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Abstract  

acillus cereus is a frequent pathogenic contaminant of the Egyptian white soft cheese as the 

bacteria and its spores can withstand the industrial conditions of such products. With a growing 

search for sustainable, cheap and eco-friendly disinfection and sanitation technologies in food 

industry sector, Electrolyzed water with all its types are innovative and promising solutions that 

improve safety, quality, and operational efficiency of this field. In this research trial we studied the 

possibility of the electrolyzed water, either alkaline (AEW) or neutral (NEW) or combined, to control 

Bacillus cereus and act as a safe preservative to white soft cheese (which is a type of our traditional 

white cheese made from raw milk without any preservatives or even enough heat treatment as boiling 

or pasteurization of the used milk ) . The experiment revealed a promising effect of both types (AEW 

& NEW) firstly on decreasing the number of Bacillus cereus bacteria in white soft cheese. Treatment 

with alkaline electrolyzed water for only 5 min reduced the count by 51.97%, while in using 

combined treatment of NEW followed by AEW, each for 5 min, the reduction percentage was 

42.58%, meanwhile the highest reduction was observed in cheese treated with NEW alone for 5 min. 

with reduction 86.16% in its count. Not just that but both AEW and NEW showed considerable 

second effect on downregulation of the pathogenic gene expression of (dnaJ, hbL, cytK, Ent-FM, nhe-

hbLD). So, we can conclude that neutral electrolyzed water has better effect on both reducing the 

Bacillus ceruse count and decline the pathogenic activity of its pathogenic genes. 

Keywords: Bacillus cereus, Pathogenic genes, Food borne disease, Alkaline Electrolyzed water 

(AEW), Neutral electrolyzed water (NEW). 

 

Introduction  

Ensuring food safety is at the core of all research 

focused on food hygiene. Before any product reaches 

consumers, it must undergo thorough cleaning and 

sterilization to guarantee its safety. The use of 

chemical agents is common in this process; they are 

intended to suppress microbial activity, maintain 

product quality, and prolong shelf life. Yet, improper 

disposal of these chemicals can create significant 

challenges. Environmental pollution, contamination 

from chemical residues, and the risk of allergic 

reactions in consumers are all potential 

consequences. In essence, while these substances 

play a critical role in food preservation, their use and 

disposal require careful management to prevent 

unintended harm. [1]. 

In recent years, numerous advanced nonthermal 

sterilization methods have been developed in food 

processing. Techniques such as gamma irradiation, 

ultraviolet light treatment, ultrasound application, 

pulsed electric fields, cold plasma technology, high-

pressure processing, and various forms of 

electrolyzed water have demonstrated significant 

potential for ensuring food safety without relying on 

conventional heat-based approaches. These 

innovations reflect the growing emphasis on 

preserving food quality while effectively eliminating 

microbial contaminants.[2]. 

Electrolyzed water has become a notable 

innovation in disinfection technology, especially in 

the food sector. Over the years, it has gained 

widespread acceptance to guarantee comprehensive 

sterilization of surfaces and maintain food safety 

standards. Its efficacy in these areas is well-

established and has significantly enhanced hygiene 

practices. [3]. 

The idea of electrolyzed water was initially 

introduced in Russia within the agricultural sector [4] 
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and has since expanded into various other domains, 

including global food safety. It has been extensively 

utilized for multiple applications, such as 

disinfection, water regeneration, and water 

decontamination in Japan since 1980. Over time, it 

has also been adopted in other critical sectors like the 

food industry, agriculture, livestock management, 

and clinical applications [5]. 

Electrolyzed water (EW) is generated in an 

electrolysis chamber by combining a solution of 

dilute sodium chloride (NaCl) with tap water, 

notably without incorporating any harmful chemical 

additives. [6] 

This solution exhibits broad-spectrum 

antimicrobial properties, effectively targeting a range 

of microorganisms—such as bacteria, viruses, 

spores, fungi, and resilient biofilms—commonly 

present in chronic wounds and on environmental 

surfaces. [7]. 

