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Fifty-eight samples of commercial Colombian coffee with different characteristics (soluble, ground,
decaffeinated, etc) were evaluated for antioxidant capacity (AC) (ABTS and FRAP), total soluble phenolics
(TP), browning index (BI), color parameters (L* a* b* c* and h*), HMF and furfural. The AC in Colombian
coffees was very varied (164-1000, 100.8-885.9 umol of Trolox equiv/g and 12.5-127 mg gallic acid
equiv/g, respectively for ABTS, FRAP and TP). AC, TP, BI, color, HMF and furfural values were higher
(p <0.05) in soluble coffees than in ground ones, showing the lyophilized samples which showed the
highest average values. Significant lineal correlations (p < 0.05) were found between AC and color param-
eters, BI, HMF. No significant (p < 0.05) differences in the AC between the different types of coffee were
found. This work confirms the direct relationship between the rate of non-enzymatic browning and

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

The coffee bean is an important product all over the world and
its trade is increasing year after year. In Colombia, coffee is the
flagship product of the economy with a production of 7.2 x
10* tons per year, i.e. 11.4% of world market (Naranjo, Vélez, &
Rojano, 2011). The coffee is widely consumed as a beverage all over
the world and in Colombia can be found wide variety of coffees in
trade, which can be classified according to the degree (light, med-
ium, dark) and type of roasting (natural and torrefacto), soluble
(lyophilized), ground, flavored, with designation of origin (DO),
organics, decaffeinated and mixtures, among others (Colcafe,
2015; Juan Valdez, 2015).

Coffee is also known to be a rich source of compounds with
potent antioxidant activity. The AC of coffee has been attributed
to its content in polyphenols and melanoidins (Delgado-Andrade
& Morales, 2005). During roasting process, the green coffee beans
are subjected to temperatures between 200 and 250 °C depending
on the degree of roasting. This process causes significant physico-
chemical changes which involve thermal degradation of natural
phenolic antioxidants, generation of flavors and brown-colored
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compounds (melanoidins) products of the Maillard reaction (MR)
(Liu & Kitts, 2011). Melanoidins are formed in the final stages of
the MR, these compounds have been associated with important
biological activities as antioxidants (Pastoriza & Rufian-Henares,
2014), chelating activity (Tagliazucchi, Verzelloni, & Conte, 2010)
and antimicrobial (Rufian-Henares & Morales, 2008).

The AC of coffee can be influenced by several factors, such as the
variety and origin of coffee (Parras, Martineztome, Jimenez, &
Murcia, 2007), the roasting degree (Nicoli, Anese, Manzocco, &
Lerici, 1997), the type of roasting (natural or torrefacto), their
blends (L6pez-Galilea, de Pefia, & Cid, 2007), and the technological
parameters applied for coffee brew extraction. Several methods
that have been used to evaluate the AC of coffee include FRAP,
ABTS and the determination of TP (Borrelli, Visconti, Mennella,
Anese, & Fogliano, 2002; Sanchez-Gonzalez, Jiménez-Escrig, &
Saura-Calixto, 2005).

The color is an important characteristic in roasted coffee that
can be evaluated by the color parameters L*, a* and b* (Summa,
de la Calle, Brohee, Stadler, & Anklam, 2007). During the roasting
process of coffee beans, the lightness parameter L* was negatively
correlated to the roasting time at a given temperature, and a linear
correlation between the reciprocal of lightness and roasting time
was confirmed (Sacchetti, Di Mattia, Pittia, & Mastrocola, 2009).
In fact, the radical scavenging capacity is a linear function of L*
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(Summa et al., 2007). The extent of browning is measured by the
absorbance at 420 nm and is a useful end-point measurement for
quantifying the yield of high molecular weight melanoidins
(Wijewickreme, Kitts, & Durance, 1997). Brown color property
while is useful indicator for the development of MR, is not directly
correlated to the antioxidant potential of crude or fractionated MR
products (MRPs) (Liu & Kitts, 2011).

5-Hydroxymethylfurfural (HMF) and furfural, are formed dur-
ing heat processing of foods by acid-catalyzed dehydration of
reducing sugars and MR (Antal, Mok, & Richards, 1990) and have
been used for years as quality indicators of thermally processed
food.

Although many studies have been conducted using different
methods of extraction and preparation of samples for measure-
ment of color, MRPs and AC in order to relate coffee AC and the
degree of roasting, few studies have evaluated the AC and its rela-
tion to the degree of browning in commercial coffees of different
types. Since the Colombian coffee is exported to more than 90
countries (Federacién Nacional de Cafeteros de Colombia, 2011),
the aim of this study was to evaluate the relation between the
antioxidant activity and non-enzymatic browning degree, in order
to know if the type (degree and type of roasting, soluble, ground,
flavored, with designation of origin (DO), organics, decaffeinated
and mixtures, etc.) of coffee can influence the parameters studied.

2. Materials and methods
2.1. Samples and reagents

Fifty-eight samples of commercial Colombian coffee with differ-
ent characteristics (soluble, ground, flavored, with DO, decaf-
feinated and roasting degree (dark, medium, light) and type
(natural or torrefacto)) were obtained in triplicate from three
different local markets (Table 1).

2.2’-Azino-bis  (3-ethylbenzenothiazoline6- sulfonic acid)
(ABTS), gallic acid and 2.4.6-Tri (2-pyridyl)-s-triazine (TPTZ) were
purchased from Sigma-Aldrich Chemical (Oakville-Ontario,
Canada). Trolox  (6-hydroxy-2.5.7.8-tetramethylchroman-2-
carboxylic acid) was obtained from MP Biomedicals (Illkirch-
Graffenstaden, France), Folin-Ciocalteau reagent (2.0N) and
2-furaldehyde from Merck (Darmstadt, Germany) and HMF from
Alfa Aesar (MA, USA).

