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Abstract: In this study, the antimicrobial activity of neutral electrolyzed water (NEW) on Bacillus cereus forming endospore, 

Escherichia coli and, toxin producer Aspergillus flavus and Penicillium expansum was determined both on the surface of steel plates in 

the presence of organic matter artificially inoculated and in cell suspensions. Also, the antimicrobial efficiency of NEW was compared 

to that of Sodium hypochlorite (NaClO). Experiments were carried out at room temperature (22 °C). 1% sodium hypochlorite solution 

(with 531 ppm free chlorine), and different concentrations of NEW, 5% (with 63 ppm free chlorine), 10% (with 120 ppm free 

chlorine), and 15% (with 187 ppm free chlorine) were used for the comparison. Cell suspensions and stainless-steel plates inoculated 

with a final 10% liquid fig solution were treated with NEW and NaClO for 0 (untreated, control), 15, 30, and 60 seconds. Then, viable 

cell counts both in cell suspensions and on the inoculated stainless-steel plates were determined. It was determined that there were 

significant differences (P<0.05) in the decrease in the number of microorganisms depending on the application time and free chlorine 

concentration. The reduction ratios (%) in cell suspensions after 60 seconds of treatment with NEW ranged from 48.8 to 100 for E. coli, 

11.39 – 32.23 for B. cereus and, 31.12 – 100 for A. flavus. The reduction ratio for P. expansum was %100 for all concentrations of NEW 

after 60 sec. After 60 seconds application of 1% NaClO to the cell suspensions, the reduction ratios (%) were determined to be 29.56, 

23.48, 39.19 and 69.92 for E. coli, B. cereus, A. flavus and P. expansum, respectively. However, in the experiments performed after 

inoculation of microorganisms and sterile 10% liquid fig solution on the surface of steel plates, it was observed that microorganisms 

showed greater resistance to NEW and 1% NaClO compared to direct application to the cell suspension. The reduction ratios (%) on 

the surface of steel plates after 60 seconds of treatment with NEW ranged from 17.66 to 40.07 for E. coli, 23.93–31.77 for B. cereus, 

10,91–30,91 for A. flavus and, 49.77–64.85 for P. expansum. After 60 seconds application of 1% NaClO on the surface of steel plates, the 

reduction ratios (%) were 19.38, 11.70, 7.5 and 46.52 for E. coli, B. cereus, A. flavus and P. expansum, respectively. The results of this 

study showed that 15% NEW can be used as a strong bactericide and fungicide against endospore-forming bacteria and toxin-

producing fungi. Also, 15% NEW is more effective than 1% NaClO in cleaning the surfaces used for fig processing. Therefore, NEW also 

can be a good alternative to commonly used disinfectants. This is the first report on the use of NEW as a fungicide and bactericide on 

fig processing surfaces in the fig industry. 
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1. Introduction 
Fig (Ficus carica L.), named after Caria, an ancient 

settlement in the Aegean Region, is a fruit belonging to 

the Moraceae (mulberry) family. The fig, which homeland 

is Türkiye, spread to Syria and Palestine, and then to 

China and India. Türkiye ranks first in the world in fig 

production and export and exported 20 thousand tons of 

fresh figs and 57 thousand tons of dried figs in 

2019/2020.  

During the production of dried figs in Türkiye, the figs 

are dried on trays in a greenhouse or under sunlight 

(Aksoy, 1997). Since figs are exposed to outdoor air for a 

long time on the ground during the drying process, the 

risk of contamination with pests and pathogens is quite 

high (Flaishman et al., 2008). It has been determined that 

dried figs are contaminated with aflatoxin and ochratoxin 

A during the preparation, processing, storage, and 

distribution stages for marketing (Tosun and Delen, 

1998). It has been determined that Aspergillus species 

such as Aspergillus flavus and Aspergillus parasiticus 

cause aflatoxin formation, and many saprophytic fungi 

species such as especially A. niger and Penicillium species 

cause ochratoxin A formation in dried figs (Heperkan, 

2006). Studies on dried figs have shown the presence of 

Bacillus cereus and Escherichia coli contaminations in 

numbers ranging from 107 to 108 cfu per gram, except for 

fungi (Akbas and Ozdemir, 2008).  

