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ABSTRACT: Seed deterioration induces the formation of free radicals and proliferation of 
microorganisms, but the application of external antioxidants may lessen these effects. The 
aim of this study was to investigate the antioxidant and antimicrobial activity of cathode 
and anode water on the physiological quality and health of Coffea arabica L. seeds. Part 
of the seeds were soaked in cathode water and the other part in anode water for periods 
of 1, 6, 12, 24, and 36 hours. The physiological quality of the seeds was evaluated by the 
germination test and tetrazolium test, and seed health by the Blotter test. Analysis of variance 
and Pearson correlation analysis were performed on the data for all the response variables. 
Soaking in cathode water or anode water up to 24 hours improves the physiological quality 
of coffee seeds. Anode water has a beneficial effect on the health of coffee seeds, reducing 
the incidence of Fusarium spp., Penicillium spp., Cladosporium spp., and Alternaria spp. 
after one hour of soaking and of Aspergillus spp. after six hours. Soaking in cathode water 
for a period of one hour leads to a reduction in the fungi Aspergillus spp., Fusarium spp., 
Cladosporium spp., and Alternaria spp., and reduction in Penicillium spp. after six hours.

Index terms: antioxidant activity, fungicidal activity, physiological quality, seed health, 
hydrolyzed water.

Atividade antioxidante e antimicrobiana da água catódica e anódica 
em sementes de Coffea arabica L.

RESUMO: A deterioração das sementes induz à formação de radicais livres e a proliferação 
de microrganismos, sendo que a aplicação de antioxidantes externos pode amenizar estes 
efeitos. Objetivou-se estudar a ação antioxidante e antimicrobiana da água catódica e anódica 
sobre a qualidade fisiológica e sanitária de sementes de Coffea arabica L. Parte das semente 
foi embebida em água catódica, e a outra parte em água anódica, por períodos de 1, 6, 12, 24 
e 36 horas. A qualidade fisiológica das sementes foi avaliada pelo teste de germinação e de 
tetrazólio, e a qualidade sanitária pelo Blotter test. Os dados foram submetidos às análises 
e correlação de Pearson para todas as variáveis resposta avaliadas. A embebição nas águas 
catódica e anódica, até 24 horas promove melhora na qualidade fisiológica de sementes 
de café. A água anódica apresenta efeito benéfico à qualidade sanitária das sementes de 
café, reduzindo a incidência de Fusarium spp, Penicillium spp, Cladosporium spp e Alternaria 
spp. após uma hora de embebição e de Arspergillus spp após seis horas. A embebição em 
água catódica por período de uma hora proporciona redução dos fungos Arspergillus spp, 
Fusarium spp, Cladosporium spp e Alternaria spp, e de Penicillium spp com seis horas.

Termos para indexação: ação antioxidante, ação fungicida, qualidade fisiológica, qualidade 
sanitária, água hidrolisada. 
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INTRODUCTION

The species Coffea arabica L. is of great economic and social importance in Brazilian agriculture; it is a crop that 
continues to expand and is widely accessible to the population. Greater demand and consumption of coffee by 
Brazilians corresponds to a global growth trend. Brazil is currently the largest coffee producer worldwide (ICO, 2019); 
production in the 2018 crop season reached 61.66 million bags, with a planted area of approximately 1.84 million 
hectares (CONAB, 2019). 

Coffee plant propagation is through seeds, and crop fields are established through planting of seedlings. Healthy 
seeds of high physiological quality are essential to obtain high vigor seedlings. 

The germination capacity of coffee seeds declines after six months of storage and, thus, seedling production is 
concentrated in certain periods of the year, which might not be the most appropriate for planting. This hinders the 
formation and maintenance of safety stocks of seeds and their use in the medium to long term.

Various studies have shown that seed deterioration is induced by the formation of free radicals, enzymatic 
degradation, inactivation or reduction in respiratory activity, and loss of cell membrane activity (Vidigal et al., 2009; 
Sharma et al., 2012; Marcos-Filho, 2015; Coelho et al., 2017; Abreu et al., 2018). Nevertheless, the negative effect of 
reactive oxygen species (ROSs) can be reduced by defense mechanisms. The application of external antioxidants is 
an alternative for lowering the production of ROSs, with a direct effect, or for improving the endogenous antioxidant 
activity of the seeds (Berjak et al., 2011).