2.2. Antioxidant and total phenolics determination

2.2.1. Sample preparation

Coffee extracts were used in this study. Extraction of antioxi-
dant compounds was performed following the method described
by Contreras-Calderén, Calderén-Jaimes, Guerra-Hernandez, and
Garcia-Villanova (2011). 0.5 g of the sample were used to extrac-
tion. The extracts were stored at —18 °C in amber flasks. The
extraction and measurements were made in triplicate.

2.2.2. Measurement of ABTS

The ABTS assay was performed following Re et al. (1999).
100 puL of test sample, diluted appropriately (1/100) with water
were used for determination, and absorbance was measured at
730 nm (Varian Cary® 50 UV-vis Spectrophotometer). Aqueous
solutions of Trolox (concentrations between 0 and 200 uM) were
used for calibration. Results were expressed as micromoles of
Trolox equivalents (TEs) per gram (pmol of TEs/g).

2.2.3. FRAP assay
The FRAP assay was performed as previously described by
Pulido, Bravo, and Saura-Calixto (2000). 30 pL of test sample,

diluted appropriately (1/50) with water were used for determina-
tion, and absorbance was measured at 595 nm (Varian Cary® 50
UV-vis Spectrophotometer). Aqueous solutions of Trolox (concen-
trations between 0 and 500 pM) were used for calibration. Results
were expressed as pmol of TEs/g.

2.2.4. Total phenolics (TP)

The TP content was determined using the Folin-Ciocalteu assay
(Rover & Brown, 2013). 100 pL of test sample, diluted appropri-
ately (1/10) with water were used for determination, and absor-
bance was measured at 725 nm against the blank (Varian Cary®
50 UV-vis Spectrophotometer). Aqueous solutions of gallic acid
(concentration between 0 and 100 ppm) were used for calibration.
Results were expressed as mg of gallic acid equivalents (GAEs) per
g (mg of GAEs/g).

2.3. Color determination

Color was determined using an X-Rite 939 spectrodensitometer
and calibrated with a white and black standard. 8 g of sample were
placed in Petri dishes (9 cm diameter x 1.5 cm height) and color
was recorded using the CIELab uniform color space at room tem-
perature. Color determined by CIE (Commission Internationale
I’Eclairage) classifies color in three dimensions; L*, brightness, a*,
red to green color and b*, yellow to blue color. Chroma (c*) and
hue (h*) were also measured with spectrodensitometer. The results
were expressed in accordance with the CIELAB system with refer-
ence to illuminant D65 and with a visual angle of 0° (Cortés, Esteve,
& Frigola, 2008). The measurements were made in triplicate.

2.4. Browning index (BI)

Non-enzymatic browning index was determined with an absor-
bance measure at 420 nm (Meydav, Saguy, & Kopelman, 1977)
with some modifications. Approximately 1.5g of sample was
added to 7 ml of deionized water and centrifuged at 4500 rpm dur-
ing 10 min at room temperature, this process is repeated twice.
The supernatants were clarified with 1500 pL of Carrez I [15%
potassium ferrocyanide (w/v)] and 1500 pL of Carrez II [30% zinc
acetate (w/v)] and water was added to make the final volume
25 ml. After filtering the mixture, the absorbance is measured at
420 nm. The extracts were made in triplicate.

2.5. Hydroxymethylfurfural (HMF) and furfural determination

Furanic compounds were determined in the obtained extracts
for browning index, following a method described by Contreras-
Calderén, Guerra-Herndndez, and Garcia-Villanova (2009) with
some modifications. The supernatants were filtered through a
0.45 um filter and the samples were then analyzed with a
Shimadzu HPLC system equipped with a LC-20 AD pump, a
SIL-20A HT autosampler, and a SPD-M20A diode-array detector.
20 uL of filtered solution were separated in a reversed-phase
Cys column (LiChroCART 250-4 LiChrospher 100, 250 x 4.0 mm,
5 um, Merck). HMF (between 0.01 and 120 mg/L) and furfural
(between 0.01 and 3 mg/L) were quantified using the external
standard method.

2.6. Statistical analysis

Multivariate statistics (including principal component analyses
(PCA) and cluster analyses (CA)) were employed to quantitatively
investigate relationships among the 58 samples of coffee with
respect to the 9 indicators (3 related to antioxidant capacity
and 6 related to non-enzymatic browning), variables were
standardized before the analysis and principal components with
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Table 1
Characteristics of commercial Colombian Coffees analyzed (according to the label).
Coffees Characteristics
Ground
Toasting degree Toasting type Decaffeinated Lyophilized Flavored DO Organics
1 Dark Natural - - - - _
2 Dark Natural - - - - _
3 Dark Natural - - - - -
4 Dark Natural - - - - -
5 Dark Natural - - - - _
6 Dark Natural - - - - -
7 Dark Natural - - - - -
8 Medium-Dark Natural - - - - _
9 Medium-Dark Natural - - - - -
10 Medium-Dark Natural - - - - X
11 Medium-Dark Natural - - - - X
12 Medium-Dark Natural - - - X -
13 Medium Natural - - - - -
14 Medium Natural - - - - -
15 Medium Natural - - - - _
16 Medium Natural - - - - -
17 Medium Natural - - Vanilla - -
18 Medium Natural - - - - -
19 Medium Natural - - Mocha - -
20 Medium Natural - - - -
21 Medium Natural - - - - -
22 Medium Natural - - - - _
23 Medium Natural - - - - -
24 Medium Natural - - - - -
25 Medium Natural - - - - -
26 Light Natural - - - - -
27 Light Natural - - - - -
28 Light Natural - - - - -
29 - Natural X - - - -
30 Medium-Dark Natural X - - - -
31 - Natural - - - X _
32 - Natural - - - X -
33 - Natural - - Cinnamon - -
34 - Natural - - - X -
35 - Natural - - - - _
36 - Natural - - - - -
37 - Natural - - - - -
38 - Natural - - - X _
39 - Natural - - - -
40 - Natural - - - X -
41 - Natural - - - X -
Soluble
42 - Natural X - - - -
43 - Natural X - - - -
44 - Natural X - - - -
45 - Natural X X - - -
46 - Natural X - - - -
47 - Torrefacto - - _ _ _
48 - Natural - X Amaretto - -
49 - Natural - X - -
50 - Natural - X - - -
51 - Natural - X Vanilla - -
52 - Natural - X Caramel - -
53 - Natural - X - - -
54 Dark Natural - - - - -
55 - Natural - - Caramel - -
56 - Natural - - Vanilla - -
57 - Natural - - - - _
58 - Natural - - - - -