Electrolyzed water (EW) is categorized into 

different types according to its pH level. These 

categories include strongly acidic EW (pH 2.2–2.7), 

weakly acidic EW (pH 2.7–5.0), slightly acidic EW 

(pH 5.0–6.5), neutral EW (pH 6.5–7.5), and alkaline 

EW (pH 11.0–13.8). Each category represents a 

unique point on the pH scale, from highly acidic to 

strongly alkaline. [8]. 

 In recent years, there has been a growing interest 

in the creation of both acidic electrolyzed water 

(AEW) and neutral electrolyzed water (NEW) as 

sanitizing solutions. These products are produced by 

applying electrolysis to a diluted sodium chloride 

(NaCl) solution, specifically by passing it through 

the anode compartment of a membrane electrolyzer. 

[9]. The use of electrolyzed water in various 

industries has shown its effectiveness as a safe and 

economical sanitizer in sectors such as food, 

aquaculture, agriculture, medical, and energy. 

Recently, many start-up companies and industries 

have started to commercialize and promote different 

types of electrolyzed water worldwide, making it 

accessible to all these sectors. [10] 

The EPA specifically recommended using 

disinfectants containing hypochlorite acid as the 

active ingredient for surface disinfection against 

COVID-19. This reflects the agency’s position that 

such compounds are effective in reducing viral 

contamination on commonly touched surfaces.[11]. 

Bacillus cereus is a spore-forming, Gram-

positive, rod-shaped bacterium that exhibits motility. 

It can grow in both aerobic and facultative 

conditions. This organism is widespread in various 

environments and is recognized as a significant 

human pathogen, capable of causing both emetic 

(vomiting) and diarrheal illnesses. [12]. 

B. cereus is commonly present in environments 

such as dust, soil, and even culinary spices. 

Remarkably, it can withstand typical cooking 

processes by forming heat-resistant spores. If cooked 

food is subsequently stored at improper temperatures, 

these spores may germinate, leading to substantial 

bacterial proliferation.. [13]. 

Emetic syndrome occurs after ingesting food that 

has been tainted with a pre-formed toxin called 

cereulide (also known as emetic toxin). The 

production of cereulide is regulated by the ces gene 

cluster, which is made up of seven coding DNA 

sequences: cesH, cesP, cesT, cesA, cesB, cesC, and 

cesD. It is important to note that these genes are 

situated on a plasmid.[14]. 

Three primary enterotoxins are implicated in the 

diarrheal syndrome: hemolysin BL (HBL), 

nonhemolytic enterotoxin (NHE), and cytotoxin K 

(CytK). 

The genes responsible for encoding HBL are 

located within the hbl operon, which consists of 

hblC, hblD, and hblA. The nhe operon encodes NHE 

and is made up of the nheA, nheB, and nheC genes. 

The cytK gene is responsible for encoding CytK. 

Importantly, all of these genes are situated on the 

bacterial chromosome. [15]. 

Egyptian cheeses are considered an important 

part of the Egyptian diet. This cheese is most often 

produced using buffalo or cow milk, though it’s not 

uncommon to encounter versions made from sheep, 

goat, or even camel milk. It holds the distinction of 

being Egypt’s most prevalent cheese The cheese then 

matures in a highly salted whey brine at room 

temperature, typically for a period of four to six 

months, [16]. 

As outlined in the Egyptian standard [17] soft 

cheese must comply with specific microbiological 

criteria. It should not contain any pathogenic 

microorganisms or their toxins, or visible fungal 

growth. Additionally, the presence of 

L.monocytogenes and E. coli is strictly prohibited.  

The acceptable limits are as follows: coliform 

counts must not exceed 10 cfu/g, total mold counts 

should be no greater than 10 cells/g, and total yeast 

counts must remain at or below 400 cells/g. These 

standards are established to ensure the safety and 

quality of soft cheese products. 

