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Abstract The development of the germination process
and drought stress during the drying of coffee can generate
reactive oxygen species, which can be neutralized by way
of antioxidant mechanisms. No studies related to antioxi-
dant enzymes during the drying of coffee were found in the
literature, and considering their importance, the enzymatic
activities of superoxide dismutase (SOD), guaiacol perox-
idase (GPOX) and glutathione reductase (GR), and also the
hydrogen peroxide content were evaluated during the
drying of two types of coffee bean, one processed as nat-
ural coffee and the other as pulped natural coffee. The
results showed a reduction in the SOD, GPOX and GR
enzymatic activities of the natural coffee as compared to
the pulped natural coffee during the drying period. More-
over, the hydrogen peroxide content of the natural coffee
was greater than that of the pulped natural coffee. These
results suggest the development of oxidative stress during
the coffee drying process, controlled more efficiently in
pulped natural coffee by the early action of GPOX during
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the drying process. Nevertheless, differential responses by
SOD isoenzymes and possibly the role of other peroxidases
also appear to be involved in the responses observed.
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Introduction

The coffee drying process is a fundamental aspect and
determinant for the quality of the beverage, such that
critical care taken cultivation, harvesting and processing of
the fruits may be lost if the drying process is not carried out
correctly. The moisture content of the beans in freshly
picked coffee fruit is about 49-58 %, whereas after drying
it drops to approximately 12 % [1, 2].

Coffee fruits can be processed as natural coffee (dried
non-pulped fruit), pulped natural coffee (dried pulped fruit)
and pulped coffee (dried after fermentation of the pulped
fruit). The basic difference among these processes is the
preparation of the coffee fruits before the drying phase; for
natural coffee, the whole harvested fruits are dried to the
desired moisture; for pulped natural coffee (CD), the har-
vested fruits are peeled and the grains that are covered by
the parchment and by most of the mucilage are dried; for
pulped coffee, the harvested fruits are also peeled, but the
mucilage that covers the grains is hydrolyzed, usually by
natural fermentation under water. After the fermentation
period, the water is drained and the wet parchment grains
are left to dry. Some studies carried out during the drying
of coffee beans have shown the development of the ger-
mination process and drought stress [3—5]. This means that
the respiration process continues in the coffee beans, which
could facilitate the generation of reactive oxygen species
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(ROS), such as the superoxide anion (O, ), hydroxyl rad-
ical (OH), singlet oxygen (O3) and hydrogen peroxide
(H,0,), leading to significant damage to the cell structure
[6].

Plants have developed enzymatic and non-enzymatic
defense systems for the detoxification of ROS. The non-
enzymatic system consists of ascorbate, glutathione, alka-
loids, phenolics and carotenoids, among others [7],
whereas the enzymatic system includes a wide range of
enzymes such as superoxide dismutase (SOD), catalase
(CAT), guaiacol peroxidase (GPOX), ascorbate peroxidase
(APX) and glutathione reductase (GR) [7-10], among
others.

Several studies have been carried out during drying to
evaluate the contents of glutathione, ascorbate, free fatty
acids, sugars and y-aminobutyric acid and also to examine
the integrities of the membrane and cell wall [1, 11-14].
However, to the best of our knowledge, studies related to
the evaluation of antioxidant enzymes during the drying of
coffee beans are not available.

Thus, the aim of the present study was to follow the
behavior of some antioxidant enzymes, which have been
shown to have a major role in oxidative stress responses,
during coffee drying. Coffea arabica var. IAC Mundo
Novo fruits were harvested and processed as natural coffee
(CN) and pulped natural coffee (CD). During the drying
process, the SOD, GPOX and GR activities were deter-
mined, and also the hydrogen peroxide content. In this
study, natural coffee and pulped natural coffee were used
because they represent the coffees of Brazil, and their
production requires less water than pulped coffee.

Materials and methods
Sample preparation

Ripe C. arabica cv. IAC Mundo Novo fruits were picked
and selected (5 kg) at the Campinas Agronomic Institute,
Campinas, Sao Paulo, Brazil. Half of the fruits were pro-
cessed as natural coffee and the other half as pulped natural
coffee. The processed coffee samples were sun-dried to
approximately 12 % moisture. During the drying period,
the temperatures ranged between 20.7 and 38.6 °C and the
air moisture between 21 and 62 %.