eigenvalues greater than one were selected. CA was made through 3. Results and discussion

k-means methods using square Euclidean distances. One-way

ANOVA was applied to the results, differences between samples 3.1. Antioxidant and TP determination

were established using LSD test with a level of significance of

95%. Correlations among variables were assessed by means of the The precision of the entire procedure was carried out, including
Pearson’s correlation test. All the statistical analyses were sample preparation and ABTS, FRAP and TP determinations. The
performed in Stat Graphics Centurion XVI®. study was carried out using sample 37 (n=8). The relative
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standard deviations (RSD) were 14.13, 13.07 and 1.79, with mean
values of 267.8, 239.6 mol of TEs/g and 28.54 mg of GAES/g, with
coefficients of variation (CV) of 5.28%, 5.45% and 6.26% by ABTS,
FRAP and TP, respectively.

Coffees commercialized in Colombia showed a wide range of
antioxidant capacity (Table 2). The AC evaluated by the three
methods varied between 164-1000 (samples 40 and 42,
respectively), 100.8-885.9 umol of TEs/g (samples 25 and 42,

Table 2
The antioxidant capacity (ABTS and FRAP) and TP compound content of Colombian
commercial coffees. Mean value + standard deviation (n = 3).

Coffees ABTS (pmol TEs/g) FRAP (umol TEs/g) TP (mg of GAEs/g)
Ground
1 383.7+18.3 384.6+1.77 20.8+1.29
2 293.7+6.42 2479+26.4 41.0+£3.49
3 266.8+17.9 226.2+16.7 346+1.10
4 346.1 £15.7 408.6+11.4 38.1+1.25
5 253.8+18.9 3904 +5.34 274 +1.58
6 240.6 £17.5 301.5+32.0 32.0+0.29
7 437.0+41.9 4253 +39.1 35.1+047
8 260.7 +9.68 2343 +133 37.8+0.31
9 269.2+£15.0 307.2+32.1 50.7 £2.29
10 286.8+21.4 304.1 £32.7 21.1£3.60
11 353.4+41.1 346.5 +2.59 28.1+£3.93
12 321.2+24.1 262.6 +1.29 18.4+£2.56
13 405.2 +28.2 279.5 +1.66 26.0+1.95
14 330.0+10.8 246.1+£12.0 36.8+3.20
15 2543 +13.6 237.1+£23.40 459 +0.68
16 340.8 +31.6 336.1+324 36.3+£0.23
17 398.9+45.1 445.5 +0.95 42.6 £6.54
18 2393+11,0 268.2+21.3 349 +3.86
19 273.2+14.0 178.0+10.1 359+4.16
20 290.6 + 14.4 2929+ 145 41.8 £4.87
21 365.2+22.6 214.8+20.3 49.1£3.75
22 267.5+x11.6 220.9+7.20 32.2+1.09
23 256.7 +4.26 283.5+20.6 12.5+1.95
24 265.0+10.8 281.2+1.63 13.0+1.32
25 297.5+29.5 100.8 +12.4 144+1.24
26 320.7 £26.1 211.1+164 33.5+251
27 2589+10.8 346.2 +26.7 38.6 £4.51
28 318.1+7.49 300.7+11.3 36.1+£0.54
29 3259+233 359.9+34.8 37.3+£3.02
30 2713 +35.8 307.3+259 36.1£5.06
31 383.8+284 308.5+18.9 342+473
32 252.8+10.9 220.1+124 323+1.71
33 408.2+12.9 468.4 +28.4 38.2+£3.92
34 237.8+18.6 303.4+39.2 34.1+£1.92
35 312.2+2.58 185.9+£249 30.2+3.38
36 256.3+£10.5 1956113 249+1.85
37 267.8 +14.1 239.6+13.1 248 £3.63
38 2353+10.9 220.1+£8.25 143 +£1.87
39 304.2 +£8.01 329.9+4.86 324215
40 164.0 £20.7 137.2+£1.68 28.8+£2.04
41 2194+7.72 165.5+16.0 26.0+1.12
Soluble