The amounts of aflatoxins detected in export products 

are very high in the records of the Rapid Alert System for 
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Food and Feed (RASFF). For example, the amounts of 

aflatoxins detected in products such as hazelnuts, dried 

figs and peanuts exported in 2017 are much higher than 

the amounts allowed by Türkiye’s legislation. In Türkiye, 

137 lots in 2017 and 110 lots in 2018 of food products 

were returned due to aflatoxin residues (RASFF, 2017; 

2018). These data show that current food safety 

standards and regulations are insufficient. Therefore, the 

development of an effective disinfectant in killing 

pathogenic microorganisms in food production and 

agriculture is one of the most critical food safety steps for 

the principles of Hazard Analysis Critical Control Points 

(HACCP). The presence and proliferation of pathogenic 

microorganisms in food establishments and health 

institutions pose great risks to public health (CDC, 2013). 

The use of chemical agents as disinfectants in food and 

food processing areas is the most economical and 

common method to reduce the number of 

microorganisms that cause foodborne disease risk to 

acceptable levels (Brasil, 2007). Approved food 

disinfectants must be safe for use on food contact 

surfaces, require no rinsing after disinfection, and be free 

of dyes and fragrances (Gaulin et al., 2011). However, 

only a few products are allowed for use in food 

production areas. In addition, there is limited 

information on the fight against mycotoxin-producing 

species. Fungicides such as difenoconazole, azoxystrobin, 

thiabendazole, and copper oxychloride are effective, but 

over time, fungi develop resistance to these fungicides 

(Vasquez-Lopez et al., 2021). The most known fungicides, 

on the other hand, are not environmentally friendly and 

also leave residues. Hydrogen peroxide (H2O2) is an 

alternative sanitizing agent approved as safe by Food and 

Drug Administration (FDA), but it has been determined 

to cause phytotoxicity in both sweet cherry fruit and 

stem (Sehirli et al., 2020). Since chemical disinfectants 

used in food and food processing areas have left residues, 

more sustainable alternatives such as electrolyzed water 

(EW, electrolytically generated hypochlorous acid or 

electrochemically activated (ECA) water) have begun to 

be investigated (Ovissipour et al., 2015). In recent years, 

EW containing hypochlorous acid (HOCl) has been 

recommended as a new and promising sanitizer and 

cleaning agent. In the literature, it has been stated that 

there are 5 different types of EW according to the pH 

value. These are neutral EW (pH 7–8), acidic EW (pH 2–

3), alkaline EW (pH 10–13), slightly alkaline EW (pH 8–

10), and slightly acidic EW (pH 5–6.5) (Rahman et al., 

2016). The three germicidal factors of pH, ORP, and 

available chlorine concentration (ACC), which includes 

chlorine (Cl2), HOCl, and OCl, are used to classify the 

sterilizing methods of EOW. In the EW solutions, -OH and 

HOCl both show powerful antibacterial properties and 

antioxidant actions that support oxidative stability. 

Neutral EW (NEW) is stated to be the most promising 

among these types. NEW contain several compounds 

such as hypochlorous acid (HOCl), hypochlorite ions 

(ClO), chlorine dioxide (ClO2), and ozone (O3). NEW 

predominantly contains HOCl. HOCl compounds are more 

active in microbial cell wall penetration and oxidative 

attacks than ClO− (Veasey and Muriana, 2016). HOCl 

infiltrates the membranes of germ cells and produces 

OH-, which functions as antimicrobial agents through 

oxidation.  

Chlorine loss of NEW (pH 7; ORP 800–900 mV) is not as 

fast as that of acid EW due to Cl2 volatilization (Guentzel 

et al., 2010) and, NEW causes fewer health problems and 

has less cytotoxic secondary effects compared to acid EW 

and sodium hypochlorite (NaOCl) (Wang et al., 2007). 

The usability of EAW in food production, disinfection of 

food processing and non-food contact processing 

surfaces has been investigated by many researchers 

(Guentzel et al., 2010). NEW is a disinfectant that can be 

used safely because it has fewer adverse effects on 

workers' hands, food processing surfaces and human 

health compared to chlorine gas (Al‐Haq et al., 2005). It 

has been determined that it has the potential to be used 

successfully after harvest due to its strong effect, low 

production cost, not producing harmful by-products or 

leaving residues, and being accepted for use in organic 

production (Villarreal-Barajas et al., 2022). 

Stainless steel is the most commonly used material for 

food production surfaces in the food industry. Ayebah 

and Hung (2005) reported that there was no negative 

effect of EW water on stainless steel surfaces for 8-days. 