Food-borne bacteria have long dominated 

research and surveillance efforts in the realm of 

gastrointestinal diseases. Bacillus species, in 

particular, are infamous for their tough endospores, 

which present ongoing headaches for food producers 

trying to keep their products safe. [8]  

The primary objective of this study was to 

evaluate the efficacy of alkaline electrolyzed water 

(AEW) and neutral electrolyzed water (NEW) in 

reducing populations of the pathogen Bacillus 

cereus. White soft cheese, a widely consumed 
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traditional Egyptian food, often harbours this 

biological hazard, posing a risk to consumers. To 

gain further insight, the researchers employed PCR 

techniques to examine gene expression changes in 

Bacillus cereus strains isolated from cheese samples 

following treatment. 

Material and Methods 

Refreshment and Enumeration of Bacillus cereus 

Reference Strain 

The B. cereus reference strain (NCTC 7464/ 

ATCC 10876, batch 2001-2025) was revitalized and 

quantified following the method described by Rasool 

et al. [18]. 

A single, typical colony was inoculated into 10 

ml of nutrient broth and incubated overnight to 

establish a fresh broth culture. This culture was then 

used as the source for re-cultivation, allowing for the 

isolation of pure colonies. These purified colonies 

were subsequently submitted for PCR analysis to 

identify the presence of specific virulence genes in 

the strain. 

PCR for Detection of Virulence Genes in Bacillus 

cereus 

The procedure generally adhered to the approach 

described by Ehling-Schulz et al. [19], with minor 

modifications as noted below. 

A. DNA Extraction 

Genomic DNA was isolated using the QIAamp 

DNA Mini Kit (Qiagen, Germany, GmbH), with 

minor modifications to the manufacturer’s protocol. 

In summary, 200 µl of the sample suspension was 

combined with 10 µl of proteinase K and 200 µl of 

lysis buffer, then incubated at 56°C for 10 minutes. 

Subsequently, 200 µl of absolute ethanol was added. 

The samples were processed through the 

recommended washing and centrifugation steps. 

Finally, DNA was eluted using 100 µl of elution 

buffer. 

B- Oligonucleotide Primers 

Primers were sourced from Metabion (Germany), 

and their specific sequences are detailed in Table 1. 

C. PCR Amplification 

The amplification protocol is further described 

below. For each PCR reaction, a total volume of 25 

µl was prepared, containing 12.5 µl EmeraldAmp 

Max PCR Master Mix (Takara, Japan), 1 µl of each 

primer (20 pmol), 5.5 µl sterile water, and 5 µl of 

DNA template. Amplifications were performed using 

an Applied Biosystems 2720 thermal cycler. 

D. Analysis of PCR Products 

PCR products were separated by electrophoresis 

on 1% agarose gel (Applichem, Germany, GmbH) in 

1X TBE buffer at room temperature using a voltage 

gradient of 5 V/cm. Twenty microliters of PCR 

product was loaded into each gel slot. Molecular size 

markers used were Generuler 100 bp ladder 

(Fermentas, Germany) and GelPilot 100 bp plus 

ladder (Qiagen, GmbH). Gel images were captured 

with an Alpha Innotech gel documentation system 

and analyzed using dedicated software. 

Electrolyzed Water Device and experimental work: 

A. Electrolyzed water Device  

An electrolyzed water device was constructed in 

the laboratory to generate both alkaline and neutral 

electrolyzed water for experimental use. Simple 

apparatus consisting of two chambers each one 

containing one litre of tab water with 2 gm. NaCl salt 

for each litre of water, and in this water an electric 

current was used from 400 wat adaptor to electrically 

analyses this solution. 

B. Preparation of Overnight broth culture and its 

serial dilution  

The B. cereus reference strain (NCTC 

7464/ATCC 10876, batch 2001-2025) was cultured 

on Bacillus cereus Agar Base (PEMBA) at 30–32°C 

for 24 hours. After incubation, characteristic peacock 

blue colonies, measuring approximately 3–5 mm 

with a surrounding halo, were selected and 

transferred into sterile nutrient broth tubes containing 

10 ml of broth. These tubes were incubated at 37°C 

for an additional 24 hours. 