42 1000 +32.8 885.9+61.4 85.3+£9.04
43 728.2+30.3 739.9+57.4 82.6+1.38
44 636.0£18.2 850.6 £31.3 115+£18.5
45 635.0 £30.1 826.0 £35.6 103 £7.02
46 459.7 +24.4 668.9+19.2 56.5+2.95
47 723.4+2.18 690.4+77.3 58.7 +8.68
48 550.6 £17.6 572.3+947 943 £7.58
49 716.9+12.5 828.5+33.0 97.4+10.9
50 539.8+223 509.3 £3.33 82.9+3.47
51 594.1+27.2 513.6+10.2 127 £3.48
52 710.7£11.3 639.4+5.49 116 £5.96
53 630.2 £4.90 652.1 £5.99 87.3+£4.08
54 442.0 +2.00 352.2+25.7 36.8+0.10
55 660.6 +£27.7 749.5 + 547 74.4+29.4
56 673.7 £28.0 732.8+41.2 103 +4.41
57 7253 £33.9 687.0+17.8 91.5+1.32
58 673.7 £34.5 671.4+17.9 85.5+0.34

respectively) and 12.5-127 mg of GAEs/g (samples 23 and 51,
respectively) for ABTS, FRAP and TP, respectively. The highest
antioxidant capacity was found in soluble samples with mean val-
ues of 652.9, 680.6 pmol of TEs/g and 88.1 mg of GAEs/g, respec-
tively for ABTS, FRAP and TP, compared with the ground coffee
samples with mean values of 298.4, 281.05 umol of TEs/g and
31.91 mg of GAEs/g, respectively. Significant differences (p < 0.05)
between these two types of samples were found. This difference
is due to the drying process in soluble coffee production, which
consists of a evaporation or lyophilization step in which the soluble
components are concentrated, including phenols with antioxidant
potential (Mussatto, Machado, Martins, & Teixeira, 2011) as chloro-
genic acid, caffeine and melanoidins (Vignoli, Bassoli, & Benassi,
2011).

The AC was also highly variable comparing within the same
types of coffees, according to degree and type of roasted, decaf-
feinated, freeze-dried, organic, DO or flavored, where significant
differences (p < 0.05) were found between the majority of the sam-
ples. On the other hand, no significant (p>0.05) differences
between the different types of coffees and roasting degree were
found; so only mean values for ABTS be displayed in this section.

Depending on the roasting degree in ground coffees, the values
ranged from 239.2-405.2, 100.8-468.4 umol of TEs/g and 12.5-
49.1 mg of GAEs/g for ABTS, FRAP and TP, respectively, with mean
values for ABTS of 299.3, 306.8, 292.4 and 329.5 pumol of TEs/g for
light, medium, medium-dark and dark, respectively, where dark
coffees showed mean values slightly higher. These results are dif-
ferent to those reported by other authors (van der Werf, Marcic,
Khalil, Sigrist, & Marchioni, 2014; Vignoli, Viegas, Bassoli, & de
Benassi, 2014) who found that light and medium roasted coffee
have higher antioxidant capacity than dark roasted coffees due to
higher content of polyphenols, which are degraded with increasing
the degree of roasting; however Vignoli et al. (2011) found no dif-
ferences in antioxidant capacity in coffees with different roasting
degrees.

In decaffeinated coffees, ABTS, FRAP and TP values ranged
between 271.3-325.9, 307.3-359.9 umol of TEs/g and 36.1-
37.3 mg of GAEs/g, respectively for ground coffees, and 459.7-
1000, 668.9-885.9 umol of TEs/g and 56.5-115 mg of GAEs/g for
soluble coffees, with mean values for ABTS of 298.6 and
696.7 umol of TEs/g for ground and soluble coffees, respectively.
Lyophilized coffees showed values between 539.8-716.9, 509.3-
828.5 umol of TEs/g and 82.9-127 mg of GAEs/g for ABTS, FRAP
and TP, respectively, with a mean value for ABTS of 621.5 pumol
of TEs/g. In organic coffees, ABTS, FRAP and TP values varied
between 286.8-353.4, 304.1-346.5 umol of TEs/g and 21.1-
41.8 mg of GAEs/g, respectively in ground coffees, and 716.9,
828.5 umol of TEs/g and 97.4 mg of GAEs/g, respectively in the only
organic lyophilized sample (49), which exhibit the highest AC of
the lyophilized samples. The mean value for ABTS in organic
ground coffees was 308.7 umol of TEs/g. In DO ground coffees
(Table 2), AC ranged between 164.0-383.8, 100.8-308.5 umol of
TEs/g and 14.3-34.2 mg of GAEs/g, respectively for ABTS, FRAP
and TP, with a mean value for ABTS of 278.6 pumol of TEs/g. In fla-
vored coffees, the AC ranged between 273.2-408.2, 178.0-
468.4 umol of TEs/g and 35.9-42.6 mg of GAEs/g, respectively for
ABTS, FRAP and TP in ground samples, and between 550.6-710.7,
513.6-749.5 pmol of TEs/g and 74.4-127 mg of GAEs/g, respec-
tively in soluble samples, with mean values for ABTS of 360.1
and 637.9 pmol of TEs/g for ground and soluble coffees, respec-
tively. The only torrefacto coffee sample (47) had values of AC
and TP in the range of the soluble samples. However Ludwig,
Bravo, De Pefia, and Cid (2013) found that the addition of sugar
during the roasting process increases the AC of coffee, although
also indicated that the degree of roast and other factors such as
coffee variety, origin or also storage conditions influence the AC.
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Comparing the different coffees samples it is observed that the
highest antioxidant capacity by both methods, ABTS and FRAP, was
found in decaffeinated lyophilized soluble samples. This result is
not consistent with the reports in literature, since it has been
shown that caffeine is one of the main responsible for the antiox-
idant capacity of coffee (Vignoli et al., 2014, 2011), however,
although caffeine has been widely studied from a pharmacological
point of view, less attention has been paid to its AC that can be
eclipsed by the Maillard reaction products and phenolic com-
pounds (Ludwig et al., 2012). On the other hand, Rodrigues and
Bragagnolo (2013) found higher contents of chlorogenic acid in
decaffeinated coffees, which would explain the increased antioxi-
dant capacity in these samples. In general, values of ABTS, FRAP
and TP are similar to those reported by other authors for ground
and instant coffees (Fonseca-Garcia, Calderén-Jaimes, & Rivera,
2014; Ludwig et al., 2013).

