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ABSTRACT
Ozone is used in many countries for the treatment of effluents, becoming a viable alternative
in sanitation of coffee wastewater. However, the strong ozone oxidation, responsible for its
germicidal effect, can also compromise grain and beverage quality. The objective of this
study was to evaluate the quality of Arabica coffee in different periods of treatment with
ozonated water and its effect after drying. Coffee fruits were subjected to ozonation at regular
intervals of 0, 5, 10, 20, and 30 min, with continuous stirring promoted by a recirculating
water system at constant rate of 1 ppm of solubilized ozone. The design was completely
randomized with five treatments and four replicates. After obtaining the data, the analysis
of variance was performed and means were compared by Tukey test (p ≤ 0.05). The results
showed a partial reduction of fungi after washing with ozonated water, but the same effect
was not observed after drying. For coffee quality analysis, the longest times of exposure to
the solubilized gas in the water produced some negative results in electrical conductivity
and total and reducing sugars. However, the sensory quality of the beverage was maintained.
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Água ozonizada no tratamento
pós-colheita dos frutos do café
RESUMO
O ozônio é utilizado em muitos países para o tratamento de efluentes tornando-se uma
alternativa viável no saneamento da água residuária do café porém a forte oxidação do
ozônio, responsável pelo seu efeito germicida, também pode comprometer a qualidade do
grão e da bebida. Propôs-se, neste trabalho, avaliar a qualidade do café arábica em diferentes
períodos de tratamento com água ozonizada e verificar seu efeito após a secagem. Os
frutos de café foram submetidos durante 0, 5, 10, 20 e 30 min de ozonização, com agitação
contínua promovida pelo sistema de recirculação da água em taxa constante de 1 ppm
de ozônio solubilizado. O delineamento foi inteiramente casualizado com 5 tratamentos
e 4 repetições. Após obtenção dos dados foi realizada a análise de variância e as médias
comparadas pelo teste de Tukey (p ≤ 0,05). Os resultados mostraram a redução parcial de
fungos após a lavagem com água ozonizada, porém não foi verificado o mesmo efeito após
a secagem. Para as análises de qualidade do café os maiores tempos de exposição ao gás
solubilizado na água proporcionaram variações negativas na condutividade elétrica e nos
açúcares totais e redutores; entretanto, a qualidade sensorial da bebida se manteve.
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Introduction
The coffee washing operation is basically a separation
of the fruit in two batches: cherry and green, a denser fruit,
and float, a less dense fruit, based on bulk density difference
(Borém et al., 2008).
After performing the coffee washing, fruit drying is
considered one of the critical points in the quality of the final
product. This is because some fungi species may associate with
the grains and cause undesirable post-harvest changes (Ferreira
et al., 2011). According to Silva et al. (2013) and Iamanaka
(2014), the most common fungi that cause deterioration of the
grains are Aspergillus species, Cladosporium spp. (at least two
species), Fusarium spp. (at least six species), Phomaherbarium
and the Penicillium genus.
The great advantage of its use, in relation to other sanitizing
agents, is that ozone acts directly in microorganism cell walls,
prevents the recovery of microorganisms after the attack and
does not leave residual chemicals in the food (Chiattone et
al., 2008).
The treatment with ozone at low doses may not be effective
in the decontamination of the grains. At high dosages, ozone
can promote the oxidation and deterioration of chemical
constituents present in the grains, such as starch loss, lipid
oxidation, protein modification, discoloration or loss of seed
germination (Isikber & Athanassiou, 2014).
Some studies have sought to correlate the maintenance of
chemical and physico-chemical quality of coffee beans, along
with the sensory quality of the beverage during post-harvest of
the product (Borém et al., 2008). Among these highlights, there
is the analytical quantification of sugar, phenolic compounds,
electrical conductivity, potassium leaching and proof of cup
(Saath et al., 2014).
The objective in this study was to evaluate the quality of
Arabica coffee in different periods of treatment with ozonated
water and its effect after drying.
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reducing fungi in coffee fruits. Then, the coffee was taken for
drying in suspended stands simulating the drying terraces to
reach approximately 12% moisture content (w.b.).The tickler
of the grains was performed three times a day with the use of
gloves by treatment, avoiding contamination between different
times.
The drying air remained at 70.2% and 16.58 °C of relative
humidity and average temperature, respectively, enabling the
drying of coffee fruits in 10 days.
After drying, fungal count and coffee quality analysis were
performed at the Laboratory of Fruit and Vegetable at the
Faculty of Agricultural Sciences - FCA, UNESP.
An ozone generator (Degradatox/OZ Engineering) was
used containing a centrifugal motor with water recirculation to
perform ozone homogenization in the tank, with dimensions
of 0.46 x 0.53 x 0.80 m (height x length x width), as described
in Figure 1.
During the experiment, fractions of 50 mL of water were
collected and analyzed for the amount of ozone solubilized in
the tank, using digital ozone meter Chemetrics, a brand that
uses the principle of spectrophotometry.
The fungal count was performed by the plating method in
Gerboxes, using a blotter paper moistened with distilled water.
Approximately, 12 grains from each sample were incubated and
placed in a BOD (Biochemical Oxygen Demand) incubator
at the temperature of 25 °C for seven days. After the specified
period, the plates were examined under a stereomicroscope to
identify the toxigenic fungi (Brasil, 2009).