Following incubation, the broth culture was 

serially diluted to a 10⁻ ³ dilution. This dilution was 

used in the experiment and yielded a bacterial count 

ranging from 3×10² to 6×10² cfu across three 

repeated trials. 

C. The experimental work 

For the experimental setup, four separate groups 

of cheese samples were prepared. Each group 

included 30 grams of white soft cheese, which was 

purchased from a supermarket in sterile packaging 

and immediately transported to the laboratory in an 

ice box to maintain freshness. The 30 grams of 

cheese from each group were divided into three cups, 

with each cup containing 10 grams of cheese and 10 

milliliters of whey. To each cup, 1 milliliter of an 

overnight B. cereus broth was aseptically inoculated. 

The mixtures were left to incubate for 

approximately two hours to ensure sufficient 

inoculation. Following this period, the next 

experimental steps involved the addition of various 

types of electrolyzed water. 

Each group; included three cups (100ml plastic 

disposal serial cup) each cup containing 10 grams of 

soft cheese and 10 ml. of whey (as whey makes it 

easy for the 1ml broth with B.cereus bacteria to be 

evenly distributed on the cheese). The groups were 

treated as follows: 
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Group A: control positive cheese group; inoculated 

with B. cereus and received no treatment. 

Group B: inoculated with B. cereus and treated with 

10 ml of alkaline electrolyzed water for 5 minutes. 

Group C: inoculated with B. cereus and first received 

10 ml of alkaline electrolyzed water for 5 minutes, 

immediately followed by 10 ml of neutral 

electrolyzed water for another 5 minutes.  

Group D: inoculated with B. cereus and treated with 

10 ml of neutral electrolyzed water for 5 minutes. 

This experimental protocol was repeated three 

times, resulting in a total of 36 cheese samples 

subjected for analysis for enumeration of B. cereus 

using B. cereus agar plates according to [18]. 

PCR for Gene Expression Analysis of RNA from 

Different Treatments Compared to Original Strain 

A. RNA Extraction 

To preserve RNA integrity, 0.5 ml of harvested 

bacterial culture was combined with 1 ml of 

RNAprotect Bacteria Reagent (Qiagen, Germany), 

vortexed briefly, and incubated at room temperature 

for 5 minutes. The samples were then centrifuged at 

8000 rpm for 10 minutes, after which the supernatant 

was discarded. The resulting pellet was resuspended 

in 200 µl TE buffer containing 1 mg/ml lysozyme 

(Biochemica, Applichem). Subsequently, 700 µl 

RLT buffer supplemented with 10 µl β-

mercaptoethanol per ml was added, followed by 500 

µl of 100% ethanol. RNA extraction was carried out 

using the QIAamp RNeasy Mini Kit, including an 

on-column DNase digestion step. 

B. Oligonucleotide Primers 

Primers supplied by Metabion (Germany) were 

used (listed in Table 1). 

C. SYBRGreenReal-TimePCR 

The PCR reactions were prepared with 12.5 µl of 

2X QuantiTect SYBR Green PCR Master Mix 

(Qiagen), 0.25 µl RevertAid Reverse Transcriptase 

(200 U/µL, Thermo Fisher), 0.5 µl primers (20 

pmol), 8.25 µl nuclease-free water, and 3 µl RNA 

template. Amplification was conducted using a 

Stratagene MX3005P real-time PCR system. 

D. DataAnalysis 

Genomic DNA was isolated using the QIAamp 

DNA Mini Kit (Qiagen, Germany), incorporating 

slight adjustments to the manufacturer’s protocol. 

Briefly, 200 µl of the sample suspension was mixed 

with 10 µl of proteinase K and 200 µl of lysis buffer, 

followed by incubation at 56°C for 10 minutes. Next, 

200 µl of absolute ethanol was added. The mixture 

then underwent the recommended washing and 

centrifugation steps. Finally, DNA was eluted in 100 

µl of elution buffer. 