The AC evaluated by the three methods (ABTS, FRAP and TP)
showed a similar trend, with high and significant (p < 0.05) direct
correlation (r=0.9242, 0.8348 and 0.8386) to ABTS:FRAP, ABTS:
TP and FRAP:TP, respectively (Table 4). These results are in agree-
ment with those reported by other authors (Pérez-Martinez et al.,
2010; Vignoli et al., 2014). It occurs because while the TP and FRAP
assays only act by the mechanism of electron transfer (SET), the
ABTS method acts by both SET and by hydrogen atom transfer
(HAT) (Giilgin, 2012).

3.2. Color determination

The precision of the entire procedure was conducted with the
sample 42 (n=10). The RSD for L* a*, b* c*, and h* were 0.68,
0.14, 0.36, 0.39 and 0.22, with a mean values of 18.1, 5.59, 14.6,
15.6 and 69.0, with CV of 3.74%, 2.51% and 2.49%, 2.47% and
0.33%, respectively.

The color parameters (L, a*, b*, c*, h*) also were highly variable
(Table 3), with values ranging from 7.89-28.1, 2.73-8.40, 3.52-
254, 4.45-26.7 and 52.2-73.3, respectively. Soluble coffees
showed, in all cases, significantly higher mean values (p < 0.05)
(L*(21.0),a*(6.7), b* (18.6), c*(19.8), h* (69.2)) than ground coffees
(L*(13.1),a*(5.1),b* (10.3), c*(11.6), h* (63.0)), i.e. soluble samples
are lighter, reddish, and have a more intense yellow than ground
samples. The higher values in color parameters of soluble coffees
could be related to the concentration of soluble compounds as mel-
anoidins (Vignoli et al, 2011). Similar results were found by
Rodrigues and Bragagnolo (2013). However, it is noteworthy to
mention that soluble coffees were lighter (L*) than ground coffees
perhaps because of the presence of insoluble compounds in ground
coffees providing dark pigments. It has been reported that mela-
noidins represent the 65% of color potential in high molecular
weight fractions obtained from light roasted coffees and just 39%
in dark roasted coffees (Nunes & Coimbra, 2007).

A comparison between ground coffees according to the roasting
degree showed that samples with dark roasting have significant
(p <0.05) lower values ((L* (11.0), a* (4.1), b* (7.5), c* (8.6) and h*
(60.3)) than other ground coffees ((L* (13.5), a* (5.3), b* (11.0), c*
(12.2) and h* (63.6)). Summa et al. (2007) found a decrease in color
parameters (L*, a* and b*), when intensity of roasting was
increased, similar to those observed in this study. Furthermore
Ludwig et al. (2013) found values significant higher (p <0.05) in
a* (red) and b* (yellow) parameters in light roast coffee samples
than in medium and dark roast coffee samples, finding significant
correlations (p <0.05) between a*:L* and b*:L* (r=0.786 and
0.912, respectively), similar to those found in the present research
(r=0.849 and 0.981, respectively for a*:L* and b*:L*).

Lyophilized coffees ((L* (23.9), a* (7.42), b* (21.3), c* (22.6) and
h* (69.9)) showed significant (p <0.05) higher values than the
other soluble coffees ((L* (18.83), a* (6.35), b* (16.5), c* (17.7)

and h* (68.4)). These values in color parameters are similar to those
reported by other authors (Ludwig et al., 2013; Vignoli et al., 2014).
Sample 49 (organic lyophilized coffee) exhibited one of the highest
color parameters, similar to those observed in AC where displayed
the highest values, which is confirmed with a high and positive
correlation between color parameters and AC (Table 4). A high
and positive correlation (r=0.9759) was obtained between L*
and ¢* in accordance with results obtained by Summa et al.
(2007) (r=0.9610), what confirm that L* is a useful indicator of
the intensity thermal process.

3.3. Browning index (BI)

The precision of the method was performed including the
preparation and analysis of samples. The study was conducted
with the sample 57 (n = 10). The RSD was 0.06, with a mean value
of 1.52 and a CV of 4.03%.

Values of BI (Table 3) varied between 0.32 and 3.06, being sig-
nificantly (p < 0.05) more brown the soluble coffees than ground
coffees, with mean values of 2.42 and 0.48, respectively, which
could be due to the higher concentration of melanoidins in soluble
coffees (Liu & Kitts, 2011; Pérez, Chavez, Medina, & Gamez, 2013).
A wide range of Bl was found in ground coffees (0.33-1.81) based
on the roasting degree, however, only significant differences
(p <0.05) were found between dark (0.39) and medium (0.55)
ground coffees. On the other hand, Liu and Kitts (2011) did not
found significant differences (p > 0.05) in coffees roasted during
15 min at 210 and 240 °C. Comparing between the different types
of coffee, it was observed that the most brownish samples were
decaffeinated soluble (2.70), flavored (2.59) and lyophilized
(2.52) coffees, however no significant differences (p > 0.05) were
found with the other samples. These results show the same trend
than those found for AC.

Significant and positive correlations (p <0.05) were found
between BI and both AC methods (Table 4) indicating that the
greater the BI, the higher the AC in coffee. These results are in
agreement with those of other authors (Liu & Kitts, 2011; Ludwig
et al., 2013) who attribute the major part of the AC to the MR
products, as melanoidins.