In this respect, cathode water generated by electrolysis of a solution containing calcium chloride and magnesium 
chloride has had antioxidant effects, reducing the number of free radicals (Hanaoka, 2001; Hanaoka et al., 2004; Hiraoka 
et al., 2004). Cathode water (reduced solution from hydrolysis) has high pH (9.0–10.0), with a large amount of dissolved 
active hydrogen, whereas anode water (oxidized solution), with acid pH, has a large amount of dissolved oxygen and 
may perform a decontamination function, with antimicrobial activity (Hanaoka et al., 2004).

Thus, cathode water and anode water can lead to improvement in deteriorated seeds by reduction of oxidative 
damage and cell degradation and by antifungal activity (Berjak et al., 2011; Naidoo et al., 2016). Their use constitutes a 
simple and non-toxic method of seed improvement (Pammenter and Berjak, 2014). Thus, the aim of this study was to 
analyze the antioxidant and antimicrobial activity of cathode water and anode water on the physiological quality and 
health of Coffea arabica L. seeds, investigating the best exposure time of seeds to these solutions.

MATERIAL AND METHODS

The experiment was conducted in the Central Seed Laboratory and the Seed Pathology Laboratory of the Departments 
of Agriculture and of Plant Pathology of the Universidade Federal de Lavras (UFLA). We used seeds of Coffea arabica L., 
cultivar Catuaí amarelo IAC 62, from the 2017/2018 crop season, harvested from the Fundação Procafé coffee field in 
the municipality of Varginha, MG, Brazil, at geographic coordinates 21°34’00’’ S and 45°24’22’’ W, with altitude of 1000 
m. Climate in the region is humid mesothermal, with mean temperatures of 16 °C in the winter period and 23.1 °C in 
the summer period, according to the Köppen classification. Mean annual rainfall is 1400 mm.

The fruit was manually harvested in the cherry maturation stage and then washed for elimination of hollow shell, 
malformed, and bored fruit and of impurities. The fruit was pulped and seeds were semi-washed by fermentation in 
water for 24 hours, and then kept on a drying screen in the shade until reaching 12% moisture content.  After that step, 
these seeds, which exhibited 98% germination, were placed in plastic bags and then in cold storage at 10 °C and 55% 
relative humidity for a period of fifteen months to obtain seeds with reduced health and physiological quality to carry 
out the experiment. 

After the seeds remained in storage for fifteen months, their profile was determined through moisture content by 
the laboratory oven method at 105 °C for 24 hours (Brasil, 2009), through physiological quality by the germination test 
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(Brasil, 2009), and through embryo viability by the tetrazolium test (Clemente et al., 2011). The seeds that constituted 
the control treatment had 12% moisture content, 64% normal seedlings, and 94% viable embryos. These seeds were 
then soaked in cathode water or in anode water in “gerbox” (germination box) plastic boxes and kept at a temperature 
of 30 °C under light for periods of 1, 6, 12, 24, and 36 hours. The cathode water and the anode water were produced 
according to the methodology described by Berjak et al. (2011), with modifications: 1 L of solution containing 0.5 
mM CaCl2.2H2O and 0.5 mM MgCl2.6H2O as electrolytes was divided and placed in a horizontal tub designed for 
electrophoretic run. The circuit was completed using a agar-based salt bridge containing potassium chloride, and the 
solution was electrolyzed applying a 60-V potential difference. Electrolysis was performed for one hour at ambient 
temperature, producing 500 mL of anode water (oxidized fraction) with pH near 3–4, and 500 mL of cathode water 
(reduced fraction) with pH near 11–12, which were used to soak the seeds and obtain the treatments to be tested. 
After the soaking periods, the seeds were evaluated for physiological quality and seed health. 

