
 

Journal of Agricultural Sciences (Tarim Bilimleri Dergisi)                                          2022, 28 (2) : 232 - 238                                                                                              DOI: 10.15832/ankutbd.818884 
 

 

Journal of Agricultural Sciences 
(Tarim Bilimleri Dergisi)  

 
J Agr Sci-Tarim Bili 
e-ISSN: 2148-9297 

jas.ankara.edu.tr  
 

 

The Effect of Neutral Electrolyzed Water on the Microbial Population and Quality of 

Dried Figs (Ficus carica L.) During Storage  
  

Çiğdem YAMANERa  

a
Isparta University of Applied Sciences, Faculty of Agriculture, Dept. of Agricultural Biotechnology, Isparta, TURKEY 

 
ARTICLE INFO  
Research Article  
Corresponding Author: Çiğdem YAMANER, E-mail: cigdemyamaner@isparta.edu.tr 

Received: 31 October 2020 / Revised: 01 May 2021 / Accepted: 01 May 2021 / Online: 25 March 2022   

 

ABSTRACT 
Fig is one of economically the most important agricultural products and 

preserving its quality is of crucial importance. In this study, the efficiency 

of Neutral Electrolyzed Water (NEW) in the controlling of the microbial 

load of dried figs was researched. For this reason, it was used three 

different fig groups. The first group was washed with 10% NEW, the 

second group was washed with 6% salty water at 50 °C for 1 min, and 

finally, the third group did not wash as control group. The samples were 

taken at the beginning of the storage and in monthly periods through 6 

months. Initial average amount of mesophilic aerophilic bacteria (MAB) 

was 3.89 log cfu g-1. This amount was reduced to 0.73 log cfu g-1 after 6 

months storage in the group washed with NEW and 2.52 log cfu g-1 in the 

group washed with salty water. The yeast-mold number was reduced from 

3.08 log cfu g-1 to 0.96 log cfu g-1 in the group washed with NEW and 1.9 

log cfu g-1 in the group washed with salty water at the end of the 2nd 

month. It was determined that both applications in comparison with the 

control group did not cause an important change in physical and chemical 

parameters such as colour and pH of dried figs. These results show that 

NEW can be used as a more safe and effective method in reducing the 

microbial load in comparison with the standard application. 
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1. Introduction 
 

Fig (Ficus carica L.) is an economically valuable and highly valued fruit. Its growing area is mostly the Mediterranean region 

(Stover et al. 2007) in which mild winters and hot dry summers are typical seasonal characteristics. In Turkey, it mainly grows 

in the Aegean region. With the yearly production of fresh figs of 306.499 tons (TUİK, 2018/2019) and dried fig of 72.000 tons 

(FAO, 2016/2017), Turkey ranks the first in the World in fig production.  

 

Figs are generally dried on racks under the sun and among critical foods for microbiological contamination at the stages of 

harvesting, drying, storing, shipment and processing. They are generally contaminated with Escherichia coli, Bacillus cereus 

and its spores, Penicillium spp. and Aspergillus spp. (Frazier & Westhoff 1988; Boudra et al. 1994). The number of the 

microorganisms in the dried figs can reach up to 107–108 cfu g-1 under poor storage conditions and especially in inadequate 

storage conditions. Inadequate storage conditions increase aflatoxin (AF), ochratoxin A, and fumonisin risk which can cause 

hepatocellular carcinoma and cancer and immunosuppression for humans. Boudra et al. (1994) reported that the highest level of 

AF levels of dried figs was determined 6 times higher than fresh frigs and also, 30 times higher than unripe ones.   

 

In routine Turkish plants, dried figs are first washed with salty (3-6% NaCl) high-temperature water (60-80 ºC) to reduce 

surface contamination and soften them. 

 

One of the feasible alternatives to salty hot water can be electrochemical disinfection including acid electrolyzed water 

(AEW) and neutral electrolyzed water (NEW). Electrolyzed water is generated in electrolysis chamber, through anodes and 

cathodes separated by an ion-permeable membrane, using sodium chloride water solution. This process produces chlorine 

compounds such as hypochlorous acid (HOCl), hypochlorite ions (ClO-) and chlorine (Cl2) (Guentzel et al. 2010). These 

compounds are responsible for the effectiveness of electrolyzed water. It has been well documented that AEW has a strong 

bactericidal and antifungal effect against various microorganisms, attached to fruit and vegetables, including Escherichia coli, 

Bacillus cereus, and Bacillus subtilis (Ileri et al. 2006; Ding et al. 2011; Graça et al. 2011; Hao et al. 2011). Although having 

potential antimicrobial activity, AEW has a relatively low pH of 2-3 at which Cl2 is easy to volatilize into the air which 

consequently poses threat to health. Moreover, AEW may be corrosive to organic materials due to its high acidity, which 

ultimately limits its application (Rahman et al. 2010).  
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In theory, the main types of chlorine in electrolyzed water are HOCl and ClO- at pH between 6.0 and 9.0 (White 1998). NEW 

has a neutral pH of 7–8, resulting in less corrosion of contact surfaces and greater stability of chlorine agents (Len et al. 2002). 