3.4. HMF and furfural

The precision of the method was carried out, including the
preparation and analysis of samples. The study was conducted
with the sample 57 (n=10). HMF and furfural recovery were
96.45% and 99.7%, respectively. The RSD were 25 and 0.2, with
mean values of 648.4 and 25.19 mg/kg, with CV of 3.9% and 0.6%
for HMF and furfural, respectively. The detection limit (LOD) (three
times the signal-to-noise ratio) and quantification limit (LOQ) (ten
times the signal-to-noise ratio) were 2.43 and 0.06 mg/kg and 8.10
and 0.20 mg/kg for HMF and furfural, respectively.

HMF and furfural contents ranged between 23.3-4112 and 18-
135 mg/kg, respectively (Table 3). Soluble coffees showed a signif-
icant (p < 0.05) higher HMF content than ground coffees (1333 Vs
102 mg/kg, respectively). However, furfural content did not pre-
sent significant differences (p > 0.05) between ground and soluble
samples. Other authors found higher HMF and furfural contents
in soluble coffees than in ground coffees (Arribas & Morales,
2010; Rodrigues & Bragagnolo, 2013).

According to the roasting degree, significantly higher HMF
mean values (p <0.05) were found in light and medium roast
ground coffees (162 and 140 mg/kg, respectively) than in
medium-dark and dark ground coffees (75.4 and 27.0 mg/kg,
respectively). Mean furfural contents were found to be signifi-
cantly (p < 0.05) higher in medium-dark, medium and light ground
coffees (75.4, 61.0 and 65.0 mg/kg, respectively) than in dark
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Table 3
HMF and furfural content, browning index (BI) and color parameters (L*, a*, b*, c*, h*) of Colombian commercial coffees. Mean value + standard deviation (n = 3).
Coffees HMF Furfural BI L a* b* c* h*
Ground
1 30.2 +0.80 22+0.30 0.34+0.04 12.9+0.29 4.6+0.10 9.70+0.13 10.7 £0.15 64.4+0.35
2 353+1.10 21+0.40 0.46 +0.03 11.1+0.25 4.0+0.03 7.30+0.05 8.30+0.05 61.0+0.09
3 45.6 £0.50 32+0.00 0.44 +0.03 10.9+0.48 43+0.12 7.20+0.38 8.40 +0.38 59.2+0.71
4 37.4+0.20 21+0.00 0.33+0.01 11.8+0.31 4.4 +0.09 8.80+0.33 9.80+0.33 63.6 £0.37
5 32.7+£0.30 33+1.20 0.35 +0.00 7.90 +0.47 2.7+0.07 3.50+0.29 4.50+0.26 52.2+1.64
6 46.6 £0.90 28+0.10 0.43 +0.07 10.2+£0.43 3.5+0.03 5.90+0.17 6.80 +0.16 59.6 +0.83
7 48.1£0.70 29+0.90 0.43 +0.01 12.5+0.48 53+0.12 10.0+£0.14 11.4+0.17 62.1£0.42
8 56.5 +1.60 42 +£2.40 0.38 +0.02 12.8 £0.67 52+0.13 10.2+0.44 11.4+045 59.9 +5.63
9 49.2£0.10 32+0.50 0.38 +0.01 12.7+043 47+0.12 8.60 +0.32 9.80 +0.34 61.2+0.36
10 62.1+2.20 47 £1.70 0.50+0.03 123 +0.51 5.3+0.05 10.2+0.35 11.6+0.34 62.8 £0.65
11 63.1£1.10 41+0.30 0.51+0.02 15.2+0.14 5.7+£0.02 11.9+0.15 13.3+0.14 64.3 £0.26
12 146 +4.40 67 £2.10 0.80 +0.01 147 +1.21 5.8+0.27 11.4+0.73 12.8 £0.77 63.2 £0.61
13 954+11.0 34+1.20 1.81+£0.01 15.7+£0.43 6.2 +£0.09 13.9+£0.25 15.2+0.25 66.1 +0.30
14 53.2+£1.90 45 +0.00 0.44 + 0.06 13.7+0.74 5.0+0.10 10.3+£0.27 11.4+0.28 64.2 £0.29
15 119+2.60 71+0.30 0.44 +0.04 13.4+0.55 4.8 +0.02 10.7 £0.37 11.7+0.34 65.6 £ 0.65
16 78.5+1.30 50+1.00 0.39 £ 0.00 14.5+0.87 5.8+0.14 12.4+0.63 13.7£0.63 64.9 £0.59
17 73.1+1.00 41+0.30 0.39+0.01 13.8+0.16 5.1+£0.06 114+1.75 11.6 £0.42 64.1 £0.76
18 169 £ 6.20 71+3.80 0.52 £0.01 14.4+0.70 6.2+0.13 14.1+047 15.4+0.48 66.4 £0.27
19 54.7 +0.30 135+£3.0 0.39+0.02 13.9+0.81 5.3+0.19 10.9+0.52 12.1+0.55 64.2 £0.34
20 943 £2.50 60 +2.60 0.48 +0.00 12.2+0.37 52+0.10 9.80+0.23 11.1+0.24 62.0+0.42
21 46.8 +1.00 28 +£0.90 0.33£0.01 11.0£0.79 4.6+0.13 8.80 £ 0.60 9.90 £ 0.58 62.1+£1.13
