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Abstract—This study evaluated the effectiveness of acidic 

electrolyzed oxidizing water (AEW), to control Fusarium sp. 

which causes postharvest disease of de-crowned pineapple 

cv. Phu Lae. The growth inhibition of Fusarium sp. in vitro 

was observed with AEW with avarious concentration with 

free chlorine at 100, 200 and 300 ppm. AEW treatment of 

300 ppm was the most effective to suppress the growth of 

Fusarium Additionally, the AEW treatments enhanced the 

pathogenesis realated protein (PRs) β-1, 3-glucanase (EC 

3.2.1.6) and chitinase (EC 3.2.1.14) activities after 

inoculation, which play important roles in plant defense 

responses. The increased activities of the enzyme were 

probable because the defense response to wide aray to stress 

including wounding and inoculating with Fusarium and 

treatment of AEW. Application of AEW enhances resistance 

of the pineapple fruit to fungal pathogens and has no effect 

on fruit’s quality. 
 

Index Terms—crown rot, electrolyzed oxidizing water, β-1, 

3-glucanase, chitinase, Ananus comosus cv. Phu Lae 

 

I. INTRODUCTION 

Thailand is a large producers and exporter of 

pineapples in Southeast Asia, with a yearly export value 

about 114 million Baht or 35.8 million US dollars [1]. 

However, the pineapple trade has been limited by 

inconsistent quality and fungal decay, which is the main 

cause of pineapple postharvest loss. The high incidence 

of postharvest disease in pineapple is primarily due to the 

fungus Fusarium spp. The fungus penetrates through 

wounds, caused by de-crowning, that occur during 

postharvest handling. Although postharvest losses may be  

reduced with chemical disinfection (such as dipping in 

triabendazole or benomyl and methyl bromide 

fumigation), those treatments have toxicological risks and 

may cause environmental pollution. The research 

                                                           
Manuscript received November 10, 2016; revised May 24, 2017. 

presented here focuses on advanced oxidation 

technology, Acidic Electrolyzed oxidizing Water (AEW) 

to control postharvest diseases of pineapple.  

AEW was developed in Japan [2]. Its advantages over 

other cleaning agents include effective disinfection, easy 

operation, low cost and low environmentally impact [3]. 

It is produced by electrolyzing dilute solution of sodium 

chloride; passing an electric current through an ion 

exchange membrane which separates the anode from the 

cathode. Water, collected at the anode, has unique 

oxidation properties, due to its content of hypochlorous 

acid (HOCl) and low pH [4]. AEW is bactericidal with 

wide range of applications, including aquaculture ref. [5] 

agricultural and industrial food processes ref. [6] as well 

as postharvest disease control [7]-[9]. Ref. [4] reported 

that use of AEW significantly reduced growth of 22 

fungal species with thin cell walls (e.g., Botrytis and 

Monilinia) within 30 seconds. Additionally, it 

significantly reduced growth of the thicker cell walls, 

pigmented fungi (Curvularia and Helminthosporium) 

within 2 minutes. Ref. [10] reported that treating tomato 

peels with AEW reduces bacteria, such as Escherichia 

coli 0157:H7, Salmonella enteritidis and Listeria 

monocytogenes, without any effect on the environment. 

Ref. [11] reported that AEW treatment of strawberries 

and broccoli significantly reduces E. coli 0157:H7. Ref. 

[12] found that washing lettuce with AEW for 5 minutes 

significantly inhibits growth of L. monocytogenes. Ref. 

[13] also reported that AEW reduces bacterial 

populations on spinach and lettuce. Ref. [14] found that 

AEW treatment of tangerine cv. Sai Nam Pung, at a free 

chlorine concentration of 215 ppm for 120 and 240 

seconds, completely inhibits growth and development of  

Penicillium digitatum. In addition, Ref. [15] found that 

washing oranges with AEW, with continuous ozone 

exposure for 2 h day
-1

, significantly controlled P. 

digitatum disease during storage. 
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Synthesis of Pathogenesis-related Proteins (PR) 

including 1,3-glucanase and chitinase, is a common 

defense responses in several plant species to infection 

caused by pathogens with various fungi or bacteria [16]. 

These enzymes induce active defense mechanisms of 

plants to the pathogens [17]. Therefore, the effects of 

AEW on decay control and elicitation of defense 

enzymes needs to be investigated. The aim of this 

research was therefore to evaluate the effects of AEW on 

the following: postharvest disease in de-crowned 

pineapple, caused by Fusarium sp. and fruit quality after 

storage at 25°C; and the activity of key enzymes, 

involved in pineapple defense responses. 