Material and Methods
The experiment used about 480 L of farm coffee, from the
Catuai Red variety. After harvesting, the grains underwent the
separation process of green coffee, cherry and floats on the
farm, through a washer.
The fruits with approximately 60% moisture content
(wet basis, w.b.) were taken to the Biosciences Institute at
the Department of Chemistry and Biochemistry of UNESPBotucatu, for ozonation. Before each treatment, one ozonation
was performed for 10 min, in order to saturate the ozone into
the water and keep it constant at 1 ppm.
The treatments used approximately 2 kg of coffee for each
sample, placed on mesh plastic bags with 0.015 x 0.05 m mesh,
which was placed in the ozonator tank with a volume of 0.105
m3 and, sequentially, the coffee was subjected to different
treatment periods (0, 5, 10, 20, and 30 min). The device
does not allow varying the concentration of 1 ppm; thus, the
treatments were chosen with maximum of 30 min to simulate
field conditions.
Immediately after the ozonation, the first fungal count
was performed, in order to verify the potential of the gas in

Figure 1. Inside view of the ozonator tank and water
circulation system (A). External view of the ozone generator
and ozonator tank used in the experiment (B)
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Grain quality was analyzed based on fatty acidity, electrical
conductivity, potassium leaching, total and reducing sugars,
phenolic compounds and sensory analysis.
The evaluation of fatty acidity was performed according to
procedures determined by AACC (1995).
The electrical conductivity of raw grains was determined
by adapting the methodology proposed by Krzyzanowsky
et al. (1991). After determining the electrical conductivity
results, aliquots were taken from each sample of solutions for
determining the amount of potassium ions leached in the raw
grains. Following the method proposed by Prete (1992), this
determination is made with the aid of a flame photometer.
Total and reducing sugars were obtained by the SomogyNelson method, described in Somogy (1945), and determined
by the SOMOGY technique. The contents of total and reducing
sugars were determined by spectrophotometry at specific
wavelengths of 490 nm and 520 nm, respectively.
The determination of total phenolic compounds of coffee
was performed according to the method of Folin Ciocalteau,
described by Singleton et al. (1999).
Sensory analysis of the beverage was determined at the
Agronomic Institute of Campinas (IAC) and the coffee was
rated based on numeric criteria, such as flavor and aroma.
Scores were used in determined ranges to characterize the
different beverage groups. The values used were in accordance
with the classification described by SSCA (2012).
In the fungal count process, it was decided to analyze the
percentage results.
The design was completely randomized with five treatments
and four replicates. After obtaining the data, the analysis of
variance was performed and means were compared by Tukey
test (p ≤ 0.05). Statistical analyses were conducted using the
Minitab software (Version 16).

Results and Discussion
The percentage values of grains contaminated with fungi
in coconut coffee samples, soon after ozonation, show that the
ozone application is effective in controlling the fungus of the
genus Fusarium spp., reducing by about 95% the presence of
this species in treatment with 30 min exposure to ozonated
water.
There are reports of this genus as a contaminant of food,
presenting species of mycotoxins producers (Schollenberger
et al., 2005). However, there was no reduction in fungi of the
genus Colletrotrichum spp. (Table 1).
Fusarium spp. is less resistant than other species of fungi to
ozone treatment. According to White et al. (2013), a treatment

with ozone at a concentration of 500 ppm reduced 76% of
the population of Fusarium in corn grain, while there was no
significant reduction in the presence of Cladosporium spp.
Mylona et al. (2014) also found a reduction of Fusarium
spp. in corn; Kottapalli et al. (2005) found that the ozone
treatment may reduce the growth of Fusarium spp.by 24%
after 15 min of gas exposure at concentrations of 11 and 26
mg g-1 in barley malt.
After drying, it was noted that the treatment with ozonated
water was not able to maintain the reduced levels of fungi in
coffee fruits. There was a prevalence of fungi of the genus
Colletrotrichum spp. and Clasdosporium spp. and genus
Rhizotopus spp. in lowest percentages.
During the coffee washing, it was found that ozone reduced
the fungal infestation potential in fruits, which could represent
an advantage in subsequent processing steps, although there
is no residual power in the ozone. However, this initial
sanitization has not translated into a different control for the
next steps, showing no significant differences for infestation
in the tested treatments.
Ozone showed results similar to those of other sanitizers
used in coffee, such as benzalkonium chloride (Favarin et al.,
2004) and sodium hypochlorite solution at 0.05% (Schmidt et
al., 2010). Both authors found that, after drying on terraces,
no significant differences in the control of fungi between
treatments with or without sterilization.
In the grain quality analysis, the free fatty acid content of
the grain did not change significantly between the ozonation
times, as seen in Table 2, as confirmed by Li et al. (2013) and
Chen et al. (2014). This result indicates that alterations in
other components may have induced a protective effect on the
amount of oil present in the coffee grain.
The increased exposure of the fruit to the ozonated water
caused the rise in electrical conductivity, wherein the 30 min
treatment showed the higher electrical conductivity values
according to Table 2, which may be due to oxidation caused
by ozone in the cell membrane providing the increased
permeability of the wall and, consequently, higher electrolyte
leaching in the tissue (Aday & Caner, 2014). The increase
in electrical conductivity was a more sensitive reaction to
membrane damage in comparison to the fatty acid, and it
is possible to observe the effect of the ozonation in longer
exposure times, unlike the fatty acid analysis.
The potassium leaching did not show any differences
between the washing times with ozonated water, as seen in
Table 2. It was expected that the potassium leaching followed
the same trend of the electrical conductivity, by increasing its