22 113+£0.40 70 £0.60 0.45 +0.01 12.9+0.10 4.5 +0.02 8.60+0.17 9.70+0.15 62.2£0.51
23 146 £5.30 77 £1.90 0.53 £0.02 11.7 £0.36 5.1+£0.03 9.90+0.11 11.1 £0.09 62.7 £ 0.40
24 154 +5.30 70 +2.60 0.60+0.12 13.5+0.48 53+0.11 10.7 £0.27 11.9+0.29 63.6+0.13
25 50.4 +1.20 40 +1.80 0.37 £0.02 11.2+£0.69 4.5 +0.09 8.10£0.49 9.2 £0.47 61.0 £1.05
26 119+ 1.60 56 £0.20 0.41+0.03 15.9+£0.69 5.4+0.05 123 +0.20 13.4+0.20 66.3 £0.26
27 147 £3.20 68 £0.80 0.53+£0.03 13.2+0.20 5.0+0.03 9.80+0.10 11.0£0.07 62.8 £0.37
28 154 +£4.40 72 £0.60 0.53+0.03 15.3+0.26 5.8+£0.07 124+0.23 13.7+0.24 64.8 £0.22
29 95.9 +0.40 49 £2.50 0.38 +0.02 15.5+0.25 6.3 £0.02 13.9+0.09 15.3+£0.08 65.5+0.15
30 76.6 £ 0.90 51+0.60 0.51+0.01 104 +0.37 4.8 +0.02 8.30+0.18 9.60 +0.15 59.8 +0.57
31 68.1 +1.60 52+1.10 0.37 £ 0.01 104 +£0.53 5.0+0.14 9.00 £ 0.39 103 £0.41 60.9 + 0.40
32 70.7 +2.20 53+1.30 0.50+0.03 154+043 6.2 +£0.08 13.3+0.34 14.8+0.33 65.1£0.29
33 63.6 +0.80 47 £0.30 0.38 £+ 0.03 13.3+0.96 5.0+0.16 104 £0.52 11.6£0.54 64.2 £0.44
34 43.6 £0.50 33+0.60 0.42 +0.01 12.7+£0.75 5.5+0.15 11.1+£047 12.4+0.49 63.6 £0.34
35 95.8+2.80 58+1.20 0.74 +0.05 13.2+0.56 5.5+0.10 10.5+£0.30 11.8+0.30 62.5+0.36
36 72.3+£2.00 41 +£0.60 0.36 +0.00 12.2+0.22 5.3+0.01 10.6 £0.22 11.8+0.20 63.6 £ 0.44
37 41.1+£0.50 32+1.00 0.34+0.03 15.5+0.46 5.6 £0.09 12.9+0.15 14.0+0.17 66.3£0.12
38 23.3+0.00 18+0.10 0.32 +0.00 10.1+£0.35 4.0+0.07 6.50+0.48 7.60 +0.43 58.5+1.65
39 139+£0.20 68 +1.80 0.43 +0.01 17.5+0.31 6.8 £0.15 154+0.33 16.9+0.31 65.9 £0.38
40 114+£0.40 80 +0.40 0.48 £ 0.01 142 £041 5.7£0.07 12.3+0.30 13.6 £0.29 65.3+£0.29
41 98.2 £3.00 64 +1.50 0.38 £0.00 15.6+0.12 5.9+0.05 12.9+0.21 14.1+0.21 65.4+0.20
Soluble
42 847 +£4.90 49+0.70 2.82+0.20 18.1+0.68 5.6+0.14 14.6 £ 0.36 15.6+0.39 69.0 +0.22
43 1144 +0.40 37+0.40 293+0.14 143 +0.79 7.5+0.18 143 +0.87 16.1+0.84 62.3£0.95
44 1756 £16.0 72 +£2.00 2.66 + 0.09 26.1+0.64 7.1+£0.17 22.8+0.70 23.9+0.72 72.7+0.19
45 1119+42.0 43 +1.00 2.39+£0.11 26.1£0.22 7.1+0.05 23.5+0.24 24.5£0.22 73.3+0.21
46 1196 +20.0 33+0.70 2.71+0.10 145+0.28 7.6 £0.18 14.6 £0.29 16.4+0.34 62.3+0.10
47 654 +12.0 39+1.40 0.38 +0.01 23.6+0.23 6.6 £0.03 19.4+0.19 20.5+0.18 71.3+0.18
48 1761 +£132 84 +4.30 2.58 +0.04 28.1+1.11 8.4+0.21 254 +0.58 26.7 £ 0.61 71.7 £ 0.06
49 4112 + 250 128 £3.00 2.52+0.10 245+0.14 7.3+0.04 22.3+0.26 234+0.23 71.8+0.28
50 1658 + 111 108 £4.00 2.58+0.14 26.5+0.31 8.2+0.09 244+0.37 25.7+0.38 71.5+0.11
51 1906 + 25.0 90 +16.30 2.57+0.16 26.5+0.27 8.1+0.01 25.2+0.16 26.5+0.17 722+0.14
52 1567 +17.0 96 +16.50 2.25+0.01 13.0£0.74 4.7+0.13 8.90+£0.51 10.0+0.51 62.0 £0.93
53 1753 £13.0 114+£3.90 2.49 +0.06 242 +0.58 7.9+0.12 21.8+0.36 23.2+0.37 70.2+0.11
54 32.1+£0.50 26+£0.90 0.71+£0.03 12.8 £0.37 4.8 £0.02 10.1£0.25 11.2+0.23 64.7 £0.52
55 717 £2.20 27 £0.40 2.58 £0.14 19.3+043 5.9+0.08 17.2+0.21 18.2+£0.21 71.1£0.16
56 1005 +5.20 41+0.50 2.99+0.21 20.6 +0.59 6.1+0.09 17.4+0.40 18.4+041 70.6+0.17
57 1278 £43.0 21+£1.20 2.92+0.14 22.2+0.27 6.6 £0.03 19.7 £0.07 20.8 £0.06 71.6+0.10
58 158 £5.60 32+0.90 3.06 £0.05 17.1£0.29 5.9+0.05 15.1£0.10 16.2 £ 0.08 68.7 £ 0.30
Table 4
Pearson’s correlation coefficients (r) between antioxidant capacity and TP, HMF, furfural, Bl and color parameters in Colombian commercial coffees.
FRAP TP HMF Furfural BI L c h
ABTS 0.9242 0.8348 0.6941 0.1238 0.8454 0.6666 0.5309 0.6413 0.6522
FRAP - 0.8386 0.7155 0.1151 0.8405 0.6753 0.5452 0.6575 0.6248

