0 nmol Cu/mg C for Greek beers [37]
and 16128 nmol Cu/mg C for herbal infusions [38].

Significant elongation of lag time and subsequent increased
defense of lipid particles against oxidation was observed
with the addition of extracts from all coffee brews, compared
with the control (control lag time: 15412.5 +£254.8 s). The
degree of elongation was found to increase as: instant < fil-
ter < espresso < Greek/Turkish slow < Greek/Turkish fast
(Fig. 4). Elongation was significantly lower in instant coffee
compared to Greek/Turkish of slow and fast sipping and to
espresso (p <0.05). Similarly, elongation was significantly
lower in filter compared to Greek/Turkish of slow and fast
sipping and to espresso (p <0.05). Lag time elongation cor-
related well (p <0.05) with chrysin and coffee-to-water ratio.

Greek/Turkish coffees exhibited higher resistance to
serum oxidation compared to that of espresso, although the
latter contained more total phenolics, chlorogenic acids,
and caffeine, demonstrating higher antiradical activity and
reducing power. This is most likely attributed to the pres-
ence of other compounds acting synergistically, not assayed
here, such as melanoidins [39]. The aforementioned are also
reflected by the slightly higher logK,,, values determined for
Greek/Turkish slow sipping coffee, indicating the presence
of stronger binding sites for Cu ions in ligands deriving from
this coffee brew. Antioxidant activity was weaker in the case
of instant and filter coffees and higher in espresso and Greek/
Turkish coffees.

Overall, the differences in parameters examined herein
could be attributed to a concert of different preparation
conditions of coffee brews. The brewing method (espresso
or filter or Turkish) has been reported to decisively affect
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several physicochemical parameters as well as the amount
per milliliter of total phenols, caffeine, and antioxidants [40].
Instant coffee brews have been shown to possess the highest
total phenolic and total flavonoid contents, as well as the
highest antioxidant capacity, while filter coffee brews show
the lowest content of polyphenols and the lowest antioxi-
dant capacity in the study of Niseteo et al. [31]. Higher total
phenolics and CQA have been found in espresso compared
to filter [19]. As such, brewing time or brewing temperature
are important parameters affecting the antioxidant content in
coffee brews [41]. Ludwig and co-workers [19] have shown
that in espresso coffee, more than 70% of the antioxidants of
a coffee brew are extracted during the first 8 s, while in filter
coffee, a U-shape extraction profile occurs, starting in differ-
ent brewing timepoints, probably due to different wettabil-
ity. Increased extraction efficiency mostly in the less polar
diCQA is dependent on higher turbulence and longer contact
time [19]. Roasting time and temperature of coffee beans
may as well be key factors in antioxidant content of coffee
brews. It has been shown that the content of chlorogenic acid
is lowered most significantly by varying the roasting time/
temperature curve and the total chlorogenic acid in regular
brewed coffees is higher in light compared with dark or very
dark roasting conditions [42]. In addition to the above tech-
nological conditions, when comparing the CQA content and
profile in different brewing processes, including homemade
brews—boiled, filter, French, and mocha coffee—and com-
mercial brewed coffee, the brewing mechanisms were found
to have a profound effect on the amount of CQA delivered
per cup [43]. The mocha coffeemaker has been shown to
have the highest yield per gram of ground roasted coffee
in coffee antioxidant extraction, whereas espresso coffee is
richest in terms of antioxidant intake per milliliter of coffee
brew [33]. In espresso coffee brew, except for the chemo-
profile, also the aromatic profile is significantly affected by
the extraction time and the grinding grade of coffee powder,
the majority of organic acids, solids, and caffeine contained
into the coffee ground being extracted during the first 8 s of
percolation [44]. All in all, different preparation conditions
are responsible for the final coffee product consumers drink,
but above all the serving size is an essential parameter to be
considered when appraising the nutritional value and health
benefit of coffee brews.