Statistical Analysis 

Statistical analyses were conducted using IBM 

SPSS version 20. Normality of the data was assessed 

via the Shapiro-Wilk test. Quantitative variables are 

reported as range (minimum–maximum), mean, and 

standard deviation. For comparisons between two 

groups, Student’s t-test was utilized. When 

comparing four groups, one-way ANOVA was 

applied, followed by Tukey’s post hoc test for 

pairwise comparisons. Statistical significance was 

considered at a P-value less than 0.05. 

Results 

In the PCR analysis of the Bacillus cereus 

reference strain, multiple pathogenic genes were 

detected, including hbl, cytK, nhe, hblD, and Ent-

FM; notably, the ces gene was not observed (see 

Table 2 for details). 

Regarding the cheese samples, the control group, 

the untreated group (Group I) exhibited a mean 

Bacillus cereus count of 4.26 x 10
2
±1.14 x 10

2
 CFU, 

with individual values ranging from 3x10
2
 to 6x10

2
 

CFU. Application of AEW treatment for five minutes 

(Group II) resulted in a marked reduction, yielding a 

mean count of 2.04x10
2
 ± 9.5x10 CFU (range: 0–

3x10
2 

CFU), corresponding to a 51.97% decrease. 

The sequential treatment involving AEW for five 

minutes followed by NEW for an additional five 

minutes (Group III) produced a mean count of 

2.44x10
2
 ± 1.35x10

2
 CFU (range: 4x10–4.5x10

2
 

CFU), equating to a 42.58% reduction. The most 

substantial decline was achieved with NEW 

treatment alone for five minutes (Group IV), which 

produced a mean count of 5.89x10
2
 ± 9.5x10 CFU 

(range: 0–2.3x10
2
 CFU), reflecting an 86.16% 

reduction (refer to Table 3). 

Figure 2 illustrates the percentage reduction 

observed in groups II, III, and IV following their 

respective treatments. Specifically, the groups 

underwent five minutes of AEW exposure, with 

some groups receiving an additional five minutes of 

NEW treatment were posed reduction percent of 

51.97% and 42.58%, respectively. Notably, group 

IV, which was treated with five minutes of NEW, 

exhibited the highest reduction percentage among all 

groups. 

Gene expression analysis using SYBR Green RT-

PCR demonstrated a marked reduction in virulence 

gene expression in treated samples compared to 

controls. Specifically, fold changes for hblD, nhe, 

Ent-FM, cytK, and hbl ranged from 0.06 to 0.81, 

depending on the treatment group. Notably, the 5-

minute treatment with NEW resulted in the most 

pronounced decrease in gene expression (see Table 

4). These findings underscore the significant 

inhibitory effect of EW, particularly NEW, on 

decreasing the pathogenesity expression of virulence 

genes. 
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Meanwhile Fig. 3. show Amplification curves of 

SYBR Green RT-PCR for Bacillus cereus (A) Ent-

FM, (B) dnaJ gene, (C) cytK, (D) nhe, and (E) hbI, 

showing variable CT values for control and three 

diferant treated samples. As in table (4) 

Discussion 

Egyptian white soft cheese is produced mainly 

from raw milk which constitute the main sources of 

bacterial contamination including spore-forming 

pathogens as Bacillus cereus, in addition to the 

environmental conditions of cheese manufacturing. 

Hassan and Gomaa (2016) identified B. cereus in 

18%, and 10% of the fresh soft Domiati cheese 

samples from Cairo and Giza Governorates, 

respectively [20]  

Electrolyzed water has recently attracted 

considerable attention in the context of food 

sanitation and the management of plant pathogens. 