" Significant at p < 0.05.

ground coffees (27.0 mg/kg). Similar results were exhibited by
Vignoli et al. (2014) who also found higher HMF and furfural
contents in light roasted coffees due to the decrease of these com-

pounds as the degree of roasting is more intense. These authors
found HMF and furfural contents up to 2300 and 300 mg/kg,
respectively in ground Arabica coffees. Arribas and Morales
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Fig. 2. Clusters formed from Colombian coffee samples according to PC1 and PC2.

(2010) reported HMF contents of 110 and 625 mg/kg in natural
ground coffees and in blend, respectively. These values are in
accordance with those reported for ground natural coffees in the
present study; however regarding blend coffees values were lower.

Lyophilized coffees displayed the higher (p < 0.05) HMF and fur-
fural contents (1982 and 94.7 mg/kg, respectively) regarding to
soluble samples (972.8 and 37.7 mg/kg, respectively). Sample 49
showed the highest values for HMF and furfural contents. It is
noteworthy to mention that sample 49 exhibited the highest val-
ues also for AC and color parameters; therefore it could be assumed
that the lyophilization process could promote these results. It has
been shown that higher toasting temperature, the HMF and F are
degraded (Vignoli et al., 2014), so that during the lyophilization
these compounds can be preserved, due to low process tempera-
tures with respect to the high temperatures of a conventional

drying process. Significant differences (p <0.05) were found in
HMF contents between DO and other ground coffees (130.0 Vs
221.4 mg/kg, respectively), however no significant differences
(p > 0.05) were found in furfural (52.4 Vs 49.5 mg/kg, respectively).

The results obtained in the present study are in agreement with
those found in literature (Capuano & Fogliano, 2011; Vignoli et al.,
2014). Variations can be explained by the different species and
varieties used in the mixtures as well as the processing conditions,
especially in the decaffeination and processing of soluble coffees
(Rodrigues & Bragagnolo, 2013).

A positive and significant (p <0.05) correlation was found
between AC and HMF contents (Table 4). However, no correlation
was found between furfural and AC. The high correlation between
HMF and AC can be explained for the AC of HMF, which is similar to
that of 2,6-dibutyl-4-methylphenol and a-tocopherol (Shinghara,
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Macku, & Shibamoto, 1998). Flavored coffees did not show a trend
or effect in AC, HMF and furfural content and other parameters in
relation with other coffee samples.

3.5. Principal components analysis (PCA) and cluster analysis (CA)

In this study, two principal components (PCs) were obtained
which explains 81.45% of total variance. Fig. 1 shows the biplot
(PC2 vs. PC1) of coffee samples and variables. PC1 which explains
69.6% of the total variance, has influence of color parameters
(L*, a*, b*), HMF, BI, and AC (FRAP, TP and ABTS), in addition there
is a positive correlation between the mentioned variables, which
implies a relation between AC, non-enzymatic browning and color.
PC2 explains 11.87% of the variance which is mainly characterized
by furfural content (Fig. 1); therefore, according to this analysis,
furfural possibly is not related directly with AC, color development
and other indicators of non-enzymatic browning. PCA clearly
formed two groups of samples, namely in the right side of the
Fig. 1 were placed soluble coffees and in the left side, ground
coffees.

CA was performed based on the principal components analysis
(PCA). Fig. 2 shows the distribution of samples inside the clusters
according to PC1 and PC2, in which four clusters were formed.
CA confirmed the clear separation between ground (Cluster II
and IV) and soluble coffees (Cluster I and III), and coffees with high
furfural content (Cluster I and II) and coffees with low furfural con-
tent (Cluster III and IV). Cluster I and III are mainly composed by
soluble decaffeinated and lyophilized coffees, suggesting that these
processes are not important variables in explaining the progress of
non-enzymatic browning, color and AC. Cluster II and IV are
formed mainly by coffee ground samples with light, medium and
dark roasting degree, which leads to that the roasting degree pos-
sibly does not take an important role in the classification of sam-
ples according to the PCs used. Soluble coffees present higher
values in color parameters, Bl, HMF, and AC than ground coffees;
furfural seems to be a variable which does not depend on the other
variables.

4. Conclusions

Coffees commercialized in Colombia show a wide range of AC,
HMF and furfural contents, color parameters and Bl. AC has a pos-
itive and significant correlation with BI, HMF and color parameters
what confirms the interdependency of these variables. Soluble cof-
fees present significant higher AC, color parameters and BI than
ground coffees due to the presence of soluble compounds as mel-
anoidins and HMF. Lyophilized samples show the higher contents
in HMF, AC, BI and color parameters. Except for the differences
between soluble and ground coffees, no significant differences
exist in AC regarding to degree of roasting, origin, organic, flavored,
decaffeinated, lyophilized, and torrefacto coffee samples analyzed
in the present study. Furfural is not related to any of the variables
analyzed.
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