Although there are many studies focused on the 

antibacterial properties of NEW, studies focusing on its 

antifungal activity are not many. Some studies reported 

that NEW shown promising effects on Aspergillus spores 

isolated from peanut seeds (Xiong et al., 2010), on 

Botrytis cinerea and Monilia fructicola (Guentzel et al., 

2010), and, on Fusarium isolated from cereals 

(Audenaert et al., 2012). In the same available chlorine 

concentration level, NEW contains more .OH than acid 

EW. The .OH is an important fungicidal factor that 

damages the cellular normal function. The oxidative 

molecules in NEW destroy microbiological organisms' 

nucleic acids and enzymes, the cells finally die (Xiong et 

al., 2010). 

This study aims to determine the antimicrobial efficacy of 

NEW (63, 120, and 187 ppm free chlorine) compared to 

NaClO (531 ppm free chlorine) on B. cereus, E. coli, toxin 

producer A. flavus and P. expansum in a short time like 

15, 30 and 60 seconds both on the surface of steel plates 

inoculated organic matter (dry fig) and in the cell 

suspensions.  

 

2. Materials and Methods 
2.1. Preparation of Microorganism Cultures  

To prepare the suspensions of B. cereus ATCC 11778 and 

E. coli ATCC 35218, these bacteria were inoculated on 

Nutrient Agar (NA, Merck Ltd., Germany) and after 

incubation at 37°C for 24 h, several colonies of these 

bacteria were transferred to the tubes containing 10 mL 

of NaCl solution (0.9%, w v-1) with the sterile inoculation 

loop and finally the tubes were vortexed using a thermal 
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mixer. The final cell concentration was adjusted to 107 

log CFU mL-1. To confirm the number of bacteria in each 

culture, 0.1 mL portions of appropriately diluted culture 

were plated on NA. After incubation at 37°C overnight, 

the number of viable cells was counted and reported as 

log10 CFU g-1 sample. The prepared bacterial cultures 

were used in the experiments (Zang et al., 2019).  

P. expansum and A. flavus, isolated from fig fruits, were 

cultured on Potato Dextrose Agar plates (PDA, Merck 

Ltd., Germany) at 25°C for one week. After one week 

incubation at 25°C, the spores of P. expansum and A. 

flavus were collected and suspended in sterile Ringer's 

solution. After filtering through eight layers of sterile 

cheese-cloth, the spores were counted and adjusted to a 

final concentration of 107 cells per mL (Spadaro et al., 

2002). 

2.2. Inoculation 

 50 g of dried figs were homogenized in sterile distilled 

water with a blender (Bosch MSM66150) and then, the 

final volume was completed to 250 mL with sterile 

distilled water. The prepared 20% liquid dried fig 

solution was sterilized in an autoclave (Hirayama HG-

133) at 121 ◦C for 20 minutes. 1mL samples from the 

sterile liquid dried fig solution, which was shaken well, 

were mixed with 1mL of bacteria and fungal cultures 

(approximately 107 CFU mL-1). Thus, the final ratio of 

each liquid-dried fig solution became 10% (Zang et al., 

2019).  

Stainless steel plates (6.0 x 15.0 cm) were purchased 

from a commercial source. Before inoculation, they were 

sterilized in an autoclave (Hirayama HG-133) at 121 °C 

for 20 min after washing thoroughly with tap water. After 

sterilization, they were dried in a biosafety cabinet for 30 

minutes. 0.1 mL of a solution of figs inoculated with 

microorganisms was spread over a 5 x 5 cm area of the 

dried stainless steel plates. Then, the inoculated plates 

were left to dry for 30 minutes at room temperature in a 

biosafety cabinet so that bacteria and fungi could adhere 

completely to the surface. Each application was carried 

out in three parallels and two replications. 

2.3. Preparation of NEW 

NEW was obtained by electrolysis of a mixture of NaCl 

(20 g L-1) and tap water using a Stel-10H-120-01 

generator (Stel - 10H- 120-01, Russia) at 40.0 V, 9.0 A 

and a rate of 250 mL 22 sec-1. NEW dilutions were 

prepared by using sterile tap water, prepared by 

autoclaving at 121 °C for 15 min, at rates of 5, 10 and 

15%. Analytical indices (Oxidation Reduction Potential 

(ORR), pH and available chlorine concentration (ACC)) of 

the treated solutions were measured immediately after 5, 

10 and 15% NEW preparation. The pH was measured 

with a pH meter (HI 2211-02, HANNA, USA), and ORP 

was measured with an ORP meter (HI98120, Hanna, 

USA). The pH meter was calibrated using commercial 

standard buffers at pH 4.0 and 7.0 (Merck Ltd., Germany). 