Its applications are diverse, ranging from seed 

treatment and postharvest disease control to the 

suppression of fungal growth and mitigation of 

foodborne pathogens. Researchers have explored 

various forms of electrolyzed water—including 

acidic, alkaline, and neutral solutions—

demonstrating broad interest in evaluating their 

effectiveness across multiple domains related to food 

safety and plant health. [26] 

Electrolysis is conducted in specially designed 

equipment that keeps the cathode and anode 

chambers separate. At the cathode, hydrogen gas and 

hydroxide ions are produced, leading to the 

formation of an alkaline solution containing sodium 

hydroxide. At the anode, chloride ions are oxidized 

to produce chlorine gas. This chlorine is present in an 

acidic environment, which is particularly corrosive to 

metals. [12]  

The chemical environment at the anode directly 

influences the products formed. In acidic solutions, 

chlorine gas is generated, whereas alkaline 

conditions favor the production of sodium hydroxide. 

Notably, producing an effective disinfectant, such as 

hypochlorous acid, requires maintaining the solution 

near a neutral pH. Otherwise, the desired sanitizing 

agent is not formed, and less effective or unintended 

products are produced. [21]  

 Hypochlorous acid is recognized as a weak acid 

and a notable oxidizing agent. [24]  

 In the context of our experiment, the highest 

efficacy was observed when the soft cheese was 

treated with NEW for a duration of only five 

minutes. 

These results may be due to; at a pH of 7.3—

slightly above neutral—the solution contains nearly 

equal amounts of hypochlorous acid and 

hypochlorite ion. When the pH decreases, the 

equilibrium shifts in favor of hypochlorous acid, 

which enhances the solution’s disinfecting power. 

While both sodium hydroxide and hypochlorous acid 

functions as effective disinfectants, hypochlorous 

acid is most efficient under neutral to mildly acidic 

conditions, where it predominates and maximizes 

antimicrobial activity.[22]  

Alkaline Electrolyzed Water (AEW) 

demonstrates notable efficacy as a sanitizing agent, 

particularly in its ability to clean surfaces and inhibit 

the development of biofilms. Its reputation for both 

effectiveness and safety underpin its widespread use 

as a sanitizer and disinfectant. Nevertheless, AEW 

does present certain limitations, most notably with 

regard to its storage stability. The active properties of 

these solutions diminish over time, necessitating the 

implementation of on-site electrolysis systems—

often referred to as chlorine generators—especially 

in industrial, institutional, and municipal settings, to 

ensure a consistent supply of freshly generated AEW 

for optimal performance.[23]  

 These units eliminate the need to store or 

transport chlorine and avoid the logistical challenges 

of shipping prepared chlorine solutions. As of March 

2016, cost-effective electrolysis units have also 

become available for residential and small business 

use. 

Acidic electrolyzed water (AEW) and neutral 

electrolyzed water (NEW) have recently gained 

attention as effective sanitizing agents. Both are 

produced by electrolyzing a dilute sodium chloride 

(NaCl) solution in the anode compartment of a 

membrane electrolyzer. This process generates 

solutions with notable antimicrobial properties, 

making them useful in various sanitation 

applications. [25] 

Bacillus cereus is an incredibly resilient, spore-

forming bacterium found widely in the environment, 

including soil and food sources. Notably, it is 

recognized as a significant biological hazard due to 

its capacity to cause foodborne illnesses—most 

famously, the emetic and diarrheal syndromes 

commonly associated with contaminated foods. The 

emetic (vomiting) syndrome emerges following the 

consumption of food that already contains preformed 

cereulide toxin. [14].  

The production of this toxin results from the 

activity of the ces gene cluster, which includes seven 

genes: cesH, cesP, cesT, cesA, cesB, cesC, and cesD. 

Notably, this gene cluster is located on a plasmid 

rather than on the bacterial chromosome [29]. 