Evaluation of seed physiological quality

The germination test was performed on the seeds soaked in cathode water or anode water for different periods in 
order to evaluate their physiological quality. Four replications of 50 seeds were used, sown on two sheets of “germitest” 
(germination testing) paper moistened with distilled water in the amount of 2.5 times the weight of the dry paper and 
covered by one more sheet of germination paper. Seeds were sown with the aid of an acrylic sheet for the purpose 
of placing the seeds at equal distance from each other. After that, the seeds and papers were rolled and these rolls 
were kept in a seed germinator at a constant temperature of 30 °C under light for 30 days (Brasil, 2009). Along with 
evaluation of normal seedlings at 30 days in the germination test, the vigor of the seeds under the treatments was 
evaluated by means of root emergence (%) at 15 days, seedlings with expanded cotyledonary leaves (%), and seedling 
dry matter at 45 days after sowing, as well as strong normal seedlings (%) at 30 days, considering the seedlings with 
root-hypocotyl axis greater than or equal to 3 cm (Coelho et al., 2017). 

For determination of dry matter of normal seedlings, the shoots were separated from the roots using a scalpel, and 
both parts were placed in paper bags and kept in an air-circulation laboratory oven at 60 °C until reaching constant 
weight, which occurred at five days, and the results were expressed in mg.seedling-1 (Coelho et al., 2017). These results 
were also used as an indication of coffee seed vigor. 

For the tetrazolium test, four replications of 25 seeds of each treatment in cathode water or anode water were used, 
which were soaked in distilled water for 36 hours for embryo extraction. After extraction, the embryos were kept in 
polyvinylpyrrolidone (PVP) antioxidant solution and then washed in running water and immersed in 0.5% tetrazolium 
solution in dark bottles at a temperature of 30 °C for three hours (Clemente et al., 2011). After that, the embryos were 
evaluated with the aid of a stereoscopic magnifying glass with 10X magnification for visualization of internal and external 
aspects after longitudinal sectioning. The results were expressed in percentage of viable embryos (Brasil, 2009). 

Seed health evaluation

Eight replications of 25 seeds were used for the seed health test for each treatment of soaking in cathode water 
or anode water; the seeds were distributed in 15-cm diameter Petri dishes on a sheet of filter paper moistened 
with distilled water and water-agar (1:1 proportion) medium, both sterilized. The seeds were kept for seven days 
at 20 °C ± 2 in an incubation chamber with 12-h photoperiod. The incidence of fungi on the seeds was evaluated 
with a stereoscopic microscope through the morphological traits of their structures. The results were expressed in 
percentage of contaminated seeds.

Experimental design and statistical analysis

A completely randomized experimental design was used, and the data of physiological evaluation were obtained 
in a 2 (types of water) × 5 (soaking periods) factorial arrangement, with four replications. Mean values were compared 
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by Tukey’s test and Student’s t-test (α = 0.05), and the quantitative data by regression analysis. The SISVAR statistical 
program was used for statistical analysis (Ferreira, 2014). 

The results of seed health were analyzed separately for each type of water, anode or cathode, in the different seed 
soaking times and compared to the control. The non-parametric Kruskal-Wallis test was used on the data, and the 
mean values were compared by the Bonferroni test using the R software (R Development Core Team, 2018).

The Pearson correlation coefficient was calculated to evaluate the relationship between the soaking times in water 
and the physiological and health results of the seeds.

RESULTS AND DISCUSSION

Seed physiological evaluation

The results of analysis of variance of the physiological evaluation showed significant interaction of the type of 
water (anode and cathode) and different soaking time factors for the results of seedlings with expanded cotyledonary 
leaves, root dry matter, and viable embryos in the tetrazolium test (Table 1 and Figure 1). The percentage of expanded 
cotyledonary leaves (%) declined in relation to the control (seeds without treatment) in all the soaking times in anode 
water, except for the 1 hour soaking time (Table 1). In the results of seeds soaked in cathode water, the mean values 
did not differ significantly from the control for up to 24 hours of soaking (Table 1). For the seeds soaked for 36 hours, 
the percentage of expanded cotyledonary leaves was lower than the control, indicating loss of vigor, evaluated by the 
percentage of seedlings with expanded cotyledonary leaves for this time of soaking in cathode water.