II. MATERIALS AND METHODS 

A. Fungal Cultures 

Fusarium sp. isolated from infected pineapple fruit 

was cultured on Potato Dextrose Agar (PDA) for 7 days 

at 25°C. A spore suspension was prepared by adding 10 

ml of sterile, distilled water to the Fusarium sp., cultured 

on a petri dish and the spores were transfered to 100 ml 

of sterile distilled water, in a 250 ml conical flask. The 

suspension was shaken for 10 min on an orbital shaker at 

25°C, and filtered through two layers of sterile muslin 

cloth. The spore suspension was diluted with sterile 

distilled water, to obtain a concentration of 10
5
 spore ml

-1
 

as determined with a haemacytometer and adjusted as 

required. 

B. Preparation of Treatments 

AEW was generated by electrolysis in a chamber with 

positively and negatively charged titanium electrodes, 

coated with TiO2, separated by a polypropylene 

membrane. The electrodes were then subjected to a Direct 

Current (DC) of 8 A and 8 V using a DC power source. A 

5% NaCl solution was simultaneously introduced into the 

system. The pH was recorded with a pH/ion meter, and 

Oxidation Reduction Potential (ORP) was measured by a 

pH/ORP meter. The amount of free-chlorine 

concentration was determined by using the N, N-diethyl-

P-phenylene diamine (DPD) test [18]. The AEW, with an 

initial concentration of 690 ppm, was diluted with 

distilled water to concentrations of free-chlorine at 100 

ppm and used for the microbiological study. Sterilized 

distilled water was used as a control. 

C. Plant Materials 

Pineapple fruits (Ananas comosus cv. Phu Lae) at 

mature green stage without physical injuries or infections 

were harvested from a commercial plantation in Chiang 

Rai Province, Thailand and then transported immediately 

to the Postharvest Physiology and Technology laboratory, 

Chiang Mai University within 3 h. The peduncle was cut 

with a knife to leave 2 cm of peduncle on the fruit. The 

crown was trimmed to a length of 3–4 cm. Before 

inoculation, the de-crowned pineapple fruits were 

surface-sterilized by wiping with a 70% ethanol solution. 

Samples of 12 fruits were used for each replicate. 

D. Effect of AEW on Mycelial Growth of Fusarium sp. 

in Vitro 

The 1 cm diameter of mycelium disc was added into 

the ultrasonic chamber, containing AEW with a free-

chlorine concentration of 100, 200 and 300 ppm. All 

treatments were treated at room temperature for 10 min. 

Thereafter, the mycelium disc was placed onto a PDA 

plate and incubated at 25°C. Each treatment consisted of 

9 replicates and the experiment was repeated twice 

independently. The 1 cm of mycelium disc and 9 ml of 

distilled water were used as the control. 

E. Effect of AEW on Disease Development and Quality 

Changes of Pineapple after Room Temperature 

Storage 

The spore suspension was prepared as described above. 

About 0.1 ml of it was artificially inoculated on to the 

center of de-crowned pineapple fruit. All fruits were 

incubated at room temperature for 3 h, before application 

of respective washing treatments. All inoculated fruits 

were treated with the following treatments. For the AEW 

treatment, inoculated samples were immersed in 50 liters 

with a concentration of free-chlorine at 100 ppm. the best 

result from previous experiment. For the combined 

treatments, pineapple fruits were immersed into the 

chamber containing AEW with a free-chlorine 

concentration of 100 ppm. Pineapple fruits, treated with 

distilled water, were used as controls. All treatments were 

run at ambient temperature (28°C) for 10 min. The 

treated fruits were arranged in a plastic basket and air dry. 

Fruits were covered with a plastic bag and maintained at 

75–80% RH and 28°C for three days. Fruit samples were 

inspected daily for disease incidence through inoculated 

sites. Pineapple fruits showing visible mold growth were 

considered to be infected fruit. The severity of fruit decay 

was expressed as a percentage of the fruit showing fungal 

symptoms. Fruit disease incidence was expressed as a 

percentage of fruits that became infected. The natural 

disease incidence was evaluated; de-crowned pineapple 

fruit were put directly in a plastic basket and kept, as 

described above, without pathogen inoculation. The 

experiment was replicated three times, and each treatment 

in each replication was represented by 36 fruits. De-

crowned pineapple fruit was removed at 0, 24, 48 or 72 h 

after treatments, to provide a source of infected tissue, 

with varying stages of fungal penetration. To determine 

fruit quality changes, fruits were measured each day for 

percent weight loss, Total Soluble Solids (TSS), pH and 

Titratable Acidity (TA) and ascorbic acid content. The 

experiment was repeated twice. 