Beyond its role in food poisoning, B. cereus can 

also be responsible for a range of local and systemic 

infections. In severe cases, these infections may 

result in significant health complications and, 

according to reports, can lead to death in 

approximately 10% of affected individuals. [28] 
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Foodborne illnesses linked to B. cereus group 

strains do not require antibiotic treatment. However, 

B. cereus bacteraemia, which can result in severe and 

life-threatening systemic infections, particularly in 

immunocompromised individuals, necessitates the 

use of suitable antibiotic therapies. The widespread 

use of antimicrobials can contribute to the 

development of antimicrobial-resistant strains 

(AMRs), potentially leading to the ineffectiveness of 

standard treatments. Therefore, ensuring food safety 

and the absence of this pathogenic microorganism is 

significantly preferable to treatment. [31-30] 

In this investigation, we assessed the disinfectant 

properties of two varieties of electrolyzed water: 

neutral electrolyzed water (with a pH between 6.5 

and 7.5) and alkaline electrolyzed water (pH ranging 

from 11.0 to 13.8). The study focused on their 

effectiveness against Bacillus cereus (reference strain 

TCS, 2001-2025) inoculated in the white soft cheese. 

Notably, this cheese is commonly produced without 

undergoing heat treatment, or adding any 

preservatives rendering it particularly vulnerable to 

contamination by foodborne pathogens. 

Incorporating a straightforward, cost-effective, 

and efficient measure—specifically, applying neutral 

electrolyzed water after cheese production and prior 

to storage—offers clear benefits. Electrolyzed water, 

in its various forms, is increasingly recognized as an 

innovative sanitizer capable of effectively reducing 

bacterial contamination on both foods and processing 

equipment [35]. This step not only enhances the 

overall safety of the product but also significantly 

lowers biological risks associated with cheese 

production. 

The Bacillus cereus strain under investigation 

possesses several pathogenic genes, including Hbl, 

cytK, nhe, hblD, and Ent-FM, as confirmed by PCR 

analysis (see Table 1). Following treatment with 

NEW and AEW, further PCR assays (Table 3) were 

conducted to assess changes in the expression of 

these virulence genes. Both NEW and AEW were 

found to downregulate the expression of the targeted 

genes, as determined by SYBR Green RT-PCR. The 

fold changes for hblD, nhe, Ent-FM, cytK, and hbl 

ranged from 0.06 to 0.81, depending on the treatment 

group. Notably, treatments involving both the 

combination and the neutral electrolyzed water 

demonstrated greater reductions in gene expression. 

This downregulation of virulence genes is 

significant, as it may reduce the pathogenic potential 

of Bacillus cereus, supplementing the primary effect 

of decreasing bacterial counts. 

The experimental setup consisted of four groups, 

each with nine samples, making a total of 36. Group 

I acted as the untreated control. Group II was 

exposed to alkaline electrolyzed water (AEW, pH 

10–12) for five minutes. For Group III, samples 

underwent a sequential treatment: first AEW for five 

minutes, then neutral electrolyzed water (NEW) for 

another five minutes. Group IV received only NEW 

for five minutes. 

Results demonstrated that both AEW and NEW 

significantly reduced Bacillus cereus counts and 

suppressed the expression of virulence genes. These 

findings are detailed in Tables 2 and 3. 

Numerous studies align with these observations. 

For example, other study demonstrated that NEW 

exhibits bactericidal effects against robust 

endospore-forming bacteria such as Bacillus cereus 

and Clostridium perfringens on both fresh produce 

and polypropylene cutting boards at ambient 

temperature. [32] 

Their findings indicate that NEW may serve as a 

practical alternative to conventional chemical 

sanitizers. Similarly, other researchers found that 

NEW achieved bacterial reduction on food 

preparation surfaces comparable to sodium 

hypochlorite, thus supporting its potential as an 

effective and safer disinfectant [33].  

In summary, both neutral and alkaline 

electrolyzed water exhibit significant efficacy in 

reducing both the bacterial load and virulence gene 

expression of Bacillus cereus on white soft cheese, 

highlighting their promise as alternative disinfectants 

in food safety applications. 

Conclusion 

Research consistently demonstrates that 

Electrolyzed water (EW) has antimicrobial efficacy 

against a wide spectrum of pathogens, including both 

bacteria and viruses. Following its classification as 

―generally recognized as safe‖ by the United States 

Department of Agriculture (USDA), EW has 

achieved broad acceptance internationally and is now 

routinely employed as a sanitizer across the food 

industry. [36]. 