It has been shown that NEW has strong antibacterial or antifungal, or anti-mycotoxigenic effect against Yersinia enterocolitica, 

E. coli, Candida lambica in fresh-cut vegetable washing water (Lehto et al. 2017), Colletotrichum fructicola on strawberry 

(Hirayama et al. 2016), indigenous flora of cabbage and carrot (Lee et al. 2014), Alycyclobacillus acidoterrestris spores on apples 

(Torlak 2014), mesophilic bacteria, psychrophilic bacteria, enterobacteria, yeast and molds in broccoli (Navarro-Rico et al. 

2014), E. coli O157:H7, Salmonella enteretidis and Listeria monocytogenes on the surface of tomatoes (Deza et al. 2003),  E. 

coli, spores of Bacillus cereus, Aspergillus flavus, Penicillium expansum isolated of fig fruit (Yamaner et al. 2016), and aflatoxin- 

contaminated Maize (Jardon-Xicotencatl et al. 2015).  

 

The aim of this study is to assess the efficiency of NEW as a disinfectant in reducing total number of mesophilic aerophilic 

bacteria (MAB), yeasts and mold on dried figs stored at room temperature for 6 months by comparison with salty water which 

is a routine process in Turkey. This is the first study about NEW effects on microbial load and physicochemical properties of 

dried figs. 

 

2. Material and Methods 
 

2. 1. The preparation of neutral electrolyzed water 

 

NEW was obtained by electrolysis of a mixture of NaCl (20 g L-1) and tap water using 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. NEW dilutions were prepared by using sterile tap water, 

prepared by autoclaving at 121 °C for 15 min, at rates of 10%. The concentration of NEW and the time of exposure to the washing 

treatments was selected based on previous studies (Yamaner et al. 2016). Analytical indices [Oxidation Reduction Potential 

(ORR), pH and available chlorine concentration (ACC)] of the treated solutions were measured immediately after 10% 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 on the basis of the iodometric method reported by Dychdala (1983). 

 

2. 2. Washing the figs and storing the samples 

 

 In this study, while one fig group was washed with 10% NEW, the other group was washed with 6% salty water which is the 

standard practice. Samples in the third group were stored as control group without any processing. The washing processes were 

performed for 1 min at 50 °C in a laboratory setting. After washing, each group was stored from November to May.  

 

2. 3. Determining microbial load of samples 

 

Ten fig samples from each group were randomly chosen at the beginning of the storage and in monthly periods for determining 

microbial load. By taking small parts of 1 g from the exterior surface of each of these samples under aseptic conditions, a total 

of 10 g sample was prepared. This sample was transferred into sterile peptone water (0.1 w/v%) and stirred in a magnetic stirrer 

for 5 minutes to homogenize the sample (Öztekin et al. 2006). Ten-fold dilutions were prepared from homogenate. 1 mL was 

taken from each dilution rate and inoculations were performed by using surface spread method to Nutrient Agar (NA) (Merck 

KGaA, Germany) for the total MAB count and to Potato Dextrose Agar (PDA) (Merck KGaA, Germany) (its pH was reduced 

to 3.5 with 10% lactic acid) for the yeast and molds count. The NA plates were incubated at 30 °C for 48 h, while PDA plates 

were incubated at 25 °C for 3-5 days (Messer et al. 2000). The inoculations were carried out with 3 parallels in 3 repetitions. 

After incubation, the colonies of the microorganisms were counted and results were recorded. Count of totally MAB and yeast-

mold was calculated as log colony forming unit per gram (log cfu g-1). 

 

2. 4. Physicochemical analyses 

 

pH values of the dried figs were determined with a pH meter (HI 2211-02, HANNA, USA), according to AOAC (1990) method 

970.21. The colour of the samples was measured with a Minolta chromameter (Minolta, model CR310, Osaka, Japan) 

(Cemeroğlu 2007). Using L*, a*, b* values according to Mohammadi et al. (2008), the browning index (B.I) was calculated. 