F. Effects of AEW on Pathogenesis Related Proteins 

De-crowned pineapple fruit were inoculated with 

Fusarium sp. Treated with the EO from previous 

experiment and kept as described above. On each day of 

storage, healthy, non-infected areas of each de-crowned 

pineapple fruit, 3 replicates of 3 fruits per treatment, were 

separated from the whole crowned fruit, cut into small 

pieces, frozen in liquid nitrogen, freeze-dried and stored 

at -21°C for enzyme assays. Freeze-dried de-crowned 
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samples (0.3 g) were homogenized in 10 ml of 0.2 M 

sodium acetate buffer, pH 5.0 and 2% 

polyvinylpyrrolidone at 4°C. The homogenate was 

centrifuged at 13,000 rpm at 4°C for 15 min and then 

supernatant was collected for assay. Chitinase activity 

was assayed by incubating a standard reaction mixture, 

containing 400 µl of diluted crude enzyme solution, with 

200 µL of aqueous CM-Chitin-RBV substrate and 200 µl 

of 0.2 M sodium acetate buffer (pH 5.0). After incubation 

at 40°C for 15 min, the reaction was stopped by adding 

200 µl of chilled 2N HCl and cooling on ice for 10 min. 

The reaction mixtures were centrifuged at 7,500 rpm for 

20 min, to precipitate the non-degraded substrate and the 

optical absorption was measured at 550 nm using a 

visible spectrophotometer. Enzyme activity was 

expressed as ΔA550 min
-1 

mg protein
-1

 [19]. 

β-1,3-glucanase activity was determined by a 

colorimetric method [20]. The amount of reducing sugar 

released from glucan was measured. The standard assay 

contained 300 μl of the crude enzyme solution and 100 μl 

of 0.1% β-glucan. After incubation at 40°C for 30 min, 

the reaction was stopped by adding 600 µl of 1% 

dinitrosalicylic acid (DNS), boiling for 5 min and then 

placing the sample in an ice bath. The optical absorption 

was measured at 550 nm. The amount of reducing sugar 

produced was determined, using a curve, constructed with 

glucose as a standard. One unit of enzyme was defined as 

the amount of protein necessary to produce one μmol of 

reducing sugar h
-1

. β-1, 3-glucanase activity was 

expressed in units mg protein-1.  

The specific activity of the enzymes was expressed as 

units mg protein
-1

. Soluble protein content was 

determined, according to the method of ref. [21] using 

Bovine Serum Albumin (BSA) as standard. 

G. Statistical Analysis 

The Statistical Package for the Social Science (SPSS) 

software for Windows was used for the Analysis of 

Variance (ANOVA) and Least-Significant Difference 

(LSD) at the 95% confidence level of each variable value 

under Completely Randomized Design (CRD). Each 

experiment had tree replicates and all experiments were 

run two times with similar results. 

III. RESULTS AND DISCUSSION 

A. Effect of AEW on Mycelial Growth of Fusarium sp. 

In Vitro 

The AEW treated effectively inactivation of mycelia 

growth of Fusarium sp. when compared with the control 

group especially the concentration of 300 ppm (Table I). 

The mycelial diameter in the treated fungus was 

significantly lower than that of the control group. Among 

all treatments, the treatment of AEW when incubated 

from 5 days at the concentration of 300 ppm inhibited 

mycelial growth the most. These results agree with those 

of other authors. Ref. [22] reported that hypochlorous 

acid damages microbial cells by oxidizing nucleic acids 

and proteins, causing death. Low pH in AEW sensitizes 

the outer membrane of the cells, thereby allowing 

hypochlorous acid to enter the cells more efficiently. 

AEW has wide fungicidal activity, which facilitates its 

use as a contact fungicide on aerial plant surfaces [23]. 

Some researchers used AEW as sprays or as irrigation 

water, for arresting fungal growth on horticultural crops 

[24]. Our results agree with those of ref. [15] who found 

that AEW inactivates Penicillium digitatum after 1 min 

exposure.  

TABLE I.  MYCELIAL DISC GROWTH DIAMETER OF FUSARIUM SP. ON 

PDA PLATE AFTER TREATED WITH AEW (100, 200 AND 300 PPM) FOR 

10 MIN THEN INCUBATED AT 27OC FOR 7 DAYS 

Treatment 
Mycelial disc growth (cm) 

Day 0 Day 1 Day 3 Day 5 Day 7 

Control 

 

0.7+0a 

 

1.2+0a 

 

2.3+0.2a 

 

4.5+0.2a 

 

6.0+0.1a 

AEW 

100 ppm 0.7+0a 0.7+0b 2.1+0.1b 3.8+0.1a 5.3+0.1b 

AEW 

200 ppm 0.7+0a 0.7+0b 2.0+0.1b 3.7+0.1a 5.4+0.1b 

AEW 

300 ppm 0.7+0a 0.7+0b 1.8+0.2b 2.9+0.5b 3.9+0.3c 

*Means + SE within the same column followed by the same letter do 

not differ significantly at p = 0.05 using the least significant difference 
test. 