Conclusions

Significant amounts of copper-complexing ligands, nitro-
gen containing organic matter, and polysaccharide-like
compounds with sulphate and/or carboxylic groups occur
in commonly consumed coffee brews. The considerable
copper-complexing capacity reported in coffee brews is due
to their content in chlorogenic and caffeic acids, but also due
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to melanoidins. We observed differences in organic matter
that may be linked to coffee-to-water ratio. Coffee-to-water
ratio along with brewing time may be linked to different con-
centrations of phenolics that were, however, significant in all
coffee brews. The DPPH-radical scavenging and reducing
power revealed a high antioxidant activity in espresso brew
that still did not exhibit a high ability to protect serum lipids
from oxidation. The sipping rate of Greek/Turkish coffee
brews did not affect significantly bioactive compounds and
antioxidant potential; however, fast sipping brew exhibited
higher resistance to serum lipid oxidation, higher release
of copper ligands, and lower release of nitrogen contain-
ing organic matter and polysaccharide-like compounds with
sulphate and/or carboxylic groups (CAC at pH 8.2 and 5.1,
respectively).

Compliance with ethical standards

Conflict of interest The authors declare no conflict of interest.

Compliance with Ethics requirements All procedures performed in
studies involving humanparticipants were in accordance with the ethi-
cal standards of the institutional and/or national research committee
and with the 1964 Helsinki declaration and its later amendments or
comparable ethical standards.

References

1. Wang Y, Ho CT (2009) Polyphenolic chemistry of tea and coffee:
a century of progress. J Agric Food Chem 57:8109-8114

2. Ludwig IA, Clifford MN, Lean MEJ, Ashihara H, Crozier A
(2014) Coftee: biochemistry and potential impact on health. Food
Funct 5:1695-1717

3. Siasos G, Oikonomou E, Chrysohoou C, Tousoulis D, Panagiota-
kos D, Zaromitidou M, Zisimos K, Kokkou E, Marinos G, Papa-
vassiliou AG, Pitsavos C, Stefanadis C (2013) Consumption of a
boiled Greek type of coffee is associated with improved endothe-
lial function: the Ikaria study. Vasc Med 18:55-62

4. Pellegrini N, Serafini M, Colombi B, Del Rio D, Salvatore S,
Bianchi M, Brighenti F (2003) Total antioxidant capacity of plant
foods, beverages and oils consumed in Italy assessed by three dif-
ferent in vitro assays. J Nutr 133:2812-2819

5. Perrone D, Farah A, Donangelo CM (2012) Influence of coffee
roasting on the incorporation of phenolic compounds into mela-
noidins and their relationship with antioxidant activity of the brew.
J Agric Food Chem 60:4265-4275

6. Borrelli RS, Visconti Mennella AC, Anese M, Fogliano V (2002)
Chemical characterization and antioxidant properties of coffee
melanoidins. J Agric Food Chem 50:6527-6533

7. Farah A (2012) Coffee constituents. In: YF Chu (ed) Coffee:
emerging health effects and disease prevention. Wiley and Insti-
tute of Food Technologists, Chichester

8. Moreira SP, Nunes FM, Domingues MR, Coimbra MA (2012)
Coffee melanoidins: structures mechanisms of formation and
potential health impacts. Food Funct 3:903-915

9. Natella F, Nardini M, Giannetti I, Dattilo C, Scaccini C (2002)
Coffee drinking influences plasma antioxidant capacity in humans.
J Agric Food Chem 50:6211-6216



European Food Research and Technology (2018) 244:1953-1961

1961

10.

11.

12.

13.

14.

15.

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Crozier A, Jaganath IB, Clifford MN (2009) Dietary phenolics:
chemistry bioavailability and effects on health. Nat Prod Rep
26:1001-1043

Rice-Evans CA, Miller NJ, Paganga G (1996) Structure—antioxi-
dant activity relationships of flavonoids and phenolic acids. Free
Radic Biol Med 20:933-956

Alves RC, Costa AS, Jerez M, Casal S, Sineiro J, Nifiez MJ,
Oliveira B (2010) Antiradical activity phenolics profile and
hydroxymethylfurfural in espresso coffee: influence of techno-
logical factors. J Agric Food Chem 58:12221-12229