The ACC was measured based on the iodometric method 

reported by Dychdala (1983). 

 

2.4. Direct NEW Treatment on Pure Cultures  

0.9 mL of 1% NaHOCl or NEW (5, 10 and 15%) was 

transferred to a sterile tube. 0.1 mL of bacteria and 

mould cultures were added to the tubes. The cultures 

were treated with disinfectants for 15, 30 and 60 

seconds. Another 0.1 mL liquid was mixed with sterile 

distilled water as the control. After incubation, 9 mL of 

neutralizer (0.5% Na2S2O3) was added to each tube and 

the activity of disinfectants was terminated. After a 5-

minute neutralization period, viable bacterial counts 

were determined by the dilution method. To determine 

viable cell numbers, NA was used for B. cereus ATCC 

11778 and E. coli ATCC 35218 while PDA was used for A. 

flavus and P. expansum. Nutrient agar was incubated at 

37 °C for 24 hours while PDA was incubated at 25 °C for 

3-5 days (Messer et al., 2000). The sterilization rate was 

calculated using the below equation.  

Sterilization rate (%) = 100 (Mc-MT)/Mc  

Where, Mc is the total number of microbial colonies 

before disinfection, CFU mL-1; MT is the total number of 

microbial colonies after disinfection, CFU mL-1. 

Each application was carried out in three parallels and 

two replications. The average values of the outcomes 

were presented. 

2.5. NEW Treatment on Inoculated Steel Plates and 

Microbiological Analysis 

1% NaHOCl (with 531 ppm free chlorine), and different 

concentrations of NEW, 5% (with 63 ppm free chlorine), 

10% (with 120 ppm free chlorine), and 15% (with 187 

ppm free chlorine) and sterile physiological water as a 

control were sprayed separately on the inoculated 

stainless steel plates. After different application times of 

15, 30 and 60 seconds, the samples collected from the 

surface by wiping 20 times with sterile swabs were 

transferred to tubes containing 9 mL neutralizer (0.5% 

Na2S2O3) for microbial analysis. After the tubes were 

thoroughly mixed with a vortex device at 1500 rpm, the 

numbers of viable microorganisms were determined by 

the dilution method. To determine viable cell numbers, 

NA was used for B. cereus ATCC 11778 and E. coli ATCC 

35218 while PDA was used for A. flavus and P. expansum. 

NA was incubated at 37 °C for 24 hours while PDA was 

incubated at 25 °C for 3-5 days (Messer et al., 2000). The 

inactivation rate was calculated using the above 

equation. Each application was carried out in three 

parallels and two replications. The average values of the 

outcomes were presented. 

2.6. Statistical Analysis 

Each application was of complete randomized design and 

carried out in three parallels and two replications. 

Results were analyzed by One-way ANOVA using the LSD 

test (P<0.05) to determine differences in the efficiencies 

of disinfectants on microbial inactivation. The statistical 

analyses were performed with the statistical program 

JMP Pro 11. 
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3. Results and Discussion 
For consumers, food safety is very important. A very 

important step before bringing food to market is cleaning 

and sterilization. If food processing surfaces are not 

cleaned and disinfected effectively, microbial 

contamination can cause food-borne health problems. 

Several factors complicate or limit the reduction of 

microbial load and the application of chemical food 

disinfectants, such as the nature, species, and initial 

number of any residual microorganisms on the surface, 

the nature of the organic and inorganic content present 

on the surface, the effective dose of the disinfectant, the 

contact time, presence of chemical residues after 

disinfection, corrosion on food contact surfaces. Therfore, 

alternatives to traditional disinfectants have been 

investigated (Wang et al., 2016).  

In recent years, a lot of research has been conducted on 

electrolyzed water. Most of the studies with EW have 

focused on gram-positive and negative bacteria that do 

not form endospores in food contamination (Al-Qadiri et 

al., 2016; Ovissipour et al., 2015). But, Al-Qadiri et al., 

(2019) examined the antimicrobial activity of NEW 

against endospore-forming Bacillus cereus and 

Clostridium perfringens in cell suspensions laboratory 

inoculated fresh produce and polypropylene cutting 

board surfaces.  