The 12-hour soaking time in cathode water led to the highest percentage of seedlings with expanded cotyledonary 
leaves (Figure 1). However, after twelve hours, this percentage declined as soaking time in cathode water increased. In 
addition, the 36-hour soaking time hurts the seeds in both cathode water and anode water (Figure 1), with reduction 
in performance for the variables analyzed, except for viable embryos. 

The results of root dry matter of seedlings coming from soaked seeds exhibited a decline in physiological quality 
with increase in soaking beginning at 12 hours (Table 1 and Figure 1, B). For cathode water, there was an increase in 
root dry matter of the seedlings when the seeds were soaked for six or twelve hours, indicating improvement in the 
quality of these seeds (Figure 1, B). After that time, there was reduction in the vigor of these seeds compared to the 
other treatments. 

The results of embryo viability in the tetrazolium test (Table 1) showed that, in general, soaking in cathode water 
led to higher percentages than soaking in anode water. Compared to the control, there was no significant difference 

Table 1.	 Results of evaluation of the physiological quality of coffee seeds soaked in cathode and anode water for 
different times.

Time (hours)
Expanded cotyledonary leaves 

(%) Root dry matter (mg.seedling-1) Viable embryos in tetrazolium 
(%)

Anode Cathode Anode Cathode Anode Cathode
1 50 aA 47 aA 8.28 aB 6.73 bB 81 bA 91 aA
6 49 aB 51 aA 8.76 aA 8.80 aA 76 bB 90 aA

12 43 aB 56 aA 6.85 bB 8.95 aA 79 bB 94 aA
24 40 aB 51 aA 6.85 aB 7.50 aB 91 aA 82 bB
36 40 aB 19 bB 7.83 aB 7.40 aB 77 bB 92 aA

Control 72 A 6.07 B 94 A
*Mean values followed by the same lowercase letter in the row do not differ from each other by Tukey’s test at 5% probability; mean values 
followed by the same uppercase letter do not differ from the control by the T test.
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Figure 1.	 Physiological quality of Coffea arabica L. seed soaked in anode water and cathode water for different times. 

(A) Seedlings with expanded cotyledonary leaves (%); (B) Root dry matter (mg.seedling-1); (C) Viability of 
embryos by the tetrazolium test (%).

due to soaking in anode water for the times of 1 hour and 24 hours, but the values of embryo viability were lower at the 
times of 6, 12, and 36 hours of soaking (Table 1). Soaking in cathode water resulted in viability in tetrazolium statistically 
equal to the control, except for the time of 24 hours. In anode water with 24 hours of soaking (Figure 1, C), there was 
an increase in the percentage of viable embryos and decline with 36 hours, whereas in cathode water, there was an 
increase in the percentage of viable embryos up to 12 hours. In general, the percentage of viable embryos was less 
affected by soaking of seeds in cathode or anode water. 

According to the results of analysis of variance of the germination data, there was no significant interaction of the 
soaking type and soaking time factors in the hydrolyzed water. Nevertheless, there was a significant effect of soaking 
time separately. Germination increased up to the soaking time of 24 hours (Figure 2), indicating improvement in the 
physiological quality of the coffee seeds when soaked, but quality decreased with 36 hours.

1 6 12 24 36
0

20

40

60

80

100

G
er

m
in

at
io

n 
(%

)

Soaking time (hours)

R2=81.12%

 
Figure 2.	 Normal seedlings from Coffea arabica L. seeds soaked in cathode water or anode water for different times.
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The results of percentage of strong normal seedlings and shoot dry matter did not show significant differences 
according to soaking times, but there was an effect of the type of water (Table 2). The anode water led to higher 
percentages of strong normal seedlings compared to the results of cathode water. The control did not differ statistically 
from the treatment with anode water. However, there was a lower percentage of strong normal seedlings in the seeds 
soaked in cathode water compared to the control (Table 2). 

At 45 days after the beginning of the germination test, shoot dry matter of the seedlings was also evaluated 
(Table 2). An effect from the types of water was found; the seeds under the cathode water treatment had significantly 
superior results compared to the treatment with immersion in anode water, while soaking of the seeds in anode and 
cathode water did not differ statistically from the control (without soaking) (Table 2). 