Plavs§i¢ M, Krznari¢ D, Branica M (1982) Determination of the
apparent copper complexing capacity of seawater by DPASV. Mar
Chem 11:17-31

Cosovié B (1985) Aqueous surface chemistry. Adsorption charac-
teristics of organic solutes. Electrochemical evaluation, In: Stumm
W (ed) Chemical processes in lakes Wiley, New York

Strmecki S, Plavsi¢ M, Cosovié B (2010) Constant current chro-
nopotentiometric stripping analysis of ‘‘N-catalyst’” in sodium
chloride solution and seawater. Electroanalysis 22:91-98
Strmecki S, Plavsi¢ M (2012) Adsorptive transfer chronopoten-
tiometric stripping of sulphated polysaccharides. Electrochem
Commun 18:100-103

. Santos EJ, Oliveira E (2001) Determination of mineral nutrients

and toxic elements in Brazilian soluble coffee by ICP-AES. J Food
Compos Anal 14:523-531

JaroSova M, Milde D, Kuba M (2014) Elemental analysis of cof-
fee: a comparison of ICP-MS and AAS methods. Czech J Food
Sci 32:354-359

Ludwig IA, Sanchez L, Caemmerer B, Kroh LW, de Pefia MP,
Cid C (2012) Extraction of coffee antioxidants: impact of brewing
time and method. Food Res Int 48:57-64

Kalogeropoulos N, Konteles S, Troullidou E, Mourtzinos I, Kar-
athanos VT (2009) Chemical composition antioxidant activity
and antimicrobial properties of propolis extracts from Greece and
Cyprus. Food Chem 116:452-461

Arnous A, Makris DP, Kefalas P (2002) Correlation of pigment
and flavanol content with antioxidant properties in selected
aged regional wines from Greece. J Food Compost Anal 2002
15:655-665

Aurrekoetxea I, Ruiz-Sanz JI, Del Agua AR, Navarro R, Hernan-
dez ML, Matorras R, Prieto B, Luiz-Larrea MB (2010) Serum
oxidizability and antioxidant status in patients undergoing in vitro
fertilization. Fertil Steril 94:1279-1286

Mader P, Vesela V, Dorcak V, Heyrovsky M (2001) The “preso-
dium” hydrogen evolution at the dropping mercury electrode cata-
lysed by simple cysteine peptides. Collect Czech Chem Commun
66:397-410

Heyrovsky M (2005) Catalytic hydrogen evolution at mercury
electrode from solutions of peptides and proteins. In: Palecek E,
Scheller F, Wang J (eds) Electrochemistry of nucleic acids and
proteins. Towards electrochemical sensors for genomics and pro-
teomics. Elsevier, Amsterdam

Strmecki S, Plavsi¢ M, Cosovié B, Ostatna V, Palecek E (2009)
Constant current chronopotentiometric stripping of sulphated
polysaccharides. Electrochem Commun 11:2032-2035

Cosovié B, Vojvodic¢ V (1998) Voltammetric analysis of surface
active substances in natural seawater. Electroanalysis 10:429-434
Cosovié B, Vojvodi¢ V, Boskovié N, Plavsi¢ M, Lee C (2010)
Characterization of natural and synthetic humic substances (mela-
noidins) by chemical composition and adsorption measurements.
Organic Geochem 41:200-205

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Caporaso N, Genovese A, Canela MD, Civitella A, Sacchi R
(2014) Neapolitan coffee brew chemical analysis in comparison
to espresso moka and American brews. Food Res Int 61:152-160
Ludwig IA, Mena P, Calani L, Cid C, Del Rio D, Lean MEJ, Cro-
zier A (2014) Variations in caffeine and chlorogenic acid contents
of coffees: what are we drinking? Food Funct 5:1718-1726
Clifford MN (2000) Chlorogenic acids and other cinnamates -
Nature, occurrence, dietary burden, absorption and metabolism.
J Sci Food Agric 80:1033-1043