This study might be the first study to show the efficacy of 

NEW with low ACC concentrations on endospores and 

toxin-forming microorganisms in such a short time on 

dried fig-contaminated surfaces 

In our study, it was investigated the effectiveness of NEW 

containing very low concentrations of ACC (63 -187 ppm) 

(Table 1) in very short periods (15-60 seconds) against 

toxin-producing moulds (A. flavus and P. expansum) as 

well as gram-negative bacteria (E. coli ATCC 35218) and 

gram-positive endospore-forming bacteria (B. cereus 

ATCC 11778) both in pure cultures and on surfaces 

containing organic matter.  

 

Table 1. Concentration and physicochemical properties of NEW used in the efficacy test 

Concentration (%) pH ORP (mV) ACC (ppm) 

5 

10 

15 

7.64 

7.62 

7.6 

850 

865 

880 

63 

120 

187 

 

NEW application showed a broad spectrum effect on the 

microorganisms, which was used in experiments (Table 2 

and 3). It was observed that there were significant 

differences in the decrease in the number of bacteria and 

fungi depending on the application time, presence of 

organic matter and concentration. The maximum 

inactivation effect was obtained after 60 seconds of 

application of NEW containing 187 ppm ACC. In the first 

15 seconds of application of NEW (5, 10 and 15%) in the 

cell suspensions, the extents of reductions (%) were 8.95, 

25.29, and 28.39 for E. coli, 6.78, 7.47, and 32.23 for B. 

cereus, 7.03, 31.12, and 35.25 for A. flavus, 63.36 , 100 

and 100 for P. expansum, respectively. The extents of 

reductions (%) of sodium hypochlorite containing 531 

ppm ACC in the same duration were 18.8 for E. coli, 9.86 

for B. cereus, 35.10 for A. flavus and 59.14 for P. 

expansum, respectively. 60 seconds application of NEW 

has a significantly (P<0.05) high inhibitory effect when 

compared with its 15 and 30 seconds application results. 

The extents of reductions (%) of NEW for 60 seconds 

were 48.8, 100 and 100 for E. coli, 11.39, 13.37 and 32.23 

for B. cereus, 7.12, 36.52 and 100 for A. flavus and 100, 

100 and 100 for P. expansum, respectively. In the same 

duration, the extents of reductions (%) of sodium 

hypochlorite containing 531 ppm ACC were 29.56 for E. 

coli, 23.48 for B. cereus, 39.19 for A. flavus and 69.92 for 

P. expansum, respectively. Considering the results of the 

study, it is seen that sodium hypochlorite, which contains 

2.84 times more ACC (531 ppm), does not have as much 

inactivation effect as 15% NEW (187 ppm ACC). In 

addition, it is seen that there are clear differences in the 

resistance of spore-forming bacteria and non-spore-

forming bacteria. Kim et al., (2000) showed that within 

60 seconds, acid EW (pH 2.5, ORP of 1123 mV, and 10 mg 

L-1 free available chlorine (FAC)) caused a reduction of 10 

log CFU mL-1 in E. coli O157:H7 and a reduction of 3 log 

CFU mL-1 in spore-forming B. cereus which was more 

resistant. 

Al-Qadiri et al., (2019) reported that after a minute 

application of NEW containing 120 mg L-1 FAC on B. 

cereus in the cell suspension, the number of spore-

forming B. cereus decreased from 5.85 to 3.72 log 10 CFU 

ml-1, that is, NEW had an inhibiting effect of 36% in the 

number of spore-forming bacteria. In our study, the 

inhibition effect of NEW containing 187 ppm ACC on B. 

cereus within 1 minute was 32.23%. It has also been 

confirmed in previous studies that endospore-forming 

bacteria are less sensitive to chemicals such as EW and 

nisin than non-spore-forming bacteria (Kim et al., 2000; 

Al-Qadiri et al., 2019). 