B. Effect of AEW on Disease Development and Quality 

Changes of Pineapple after Room Temperature 

Storage 

The in vivo fruit trials (Fig. 1) resulted significantly 

higher disease inhibition (P < 0.05) than control, AEW 

resulted in disease incidences of 81.25% when compared 

with control (12.50%) (after 3 days in storage). In 

addition, no natural decay on treated group was found 

during 3 days of storage, while the control group had a 

few decay incidences of 2.08 % (data not shown). AEW 

treatment induced resistance against postharvest disease 

cause by Fusarium sp. in de-crowned pineapple fruits. 

Similarly to the previous studies, we found that AEW 

treatment was effective at inhibiting decay incidence of 

pineapple fruit. However, our experiment also showed 

that the application of AEW effectively controlled fungal 

disease. Hypochlorous acid damages the microbial cell by 

oxidizing nucleic acids and proteins, causing lethal 

damage [22]. Moreover, all the treatments had no effect 

on fruit quality, as determined by weight loss, total 

soluble solids, titratable acidity, pH and ascorbic acid 

(Table II). 

 

Figure 1.  Effect of AEW on disease incidence (% of infected fruit) of 
de-crowned pineapple fruit during storage at room temperature for 7 

days. 
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TABLE II.  EFFECT OF AEW ON QUALITY OF PINEAPPLE FRUIT AFTER 

STORAGE AT ROOM TEMPERATURE FOR 7 DAYS 

Treatment 
Weight 

loss (%) 

TSS 

(%) 

TA 

(%) 
pH 

Ascorbic 

acid 
(mg/100ml) 

Control 

 

6.3+0.2a 

 

15.5+0.4a 

 

0.6+0a 

 

3.5+0.1a 

 

8.6+0.6a 

AEW 6.4+0.8a 15.2+0.6a 0.6+0.0a 3.4+0.1a 8.1+0.5a 

*Means + SE within the same column followed by the same letter do 
not differ significantly at p = 0.05 using the least significant difference 

test. 

C. Effect of AEW on Pathogenesis Related Protein 

AEW treatments induced the activities of chitinase and 

β-1,3-glucanase in de-crowed pineapple fruit stored at 

25°C. Chitinase activity increased gradually after 3 days 

and decreased afterwards. The level of enzyme activity 

assayed at 2 and 5 days intervals after time 0 was 

significantly higher than control fruit at the same time 

(Fig. 2). The levels of β-1,3-glucanase were about 8.27 

and 8.26 unit/ms protein in the control and AEW 

treatment at the 1 day time points, respectively then the 

control showed the decreasing of this enzyme activity but 

the AEW treatment remained significantly higher those of 

the control (Fig. 3). 

Chitinase and β-1,3-glucanase have been intensively 

studied and are identified as the PR protein that functions 

in the plant defense response [25]. PR proteins are 

induced not only by pathogen infection, but also in plants, 

subjected to abiotic stress factors [26]. The result of our 

experiments shown that AEW treated had higher 

activities of β-1,3-glucanase and chitinase in de-crowned 

pineapple fruit. A possible explanation for this might be 

that AEW not only destroyed microbial cell but also can 

be caused stress to the plant likes other stress factors such 

as exposure to UV radiation [27]. ozone ref. [28] salt and 

osmotic [29]. Therefore, the resistance of de-crowned 

pineapple fruit to development of fungal decay is 

mediated by the activation of PR protein and plant 

defense related enzyme in response to wide array of 

stresses including wounding and inoculating with 

Fusarium sp. and treatment with AEW. 

 

Figure 2.  Chitinase activity of de-crowned pineapple fruit inoculated 

with Fusarium sp. And then treated with AEW (100 ppm) for 10 min. 

The fruits were kept at 25°C 

 

Figure 3.  β-1, 3 glucanase activity of de-crowned pineapple fruit 

inoculated with Fusarium sp. And then treated with AEW (100 ppm) for 
10 min. The fruits were kept at 25 oC 

IV. CONCLUSIONS 

The present study demonstrated that AEW, is effective 

at controlling Fusarium sp. in de-crowned pineapple fruit 

than either treatment alone. The treatment was found to 

result in the highest increases in some pathogenesis 

related protein activities such as β-glucanase and 

chitinase; additionally, it was observed that these 

treatments had no effect on fruit quality. 
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