SOD, GPOX and GR activities and the production of
hydrogen peroxide were determined in the beans from the
freshly harvested fruits (start of drying) and at four dif-
ferent bean moisture levels. The samples of natural coffee
were designated as: CN40, beans at 41 % moisture after
5 days of drying; CN30, beans at 25 % moisture after
6 days of drying; CN20, beans at 15.5 % moisture
after 8 days of drying; and CN10, beans at 11.7 % moisture
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after 13 days of drying. The samples of pulped natural
coffee were designated as: CD40, beans at 42.4 % moisture
after 2 days of drying; CD30, beans at 29.5 % moisture
after 5 days of drying; CD20, beans at 16.4 % mois-
ture after 6 days of drying, and CD10, beans at 11.3 %
moisture after 8 days of drying.

Moisture determination

The moisture content was determined by drying 5 g of
sample at 105 °C to constant weigh. [15].

Protein extraction and quantification

Approximately 50 g of sample at each moisture content
level was frozen in liquid nitrogen and maintained at
—80 °C for subsequent protein extraction. The protein was
extracted at 4 °C using 2 g of sample, 0.3 g polyvinyl-
polypyrrolidone (PVPP) and 10 mL 100 mmol L™ potas-
sium phosphate buffer (pH 7.5) containing 10 mmol L™"
ethylenediaminetetraacetic acid, 3 mmol L~ dithiothreitol
and 57 mmol L™" ascorbic acid. The protein extract was
eluted using a PD 10 column (Amersham Biosciences) and
kept frozen at —80 °C [16, 17]. The protein content of each
extract was determined according to Bradford [18] using
bovine serum albumin (BSA) as the standard.

Determination of enzymatic activity

The assays for the determination of all enzyme activities
were carried out with the samples prepared as described
above and whose protein concentrations were determined
by the Bradford method.

Superoxide dismutase activity (SOD) was determined
on native PAGE as described by Andrade et al. [19]. The
electrophoretic analysis was carried out in 12 % acrylam-
ide gels (w/v) and 50 pg of protein applied to each lane.

Guaiacol peroxidase (GPOX) activity was determined
according to Matsuno and Uritani [20] using 50 pL of
protein extract. The results were expressed in units
(U) where one (1) enzyme activity unit corresponded to an
increase of 0.001 in absorbance per min.

Glutathione reductase (GR) activity was determined
according to Cia et al. [16] using 50 pL of protein extract,
and the results were expressed as pmol min~' mg™'
protein.

Hydrogen peroxide quantification

The hydrogen peroxide and other peroxy species that might
eventually be present in the extracts were extracted and
described previously by Monteiro et al. [21] and quantified
in 1 g of sample ground in a mortar with liquid nitrogen
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and extracted with 6 mL of 1 % (w/v) trichloroacetic acid 250
and 0.2 g of PVPP. Briefly, after extraction, the samples & a0 ‘} 1 x
were centrifuged at 10,000g for 15 min at 4 °C. The super- % 3z
natant was removed and a 0.2 mL aliquot mixed with 0.8 mL S :; 150
1 mol L™" potassium iodide and 0.2 mL 100 mmol L™ $8 i I
potassium phosphate buffer (pH 7.5). The hydrogen perox- ;21 g
ide was quantified spectrophotometrically at 390 nm [22], T 050
and the results were expressed as mg 100 g~ dry weight - |
(d W) Samples FRUIT | CN40 | CN30 | CN20 | CN10 | CD40 | CD30 | CD20 | CD10
B Moisture (%) | 505 | 41 25 | 155 | 117 | 424 | 295 | 164 | 113
Time of drying
(days) start 5 6 8 13 2 5 3 8

Statistical analysis

All the determinations were carried out in triplicate and
analyzed independently for each coffee (CN and CD) by
ANOVA and the Tukey test (p < 0.05), using the Statistica
software package (v10, Statsoft).

Results and discussion

The coffee beans of the freshly harvested fruits had a
moisture content of 50.6 %, which was reduced to 11.7 and
11.3 % in the natural and pulped natural coffees, respec-
tively, by the end of the drying period. These values are
within the range used for trading coffee [23].

Some studies reported in the literature have shown the
development of the germination process and drought stress
during the drying of coffee beans [3-5]. These events
represent a level of metabolic activity that could lead to the
generation of ROS, including hydrogen peroxide (H,O,),
which was quantified in the present study not only because
it is a ROS and its increased production may indicate an
oxidative stress condition, but also due to its important role
in cell metabolism as a signaling molecule. A higher
concentration of H,O, was found during the drying of
natural coffee as compared to that of pulped natural coffee
(Fig. 1), but beans from both processes showed lower
concentrations at the end of the drying process than at the
beginning (fruit). This decrease may be associated with
some antioxidant protection mechanism [6]. Hydrogen
peroxide production has also been found in other foods
such as tea (3.6-4.8 uM mg ™" of fresh weight) [24], apple
(1.03 pmol g~' of fresh weight), strawberry fruit (2.45
pmol g~ of fresh weight) and spinach (1.98 pmol g~' of
fresh weight) [25]. Values of H,O, between 15 and
20 umol g~ fresh weights for pea and wheat leaves have
been reported before a stressful condition, while these
values were increased (25-30 pmol g~' fresh weights)
after UV-B irradiation [22]. The results found were recal-
culated in fresh weight to compare with the data of the
literature. In this study, H,O, concentrations for CN and
CD before the drying process were 250 pmol g~' fresh