When the rate of microbial inactivation of NEW on the 

inoculated steel surfaces (Table 3) compares with that of 

cell suspensions (Table 2), it is seen that the cells in the 

cell suspensions are more sensitive to NEW. As the 

reduction ratios (%) on the surface of steel plates after 

60 seconds of treatment with NEW ranged from 17.66 to 

40.07 for E. coli, 23.93–31.77 for B. cereus, 10.91–30.91 

for A. flavus and, 49.77–64.85 for P. expansum, the 

reduction ratios (%) by 1% NaClO were 19.38, 11.70, 7.5 

and 46.52 for E. coli, B. cereus, A. flavus, and P. expansum, 

respectively (Table 3). The results of the study showed 

that the presence of organic matter on the surface has 
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negative effects on reducing the microbial load and the 

antimicrobial activity of NEW increased as the ACC 

concentration increased (Table 2 and 3).  

 Al-Qadiri et al., (2016) investigated the efficiency of NEW 

(ORP = 805 mV, pH = 6.6, and ACC = 200 mg L-1) on 5 

different non spore-forming bacteria (Staphylococcus 

aureus, E. coli O157:H7, S. typhimirium, L. monocytogenes 

and C. jejuni) inoculated on the surfaces of wooden and 

polypropylene food cutting boards. The results of the 

study showed that the contact time, surface properties 

and the presence of organic matter on the surface have 

positive or negative effects on reducing the microbial 

load. Al-Qadiri et al., (2019), in another study, examined 

the antimicrobial activity of NEW (pH = 6.6, ORP = 805 

mV, and ACC= 120 mg L-1) on two different endospore-

forming bacteria (B. cereus and C. perfringens) inoculated 

on the surface of a polypropylene cutting board. They 

found that a 5-minutes application of NEW caused a 

decrease of 2.33 log CFU / 100 cm2 in the number of B. 

cereus and a decrease of 3.06 log CFU / 100 cm2 in the 

number of C. perfringens. When we compare the two 

studies conducted on the surface of food cutting boards 

by Al-Qadiri et al., in 2016 and 2019, it is seen that NEW 

is more effective on non-spore-forming bacteria than 

spore-forming bacteria. In our study, on stainless steel 

surfaces inoculated with 10% dried fig solution, 15% 

NEW inactivated E. coli at a rate of 40.07% within 60 

seconds, while inactivating spore-forming B. cereus at a 

rate of 31.77% (Table 3). These data are similar to the 

literature. 

 

Table 2. Sterilization effect of NEW and NaClO in cell suspensions* 

Disinfectant 
Disinfectant 
concentratio

n (%) 

ACC 
(ppm) 

Treatment 
solution time 

(sec.) 

Inactivation Rate (%) 

E.coli 
ATCC 

35218 

B.cereus 
ATCC 

11778 
A.flavus P. expansum 

NEW 

5 63 
15 8.95ı 6.78f 7.03g 63.36d 

30 13.92h 7.29f 8.39g 69.36bc 
60 48.80b 11.39de 7.12g 100.00a 

10 120 

15 25.29e 7.47f 31.12f 100.00a 

30 100.00a 9.79e 33.30ef 100.00a 

60 100.00a 13.37cd 36.52cde 100.00a 

15 187 

15 28.39d 32.23a 35.25de 100.00a 

30 100.00a 32.23a 42.98b 100.00a 

60 100.00a 32.23a 100.00a 100.00a 

NaClO 1 531 

15 18.80g 9.86e 35.10de 59.14e 

30 22.57f 14.59c 37.69cd 66.11cd 

60 29.56c 23.48b 39.19bc 69.92b 
a-ı Indicate the differences in the columns.  
*It was grouped in the Ninety-five Percent Confidence Interval with the LSD Test. In random blocks, the project was carried out 
according to the factorial trial design (2 factors- 1. Factor disinfectants, 2. Factor application time). Since the data are percent values, 
the square root transformation was applied. 
 

Table 3. Sterilization effect of NEW and NaClO on the surface of steel plates in the presence of organic matter artificially 

inoculated with a final 10% liquid dried fig solution 
 

Disinfectant 
Disinfectant 
concentratio

n (%) 

ACC 
(ppm) 

Treatment 
solution time 

(sec.) 