Moisture contents of the samples were determined using dried fruit moisture tester meter - Type A series (DFA of California, 

PO Box 270A, Santa Clara). The conductivity values obtained were converted into % moisture content from the device's 

conversion table. For water activity measurement, fruit at room temperature were minced. The pulps were placed in the TESTO 

650 reference measurement device and their water activity was read (Cemeroğlu 2007). All physicochemical analyses were 

carried out with 10 fig samples from each group. 

 

2. 5. Statistical analysis 

 

All experiments were of complete randomised design and carried out with 3 parallels in 3 repetitions. Results were analysed by 

One-way ANOVA using the Duncan’s multiple range test (P<0.05) to determine differences in effects of treatments on microbial 
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inactivation. The statistical analyses were performed with SPSS (version 15.0). 

 

3. Results and Discussion 
 

3. 1. Physicochemical properties of NEW solution.  

 

To facilitate the NEW usage for fig process, 10% NEW concentrations were prepared by tap water. The ORP, pH and ACC for 

the treated solutions (NEW) are shown in Table 1.  

 
Table 1- Physicochemical properties of 10% NEW solution 

 

 

 

 

 

 

 

ACC composes of Cl2 gas, HOCl and ClO-. Composition of ACC (%) in EW changes depending to pH values. At lower pH 

(0-2.0), chlorine exists in gas form. Cl2 proportion decreases as pH value increases. At pH 5.0-6.5, HOCl concentration is the 

highest amount. As pH increases, HOCl dissociates into ClO- (Rahman et al. 2016). In this study, 10% NEW was produced 

which has 7.65 pH and 71.4 ppm ACC values. Therefore, predominant composition of ACC in this solution consists of HOCl 

and ClO.  

 

3. 2. Microbiological analysis results  

 

In this study, MAB and yeast-mold loads of samples were determined before and after the washings for understanding the 

effectiveness of NEW on microbial loads (Tables 2 and 3). Dried figs wait between 3-6 months until they reach the consumer 

from the post-harvest producer warehouses, wholesaler warehouses and finally the warehouses of the fig processing plants. 

Considering these storage periods, the study is established on a 6-month storage period.  

 
Table 2- Efficacy of treatment solutions (10% NEW and 6% salty water) against MAB load on surface of dried figs during the 

storage time* 
 

 

AB: Values followed by the same letter in the same row are not significantly different (P < 0.05); ab: Values followed by the same letter in the same column are 
not significantly different (P < 0.05); *: Data are reported as mean ± standard deviation 

 
Table 3- Efficacy of treatment solutions (10% NEW and 6% salty water) against yeast-mold load on surface of dried figs 

during the storage time* 

 

AB: Values followed by the same letter in the same row are not significantly different (P < 0.05); ab: Values followed by the same letter in the same column are 

not significantly different (P < 0.05); *: Data are reported as mean ± standard deviation 
 

The number of MAB was decreased by 81% in the group washed with 10% NEW after 6 months of storage. In the same 

period, the number of MAB was decreased by 35% in the group washed with 6% salty water (Table 2). The yeast-mold count 

was decreased by 69% in the group washed with 10% NEW after 2 months storage. In the same period, the yeast-mold count 

was decreased by 38% in the group washed with 6% salty water (Table 3).  

 

Concentrations (%) 10 

pH 7.65 

EC (mS) 2.5 

ORP (mV) 855 

ACC (ppm) 71.4 

Treatments                                                  Storage Time (Month) 

 Before 

washing 

After  

washing 
      1      2     3     4       5      6 

    MAB count (log cfu g-1) 
                                        MAB count (log cfu g-1)  

Control 3.89±0.05Ca 3.89±0.05Cc  3.35±0.00Bc 3.33±0.05Bc 3.24±0.07Bc 3.25±0.07Bc 3.04±0.03Ab 3.27±0.11Bb 

6% salty water 3.87±0.03Ea 3.32±0.14Db  2.61±0.14BCb 2.31±0.28Ab 2.82±0.17Cb 2.58±0.09ABCb 2.66±0.05BCb 2.52±0.17ABb 

10% NEW 3.89±0.03Da 2.71±0.16Ca   2.15±0.22BCa 1.88±0.11BCa 1.94±0.17BCa 1.38±0.40ABa 1.79±0.36BCa 0.73±1.26Aa 

Treatment 

Solution 

  

                                                Storage Time (Month) 

Before  

washing 

After  

washing 
 1 2 3 4 5 6 

Yeast-mold count  

(log cfu g-1) 
                                          Yeast-mold count (log cfu g-1) 