In studies on the effect of cathode water in in vitro systems, antioxidant effects were found by the high capacity of 
this water to connect to reactive oxygen species (Hanaoka, 2001; Hanaoka et al., 2004; Hiraoka et al., 2004; Franceschelli 
et al., 2016). However, this effect, up to then, had not been widely tested in seeds. Berjak et al. (2011) obtained good 
results in embryonic axes of a recalcitrant tree species, and reported that the beneficial effects of cathode water were 
even more apparent in sprout and root production. 

In the present study, considering the evaluations performed, the effect of soaking in cathode water was similar to 
the studies cited, since in certain soaking times there were better results than the control, as observed for root dry 
matter with six and twelve hours of soaking. 

In addition, in the studies of Hanaoka (2001) on the chemical properties of cathode water, a significant increase 
was shown in the antioxidant activity of ascorbic acid in an in vitro system, actively participating in the endogenous 
antioxidant metabolism. Thus, according to the observations of this author (Hanaoka, 2001), cathode water has not 
only protective effects but also growth promoting effects in alleviating the damaging activity of reactive oxygen species, 
related to natural deterioration of the seeds, as well as in assistance of endogenous production of antioxidants.

Anode water, for its part, is known for its antibacterial, antiviral, and antifungal effects, and it can have cytotoxic and 
antimetabolic activity without attacking human cell tissue (Atanasov et al., 2014). According to Gluhchev et al. (2015), 
the biocidal elements of anode water are not toxic to the somatic cells of mammals and are used as decontaminants 
for the in vitro growing of plants (Berjak et al., 2011). In the present study, the anode water was not toxic to the low-
quality coffee seeds when they were soaked for up to an hour, since the results were similar or better than those of the 
control (seeds without soaking).

Seed health evaluation 

In evaluation of the health of coffee seeds under the cathode or anode water soaking treatments, six species of 
fungi were found: Aspergillus spp., Fusarium spp., Penicillium spp., Cladosporium spp., Alternaria spp., and Phoma spp., 
the results of which are shown in Figures 3 and 4. 

The results of seed health evaluation show that seeds under soaking in anode water for various times (Figure 3) 
generally have a smaller incidence of fungi, with different effects from soaking. The time of one hour of soaking in anode 

Table 2.	 Results of strong normal seedlings and shoot dry matter (mg.seedling-1) in Coffea arabica L. seeds soaked in 
anode water or cathode water.

Water Strong normal seedlings (%) Shoot dry matter (mg.seedling-1)
Anode  17 aA   51.23 bA

Cathode     6 bB   55.30 aA
Control 15 A 50.92 A

*Mean values followed by the same lowercase letter in the column do not differ statistically from each other by Tukey’s test at 5% 
probability and mean values followed by the same uppercase letter do not differ from the control by the T test.
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water was enough to significantly reduce the incidence of the fungi Fusarium spp., Penicillium spp., Cladosporium 
spp., and Alternaria spp. The incidence of the fungus Aspergillus spp. decreases with six hours of soaking; however, 
it increases beginning at 24 hours. For Phoma spp., there was not a consistent response with the increase in time of 
soaking in anode water – reduction with one hour of soaking, but increases and decreases at longer times. 

One hour of soaking in cathode water was also sufficient to reduce the incidence of the fungi, except for Penicillium 
spp., which showed reduction with six hours and Phoma spp., in which there was an increase in growth of this fungus 
after one hour and significant reduction from twelve hours on. Thus, the hydrolyzed water, both anode water and cathode 
water, were effective in inhibiting the growth of most of the fungi with only one hour of soaking (Figures 3 and 4). 
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Figure 3.	 Incidence of fungi in Coffea arabica L. seeds after soaking in anode water for different times. 
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Figure 4.	 Incidence of fungi in Coffea arabica L. seeds after soaking in cathode water for different times. 

Gluhchev et al. (2015) studied the virucidal and biocidal effect of anode and cathode water and confirmed the 
strong influence of the electrochemically activated types of water, cathode and anode, on a species of virus (Classical 
Swine Fever Virus – CSF) and a species of bacteria (Bacterium E. coli DH5). Berjak et al. (2011) studied the antioxidant 
effect of anode and cathode water on embryonic axes of recalcitrant species after cryopreservation and only observed 

Cladosporium spp.
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positive results after the addition of a treatment with neomycin sulfate for two minutes. Nevertheless, in the present 
study, without the addition of complementary antifungal agents, with soaking in anode water or cathode water, there 
were few or no fungi at one and six hours.