Table 1. Percentage values of colonization by fungi in coffee after ozonation and drying
Moments

After ozonation

After drying

Treatments/times (min)
0
5
10
20
30
0
5
10
20
30

Fusarium spp.
72.2
30.6
44.4
11.1
5.5
-
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Colletotrichum spp.
80.5
94.4
94.4
97.2
97.2
94.4
100
100
100
100

Cladosporium spp.
77.7
80.5
61.1
83.3
80.5

Rhizotopus spp.
8.33
33.3
33.3
-

Aspergillus spp.
2.7
-
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Table 2. Chemical and biochemical characteristics of coffee submitted to different ozonation times after drying
Ozonation
times (min)

Fatty acid
mL 100 g-1 DM

0
5
10
20
30
CV (%)

14.56 a
14.44 a
13.69 a
14.13 a
15.00 a
8.59

Electrical
conductivity
μS cm-1 g-1
35.99 aa
39.57 ab
34.98 aa
40.32 ab
46.98 ba
11.72

Potassium
leaching
g kg-1
1.57 a
1.86 a
1.74 a
1.51 a
2.04 a
33.17

Total
sugars
%
9.07 aa
8.23 ab
8.05 ba
7.56 ba
7.48 ba
4.96

Reducing
sugars
%
1.41 aa
1.27 ab
1.13 ba
1.27 ab
1.12 ba
9.94

Phenolic
compounds
mg 100g -1
39.44 a
37.44 a
36.31 a
37.90 a
36.09 a
12.03

Sensory
evaluation
76.50 a
77.75 a
76.62 a
77.12 a
78.06 a
1.41

Means followed by the same letter in the column do not differ by Tukey test (p ≤ 0.05)

level with an increase in exposure to ozonated water because
the coffee grains are with about 40% of potassium ions. Thus,
it is likely that other ions with lower expression in coffee were
leached, such as magnesium, rubidium, copper, manganese,
calcium and iron, among others, which are also present in
coffee (Illy & Viani, 1996).As the data found in Table 2, there
was a reduction in the values of total and reducing sugars with
an increased ozonation time. The treatment with 30 min had
the lowest concentrations of sugars. Possibly, the application
of ozonated water may have oxidized the cell wall of the fruit
and allowed the loss of reducing and total sugars through the
membrane.
Probably, the reduction in the content of total and reducing
sugars in the fruit mucilage due to oxidation caused by ozone
did not allow the sugars present in the mucilage to be fully
transmitted to grain during drying.
The reduction of total sugars was also observed by
Nascimento et al. (2008) in treatments with ozone in pulped
coffees, and Vorne et al. (2012), who found significant decrease
in reducing sugars (glucose and fructose) in potato tubers with
increasing ozone exposure.
There was no change in the content of phenolic compounds,
as described in Table 2. It was expected that the ozone
application could result in an increase in the content of these
phenols because a reaction of defense mechanisms of plants
against the action of cell damage enabled the polyphenol
formation, as described by (Sautter et al., 2011; Ali et al., 2014,
Glowacz et al., 2015). It is likely that the ozone dose applied
was insufficient to promote an increase in polyphenols due to
the deterioration in the cell membrane. Another hypothesis
is that the mucilage of the fruits protected the grain from the
ozone action, with no observed effect on the production of
polyphenols after drying.
In the sensory evaluation of the beverage, according to
Table 2, the grains did not suffer noticeable changes between
the treatments and the values that remained near 77 of
the beverage quality, namely of hard beverage coffees, are
considered within the specialty coffees as an average standard
rating (SCAA, 2012).
In treatments with coffee, Nascimento et al. (2008) and
Armstrong et al. (2008) did not observe reduction in sensory
quality of the beverage during use of ozone.

Conclusions
1. The treatment with ozone under the conditions of this
experiment reduces the fungal contamination of fruit only
during the washing process.

2. Ozone oxidation promoted an increased electrical
conductivity and decreased total and reducing sugars, and
did not change significantly leaching potassium, phenolic
compounds and fatty acids.
3. The sanitization with ozone did not affect the sensory
quality of the beverage, maintaining the standard coffee.
4. The ozonation did not control fungal reinfestation after
drying; in spite of that, this process can be investigated for
the reduction in the pollutant load of the washing water in
coffee farms.
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