Fig. 1 Hydrogen peroxide content (mg 100 g~', d.w.) in the natural
coffee (CN) and pulped natural coffee (CD) beans during drying: start
of drying (Fruit), natural coffee after 5 days of drying (CN40), natural
coffee after 6 days of drying (CN30), natural coffee after 8§ days of
drying (CN20), natural coffee after 13 days of drying (CN10), pulped
natural coffee after 2 days of drying (CD40), pulped natural coffee
after 5 days of drying (CD30), pulped natural coffee after 6 days of
drying (CD20) and pulped natural coffee after 8 days of drying
(CD10)

weight, while after drying, values of 390 and 350
pmol g~' fresh weights, respectively, were obtained.
According to the results of the electrophoretic analysis,
the activity of SOD showed an oscillatory behavior during
drying, as shown by the intensity of band IV in Fig. 2.
Moreover, the enzyme appeared to be more active during
the first days of drying in the pulped natural coffee (CD40)
than in the natural coffee (CN40), which clearly exhibited a
continuous increase in SOD band intensity during drying,
indicating alteration of the redox balance and possibly an
increase in H,O, production. However, H,O, exhibited a
reduction in concentration during the drying process in CN
(Fig. 1). These results for CN suggest that the drying
process is inducing an oxidative condition based on SOD
activity, but the expected H,O, increased production as a
result of the increased SOD activity appears to be under
control by the action of other peroxidases, such as GPOX
(Fig. 3), or even other peroxidases not measured in this
study. When SOD activity in CD was concerned (Fig. 2),
the trend was completely different from CN samples since
SOD activity was higher at CD40 exhibiting a continuous
reduction in activity by all four isoenzymes, but mainly
SOD 1V, at CD30 and CD20, but at CD10, a shift occurred
with SOD IV isoenzyme activity recovering the activity
level of CD40, while SOD I, II and III activities were
reduced (Fig. 2). The results for CD samples appear to
suggest that less H,O, was produced during drying, indi-
cating a reduced oxidative condition, nevertheless in the
case of CD a high GPOX activity was observed and also
varied, opposite to the SOD activity pattern observed
(CD10), revealing that GPOX and possibly other peroxi-
dases may have acted to maintain the H,O, levels within
the normal cell levels as observed in Fig. 1. Alterations in

@ Springer



756

Eur Food Res Technol (2013) 236:753-758

1 2 3 4 5

Fig. 2 Superoxide dismutase (SOD) activity in coffee beans pro-
cessed as pulped natural coffee (CD) and natural coffee (CN) during
drying. 1, standard bovine SOD; 2, start of drying (Fruit); 3, pulped
natural coffee after 2 days of drying (CD40); 4, pulped natural coffee
after 5 days of drying (CD30); 5, pulped natural coffee after 6 days of

SOD activity also depend on the cellular compartment in
which the isoenzymes are located. It has been widely
reported in the literature that the different classes of SOD
isoenzymes are located in distinct cell organelles so that it
may also affect the response to the stress induced [7].

It is also important to comment that the number of SOD
isoenzymes (4 bands) in the present study coincided with
the number of bands reported in the literature at the end of
the drying of coffee beans [26]. However, the number of
SOD isoenzymes was significantly smaller than that
reported for coffee cell suspension cultures, in which up to
9 distinct isoenzymes were observed [27].

The natural coffee (CN) exhibited GPOX and GR
activities throughout the whole drying process (Fig. 3).
Although statistically for GPOX activity no changes were
observed during the drying period when compared with the
sample with 50.6 % moisture, there is a trend for increased
GPOX activity up to CN30 which is followed by reduction
in activity at CN20 and CN10. On the other hand, a
decrease in the GR activity was observed (p < 0.05) when
comparing the samples with moisture contents of 41 and
11.7 % with those at the start of drying.