Figures 5 and 6 represent the Pearson correlation coefficients between the soaking times and the response variables, 
i.e., physiological quality (A) or incidence of fungi (B). This coefficient, which measures the degree of correlation between 
two quantitative variables is a dimensionless index with values from -1.0 to 1.0, which reflects the intensity of a linear 
relationship between two datasets. In the present study, the Pearson correlation coefficients was used to measure the 
relationship between the treatment with the hydrolyzed water and the incidence of the fungi, and the relationship 
between the treatment with hydrolyzed water and seed physiological quality. There was high negative correlation 
between the soaking times and the percentage of seedlings with expanded cotyledonary leaves, both in anode water 
and in cathode water (Figures 5A and 6A), with indices of -0.71 and -0.79, respectively, indicating reduction in seed 
vigor with an increase in soaking time. In anode water, there was also reduction in the percentage of normal seedlings, 
with an index of -0.66. This may have occurred as a result of probable phytotoxicity caused by hydrolyzed water to the 
seeds due to prolongation of the exposure at the higher soaking times. According to the root emergence and strong 
normal seedling variables, a positive correlation was observed, i.e., the longer the exposure time of the seeds to the 
anode water, the greater the mean values of these variables. 

 
Figure 5.	 Pearson correlation coefficient between soaking times in anode water and physiological quality variables (A) 

and between soaking time in anode water and incidence of fungi (B). Seedlings with expanded cotyledonary 
leaves (CL); Normal seedlings (NS); Strong normal seedlings (SNS); Root emergence (RE); Phoma spp. (P); 
Alternaria spp. (AL); Cladosporium spp. (C); Penicillium spp. (PE); Fusarium spp. (F); and Aspergillus spp. (AS). 

 
Figure 6.	 Pearson correlation coefficient between soaking times in cathode water and physiological quality variables (A) 

and between soaking time in cathode water and incidence of fungi (B). Seedlings with expanded cotyledonary 
leaves (CL); Normal seedlings (NS); Strong normal seedlings (SNS); Phoma spp. (P); Alternaria spp. (AL); 
Cladosporium spp. (C); Penicillium spp. (PE); Fusarium spp. (F); and Aspergillus spp. (AS).
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The results of Pearson correlation between soaking time in anode water and incidence of fungi (Figure 5 B) show 
that the longer the treatment time, the lower the incidence of the fungi, except for Aspergillus spp., confirming the 
antifungal effect of the anode water and its benefits for the health of coffee seeds. 

The results of Pearson correlation between soaking time in cathode water and physiological tests (Figure 6A) and 
between soaking time in cathode water and incidence of fungi (Figure 6B) show that the longer the seed exposure time, 
the lower the results of the physiological tests and the lower the incidence of fungi. 

In general, the use of anode water or cathode water on seeds may be a beneficial tool, especially from the seed 
health perspective, since the number of fungi decreases after soaking, especially in seeds that have slow germination, 
as is the case of Coffea species, in which control of proliferation of fungi is of utmost importance during germination 
and emergence in forming seedlings for planting. However, more extensive studies must be performed to improve 
understanding of the activity of these hydrolyzed waters on seed tissues and the ideal soaking time for each species.

CONCLUSIONS

Soaking in hydrolyzed water, cathode water or anode water, up to 24 hours leads to improvement in the physiological 
quality of coffee seeds.

Anode water has a beneficial effect on the health of coffee seeds, reducing the incidence of Fusarium spp., Penicillium 
spp., Cladosporium spp., and Alternaria spp. after one hour of soaking and of Aspergillus spp. after six hours.

Soaking in cathode water for a period of one hour decreases the number of fungi of Aspergillus spp., Fusarium spp., 
Cladosporium spp., and Alternaria spp., and of Penicillium spp. in soaking for six hours.

Hydrolyzed water, cathode and anode, do not lead to reduction in the incidence of Phoma spp. in coffee seeds.
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