Inactivation Rate (%) 

E.coli 
ATCC 

35218 

B.cereus 
ATCC 

11778 
A.flavus P. expansum 

NEW 

5 63 

15 2.13e 18.60 10.27 40.71g 

30 7.65d 18.42 10.39 41.40g 

60 17.66c 23.93 10.91 49.77de 

10 120 

15 8.55d 15.81 16.09 51.18d 

30 32.46b 19.51 17.70 52.66cd 

60 53.36a 25.13 18.39 57.19b 

15 187 

15 17.53c 26.25 27.62 51.43d 

30 36.12b 27.82 25.78 55.93bc 

60 40.07b 31.77 30.91 64.85a 

NaClO 1 531 

15 15.87c 9.325 8.32 46.37ef 

30 18.74c 10.63 7.87 45.28f 

60 19.38 c 11.70 7.50 46.52ef 
a-g Indicate the differences in the columns.  
*It was grouped in the Ninety-five Percent Confidence Interval with the LSD Test. In random blocks, the project was carried out 
according to the factorial trial design (2 factors- 1. Factor disinfectants, 2. Factor application time). Since the data are percent values, 
the square root transformation was applied. 
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The presence of mycotoxin-producing fungi in food 

processing and packaging areas is a matter of concern. 

They first contaminate food products and then produce 

toxins. To avoid these downsides, food processing areas, 

and equipment must be sanitized with an effective 

antifungal agent using an effective hygiene procedure 

(Lemos et al., 2020). Sodium hypochlorite is the most 

commonly used agent in the food industry in Brazil as a 

sanitizer. It is quite popular in the food industry 

worldwide. When used alone against mycotoxin-

producing fungi in the food industry, sodium 

hypochlorite is ineffective due to fungal spores 

(Menegaro et al., 2016). The results of our study showed 

that 15% NEW (187 ppm ACC) against Sodium 

hypochlorite containing 531 ppm ACC was more effective 

on fungal spores (Tables 2 and 3). 

Buck et al. (2002) showed that A. flavus and A. niger 

spores (5 × 106 conidia mL-1) were completely eliminated 

within 30 seconds by acid EW (54-56 ppm ACC). Xiong et 

al., (2010) demonstrated that NEW was more effective 

than acid EW in the inhibition of A. flavus spores. It was 

determined by Yamaner et al., (2016) that 5% NEW at 

50°C caused a reduction of 5.54 log CFU ml-1 in the 

number of A. flavus spores and a reduction of 7 log CFU 

ml-1 in the number of P. expansum spores in one minute. 

It is seen that P. expansum spores are more sensitive to 

NEW compared to A. flavus spores. These results show 

parallelism with the data of our study (Tables 2 and 3). 

Lemos et al., (2020) determined that the effectiveness of 

acid (pH 2.67) and basic (pH 11.29) electrolyzed water 

(ACC 121 ppm) on toxigenic Aspergillus species was low 

(reduction rate of Aspergillus species < 3 log CFU g-1). In 

our study, although a 100% inactivation rate was 

reached in 60 seconds when 15% NEW was applied 

directly to A. flavus and P. expansum spores, the 

inactivation rates were 30.91% for A. flavus and 64.85% 

for P. expansum in the presence of organic material (10% 

dried fig liquid) on the stainless steel surface under the 

same conditions. When 1% NaClO was applied to 

stainless steel surfaces for 60 seconds, it caused an 

inactivation of 7.5% in the number of A. flavus and 

46.52% in the number of P. expansum. Therefore, NEW is 

a very good potential disinfectant compared to NaClO in 

the presence of organic matter, especially in the food 

industry.  

Preventing fungal contaminations and minimizing cross-

contaminations before and after harvest is vital (Al-Haq 

et al., 2005). The use of NEW, a new and promising 

disinfectant and cleaning agent, in surface cleaning 

minimizes corrosion and reduces the negative risks 

associated with the use of conventional decontaminating 

agents (Guentzel, 2008). It has also become popular in 

the food industry in recent years (Villarreal-Barajas et al., 

2022). 

Electrolyzed water is widely used as an antibacterial 

agent in many fields such as agriculture, animal 

husbandry, food sanitation, medicine, etc. EW has been 

approved for use as a food sanitizer in Russia, Japan and 

China. The fact that EW is 100% organic, non-toxic, and 

low-cost makes its use widespread in both households 

and industrial applications. The results of this study 

showed that NEW can be used effectively in the 

disinfection of fig processing surfaces in the fig industry. 

 

4. Conclusion 
Fig infection by toxigenic fungi reported in several 

studies. Sanitation of food processing surfaces is very 

important in preventing cross-contamination. But, no 

study has been conducted related to the use of 

electrolyzed water treatments as a fungicide and 

bactericide on fig processing surfaces in the fig industry. 

This is the first study in this field. The results of this 

study showed that 15% NEW can be used effectively in 

the disinfection of fig processing surfaces in the fig 

industry. 
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