Although increases (p < 0.05) in both the GR and
GPOX activities were observed in the pulped natural coffee
during drying, the change in GPOX activity was more
pronounced (Fig. 4). As a matter of fact, the changes in
GPOX and GR observed for CD are quite clear and
exhibiting similar trends although slightly less synchro-
nized in time. For instance, GR activity was quickly
increased at CD40 which was then followed by a contin-
uous reduction in activity, whereas for GPOX activity, the
increase in activity was more significant already at CD40
continuing up to CD30, which was then followed by a
drastic reduction in activity at CD20 and CD10. Although
the trend in enzyme activity was similar for both enzymes,
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drying (CD20); 6, pulped natural coffee after 8 days of drying
(CD10); 7, natural coffee after 5 days of drying (CN40); 8, natural
coffee after 6 days of drying (CN30); 9, natural coffee after 8 days of
drying (CN20); 10, natural coffee after 13 days of drying (CN10)

140
[] Glutathione Redutase (umol min® mg* protein)
1.20 4 [ Guaiacol Peroxidase (U)
1.00 4
0.80 1
0.60 1
040 4
0.20 4
0.00
Samples FRUIT CNan CN30 CN20 CN10
Molsture (4) 506 41 26 155 nr
Time of drying
(days) start 5 B 8 13

Fig. 3 Glutathione reductase (umol min~' mg~" protein) and guai-
acol peroxidase (U) activities in natural coffee endosperm during
drying: start of drying (Fruit), natural coffee after 5 days of drying
(CN40), natural coffee after 6 days of drying (CN30), natural coffee
after 8 days of drying (CN20), and natural coffee after 13 days of
drying (CN10)

these results initially indicate that the response was more
rapid and intense for GPOX and that GPOX appears to
have a more significant role in the response to the drying
process in CD coffee.

The differences in the activities of GR and GPOX
between the CN and CD coffees may have been a conse-
quence of the absence of pulp in the CD coffee, favoring
the effect of the sun directly on the endosperm during the
drying process. A study related to the effect of UV-B
illumination and drought on pea and wheat seedlings
showed that a greater increase in antioxidant enzyme
activity was caused by UV-B light than by drought [22]. In
addition, the natural coffee pulp contains enzymes, phe-
nolic compounds, sugars and water [28-30], which would
provide different stimuli for the two types of coffee bean
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Fig. 4 Glutathione reductase (jtmol min~' mg~' protein) and guai-
acol peroxidase (U) activities in pulped natural coffee endosperm
during drying: start of drying (Fruit), pulped natural coffee after
2 days of drying (CD40), pulped natural coffee after 5 days of drying
(CD30), pulped natural coffee after 6 days of drying (CD20) and
pulped natural coffee after 8 days of drying (CD10)

during drying, causing different enzymatic behaviors for
the CN and CD coffees.

The decrease in GPOX and GR activities at the end of
drying in CD samples in relation to CD40 and CD30 may
be related to the effect of low moisture in the coffee bean
(Fig. 4). Furthermore, the loss of moisture can cause
dehydration of the proteins allowing for conformational
changes, which can lead to loss of enzymatic function [8].
Another possibility is that due to the loss of water, the
bonds between the enzymes and the phenolic compounds
increased the molar ratio of protein versus phenolic com-
pounds dramatically, which could inhibit the enzymatic
activity by allosteric denaturation [31]. Moreover, the
decrease in GR activity at CD20 and CD10 was even
reduced to levels below the fruit start control.

The lower concentrations of H,O, measured in the CD
coffee during the drying (Fig. 1) may be due to the
higher GR and GPOX activities observed. On the other
hand, for the CN coffee, the decrease in H,O, content at
the end of drying could be explained by the presence of
the enzyme catalase (CAT), which was shown to be
active in Robusta coffee beans after drying [32]. More-
over, the participation of other peroxidases, such as
ascorbate peroxidase, which have not been measured in
this study, but could be involved in breaking down H,0,,
cannot be ruled out. Another alternative for this behavior
could be the formation of hydroxyl radicals from H,O,,
considering the presence of Fe and the possibility of the
formation of the superoxide anion during respiration in
coffee beans.

The presence of stress markers, such as y-aminobutyric
acid, maximal expression of the dehydrin gene (marker
correlated with several types of stress conditions) and
losses of glutathione and ascorbate during coffee drying,
has been reported in the literature [1, 3, 11]. Such changes

in ascorbate and glutathione may be directly related to the
changes observed in GR activity in the present study, but
also suggest that other enzymes of the ascorbate—glutathi-
one cycle may be affected and should hence be the focus of
future investigations.

In conclusion, it appears that the drying process leads to
an oxidative stress condition in both, CN and CD, which is
better handled in the CD coffee primarily due to the action
of GPOX, with a reduction in H,O,. Nevertheless, differ-
ential responses by SOD isoenzymes and possibly the role
of other peroxidases appear to be also involved in the
responses observed.
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