Niseteo T, Komes D, Bels§¢ak-Cvitanovi¢ A, Horzi¢ D, Bude¢ M
(2012) Bioactive composition and antioxidant potential of differ-
ent commonly consumed coffee brews affected by their prepara-
tion technique and milk addition. Food Chem 134:1870-1877
Sanchez-Gonzalez I, Jiménez-Escrig A, Saura-Calixto F (2005)
In vitro antioxidant activity of coffees brewed using different pro-
cedures (Italian espresso and filter). Food Chem 90:133-139
Pérez-Martinez M, Caemmerer B, De Pefia MP, Cid C, Kroh
LW (2010) Influence of brewing method and acidity regulators
on the antioxidant capacity of coffee brews. J Agric Food Chem
58:2958-2965

Daglia M, Racchi M, Papetti A, Lanni C, Govoni S, Gazzani G
(2004) In vitro and ex vivo antihydroxyl radical activity of green
and roasted coffee. J Agric Food Chem 52:1700-1704
Andjelkovi¢ M, Van Camp J, De Meulenaer B, Depaemelaere G,
Socaciu C, Verloo M, Verhe R (2006) Iron-chelation properties of
phenolic acids bearing catechol and galloyl groups. Food Chem
98:23-31

Plavsi¢ M, Cosovié B, Lee C (2006) Copper complexing proper-
ties of melanoidins and marine humic material. Sci Total Environ
366:310-319

Sakellari A, Karavoltsos S, Plavsi¢ M, Bempi E, Papantonopoulou
G, Dassenakis M, Kalogeropoulos N (2017) Copper complexing
properties, trace metal content and organic matter physico-chem-
ical characterization of Greek beers. Microchem J 135:66-73
Karavoltsos S, Plavsi¢ M, Kalogeropoulos N, Kogiannou DAA,
Strmecki S, Sakellari A, Dassenakis M, Scoullos M (2014) Cop-
per complexing properties and physico-chemical characterisa-
tion of the organic matter in Greek herbal infusions. Food Chem
160:53-60

Fogliano V, Morales FJ (2011) Estimation of dietary intake of
melanoidins from coffee and bread. Food Funct 2:117-123
Derossi A, Ricci I, Caporizzi R, Fiore A, Severini C (2018) How
grinding level and brewing method (Espresso, American, Turkish)
could affect the antioxidant activity and bioactive compounds in
a coffee cup. J Sci Food Agric 98:3198-3207

Komes D, Bels¢ak-Cvitanovi¢ A (2014) Effects of preparation
techniques on the antioxidant capacity of coffee brews. In: Preedy
V (ed) Processing and impact on antioxidants in beverages. Else-
vier, Amsterdam

Fujioka K, Shibamoto T (2008) Chlorogenic acid and caffeine
contents in various commercial brewed coffees. Food Chem
106:217-221

Moeenfard M, Rocha L, Alves A (2014) Quantification of
caffeoylquinic acids in coffee brews by HPLC-DAD. J Anal Meth-
ods Chem. https://doi.org/10.1155/2014/965353

Severini C, Ricci I, Marone M, Derossi A, De Pilli T (2015)
Changes in aromatic profile of espresso coffee as a function of
grinding grade and extraction time: a study by electronic nose
system. J Agric Food Chem 63:2321-2327

@ Springer


https://doi.org/10.1155/2014/965353

	Electrochemical, photometric, and chromatographic methods for the evaluation of organic matter and bioactive compounds in coffee brews
	Abstract
	Introduction
	Materials and methods
	Samples
	Preparation of coffee brews
	Analytical methods
	Electrochemical measurements
	Chemical determinations
	Evaluation of antioxidant activity
	Statistical analysis


	Results and discussion
	Total and suspended solids
	Total organic carbon
	Organic matter characterization employing electrochemical techniques
	Browned compounds and caffeine
	Simple and total phenolics, chlorogenic acids
	Antioxidant properties of coffee brews
	Radical scavenging and reducing power
	Copper-complexing properties of organic matter in coffee brews
	Inhibition of serum oxidation


	Conclusions
	References