Control 3.34±0.47Ba 3.36±0.46Bb  3.01±0.29ABb 2.81±0.60ABc 2.78±0.40ABb 2.82±0.30ABb 2.47±0.53ABb 1.95±1.25Aa 

6% salty water 3.07±0.04Ea 2.89±0.20DEab  2.48±0.10CDEa 1.9±0.25BCb 2.06±0.63BCab 2.34±0.22CDab 1.47±0.42ABab 0.97±0.66Aa 

10% NEW 3.08±0.03Ea 2.6±0.28DEa   2.10±0.21CDa 0.96±0.26ABa 1.5±0.49BCa 1.32±0.86ABCa 0.77±0.67ABa 0.5±0.69Aa 
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The rate of decrease in yeast-mold load in fig samples washed with 10% NEW in the 2nd month was 69%, but this rate 

decreased in the third month. The reason for this decrease is that the storage conditions are not controlled and the water activities 

of the stored fig samples increase from aw 0.69 to 0.78 due to seasonal changes (Figure 1). Therefore, since the 2nd month of 

the storage, there have been fluctuations in the yeast-mold number of the stored figs due to the fluctuation in water activity. The 

fluctuation in water activity and yeast-mold count of fig samples washed with 10% NEW was also observed in fig samples stored 

under the same conditions and washed with 6% salty water. In general, the lowest water activity required for bacterial growth is 

aw 0.85, while this value for fungi is aw 0.65 (Manolopoulou et al. 2017). Therefore, the fluctuations between aw 0.6 and 0.8 of 

the water activities values of figs in storage conditions did not affect the MAB load as much as the yeast mold number.  As a 

result, 10% NEW is significantly (P<0.05) more effective than 6% salty water at all the storage periods for all microorganisms.  

 

 
Figure 1- Water activities changes on threated figs during the storage period 

 

Deza et al. (2003) reported a more reduction than 4 log for Escherichia coli O157:H7, Salmonella enteritidis and Listeria 

monocytogenes on tomato surfaces exposed to NEW (pH: 7.99-8.15, ORP:745-771 mV, Cl:86-93 mg L-1) for 1 min. Graça et al. 

(2011) explored sanitizing effect of NEW (pH: 8.39, ORP:753 mV, Cl:50 mg L-1) containing 50 mg L-1 of active chlorine for 

Escherichia coli, Listeria innocua and Salmonella choleraesuis on fresh-cut apples. They reported that all microorganisms tested 

on apple slices were reduced by about 1.50 log in 5 min. Torlak (2014) observed a reduction of 1.98 log spore counts of 

Alicyclobacillus acidoterrestris on apples surfaces exposed to NEW (pH: 7.52, ORP:770 mV, Cl:50 mg L-1) for 1 min. In all of 

three studies using NEW above, the materials and bacteria that were tested and NEW exposure durations, are different. Therefore, 

the low bacterial inactivation rate in the study that has longer NEW treatment duration from these three studies may arise from 

difference of the materials and bacteria that were tested. Graça et al. (2011) reported that the structure of surfaces of materials 

that were tested can likely affects resistance of microorganism to detachment by washing agents and to inactivation by 

antimicrobial agents. Since the surface of figs used in our study is not smooth like that of tomato, the inactivation power of 10% 

NEW may have decreased. Graça et al. (2011) also indicated that chlorine reacts with organic matter and some ingredients from 

tissues of cut fruit surfaces, diminishing its efficiency which does not occur in vegetable). If fig had been a smoother surface and 

less organic matter on its surface, it would have been obtained a more microbial reduction than 3.16 log for MAB and ≥2.1 log 

for yeast and mold.   

 

In this study, the microbial inactivation power of 10% NEW may also be affected from its application temperature (50 °C). 

Yamaner et al. (2016) reported that while NEW (5%, 33.9 mg L-1) application for 1 min led a reduction of 0.5 log cfu mL-1 on 

spores of A. flavus at 22 °C, the numbers of spores of A. flavus were reduced more than 6 log cfu ml-1 by NEW (33.9 mg L-1 

ACC) application for 1 at 50 °C. It has been showed that a higher temperature helped EW to more effectively inactive 

microorganisms. Consequently, the duration and way of application (spray, dip, or others), pH, ACC, ORP, temperatures of 

NEW are just some variables that can be combined to find the better results of NEW application (Athayde et al. 2018). 
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Although there is no study on antimicrobial effect of electrolyzed water for fig, there are some studies on disinfection of fig 

by ozone exposure. Öztekin et al. (2006) exposed the dried figs to 10 ppm ozone for 5 h. While the total MAB count was 

decreased from 2.57 to 1.59 log cfu g-1, the yeast-mold count was reduced from 1.46 to 0.40 log cfu g-1 for 5-hour ozone exposure. 

They reported that as the ozone dosage and exposure duration were reduced, microbial inactivation rate also decreased. In 

addition, up to 2 log reductions in the number B. cereus spores were obtained after 360 min-ozonation exposure above 1.0 ppm 

(Akbas et al. 2008). Given the processing and packaging duration of dried figs in an enterprise, 5-6 hours ozone treatment is too 

long and unsuitable for dried fig enterprises. As a result, NEW has shorter application duration than ozone for disinfection, more 

antimicrobial activity than salty water, low production and application cost. Also, it is an all-natural, organic, non-toxic, non-

irritant, environmentally and ecologically safe sanitizing and disinfecting solution (Rahman et al. 2016), so 10% NEW should 

be used in fig enterprises. Also, the results show that NEW should be used together with suitable high temperatures. 

 

3. 3. Physicochemical characteristics of stored figs  

 

Water activities (aw) of washed figs (for 1 min at 50 ºC) just after 10% NEW and 6% salty water treatment increased from 0.67 

to 0.76 and 0.73, respectively (Figure 1). In parallel with the aw value increasing as a result of the washing the dried figs, moisture 

content (%), too, increased from 17.4 up to 23 just after 10% NEW and 6% salty water treatment (Figure 2). It was detected that 

a decrease (from aw 0.76 to 0.72 for samples washed with NEW, from aw 0.73 to 0.69 for samples washed with 6% salty water) 

in water activity during storage up to 2nd month and an increase from 2nd to 6th month exist. It was determined that the % 

humidity rate of the washed samples varied between 23% and 24.5%. The changes in water activity and % humidity may have 

resulted from ordinary storage conditions of the samples and seasonal changes. The aw and moisture values of figs in all three 

groups including the control group (which was not washed) showed slight fluctuations due to seasons changes in the storage 

period (Figures 1 and 2).   

 

Water activity is an important parameter for the toxigenic fungus and mycotoxin formation during the harvest and processing 

of figs. Heperkan (2006) reported that Aspergillus section Nigri existed at a rate of 100% in samples obtained from storage. The 

main ochratoxin A producers in figs in Turkey are A. carbonarius and A. niger (Karbancioglu-Güler & Heperkan 2008). Also, 

it was reported that A. niger in dried figs was a fumonisin producer (Daskaya & Heperkan 2010). The drying process of fig can 

lead to a selective and suitable environment for A. niger that are xerotolerant, for while the moisture content of fig diminishes, 

the sugar content increases (Heperkan et al. 2012). Consequently, the washing dried figs with 10% NEW to reduce the A. niger 

load in dried figs is important for human health. 
 

 
Figure 2- Changes in the moisture levels (%) on dried figs during storage 

 

Colour is one of the most important quality parameters for the consumers. Colour values were expressed as L (whiteness, 

brightness /blackness), a (redness/ greenness) and b (yellowness/blueness) (Table 4). It is seen that while the L-value of the figs 

in the control group is 63.23, L-value of the dried figs washed with 10% NEW is 61.45 and L value of figs washed with 6% salty 

water is 62.39. The browning index of the control group, the samples washed with 6% salty water and 10% NEW were detected 

to vary between 85.52 - 76.43; 90.35 - 76.76 and 97.44 - 75.81, respectively during storage. The Browning index values obtained 

in this study correspond with the sun-dried fig browning index values reported by Manolopoulou et al. (2017). Also, in this study, 
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B.I of figs washed with 10% NEW is parallel to those of figs washed with 6% salty water, which is the standard practice. L *, a 

*, b * and B.I values of all three groups are given in Table 4. 

 
 Table 4- Changes in the colour values during the storage period after the washing of dried figs 

 

 
*: The sample taken after the washing, before the storage. 

 

4. Conclusions 
 

In this study, the efficiency of 10% NEW and 6% salty water on microbial load on the surface and physicochemical properties 

of dried fig samples during the storage for six months was compared. Microbiological and physicochemical results show that 

washing figs with 10% NEW for 1 min at 50 °C is better than 6% salty water for disinfection of figs. By its neutral pH level,  

electrolyzed water usage became a safer and easier alternative for food industry. The NEW is thought to be more effective 

alternative for the salty water used in fig plants. According to our current information, this study is the first report on the 

applicability of NEW in the controlling of the microbial population of dried figs and provides a scientific background for further 

experiments  
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