Currently, a variety of commercially available 

neutral electrolyzed water products exist. For 

instance, Aquaox™ Disinfectant 275 (Aquaox 

Industries Inc., Fontana, CA) is widely used. The 

primary active component in this product is 

hypochlorous acid at a concentration of 0.0275% 

(equivalent to 275 mg/L free available chlorine). 

This compound is generated through the 

electrochemical electrolysis of a diluted sodium 

chloride solution under neutral pH conditions. The 

resulting sanitizer is suitable for direct use in food 

safety applications [34]. 

We could conclude that; neutral electrolyzed 

water has demonstrated efficacy as a bactericidal 

treatment for ready-to-eat foods such as soft white 

cheese. Applying EW as a final surface treatment 

prior to retail distribution enhances product safety 

and helps reduce the risk of foodborne illness. So, 

it’s preferable to use the step of adding EW for only 
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five min. before its storage to insure its freedom from 

many biological hazards as Bacillus cereus. 

Therefore, Electrolyzed water (Neutral or, 

Alkaline) may have strong potential to help ensure 

food safety.  
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TABLE 1. Primers sequences, target genes, amplicon sizes and cycling conditions. 

Target 

gene Primers sequences 

Amplified 

segment 

(bp) 

Primary 

denaturation 

Amplification (35 cycles) Final 

extension 

Reference 

 Secondary 

denaturation 

Annealing Extension 

hbl GTA AAT TAI GAT GAI CAA TTTC 1091 94˚C 
5 min. 

94˚C 
30 sec. 

49˚C 
40 sec. 

72˚C 
1 min. 

72˚C 
10 min. 

[19]  
AGA ATA GGC ATT CAT AGA TT 

nhe AAG CIG CTC TTC GIA TTC 766 94˚C 

5 min. 

94˚C 

30 sec. 

49˚C 

40 sec. 

72˚C 

45 sec. 

72˚C 

10 min. ITI GTT GAA ATA AGC TGT GG 

cytK ACA GAT ATC GGI CAA AAT GC 421 94˚C 

5 min. 

94˚C 

30 sec. 

49˚C 

40 sec. 

72˚C 

45 sec. 

72˚C 

10 min. CAA GTI ACT TGA CCI GTT GC 

ces GGTGACACATTATCATATAAGGTG 1271 94˚C 
5 min. 

94˚C 
30 sec. 

49˚C 
40 sec. 

72˚C 
1.2 min. 

72˚C 
10 min. GTAAGCGAACCTGTCTGTAACAACA 

hblD AGT TAT TGC AGC TAT TGG AGG 148 94˚C 

5 min. 

94˚C 

30 sec. 

56˚C 

30 sec. 

72˚C 

30 sec. 

72˚C 

7 min. 

[38] 

GTC CAT ATG CTT AGA TGC TGT 
GA 

entFM ATGAAAAAAGTAATTTGCAGG 1269 94˚C 

5 min. 

94˚C 

30 sec. 

52˚C 

40 sec. 

72˚C 

1.2 min. 

72˚C 

10 min. 

[39] 

TTAGTATGCTTTTGTGTAACC 

 

TABLE 2. PCR results for the Bacillus cereus reference strain to determine its pathogenic genes. 

Sample Hbl cytK nhe Ces hblD Ent-FM 

B. cereus (TCS,2001-2025) + + + - + + 

 

TABLE 3. Data analysis for comparison between the different studied groups of cheese treated with electrolyzed 

water (Total 36 sample) in different 4 groups.  

 

Group I 

(no treatment) 

(n = 9) 

Group II 

(5min. with AEW) 

(n = 9) 

Group III 

(5min. with AEW 

then 5 min. NEW) 

(n = 9) 

Group IV 

(5 min. with NEW) 

(n = 9) 

F p 

Min. – Max.  3x102-6x102 0 – 3x102 4x10 – 4.5x102 0 – 2.3x102 

16.619* <0.001*  

Mean ± SD.     

 

4.26x102±1.14x102 

 

2.04x102 ±9.5x10 
 

 

2.44x102 ±1.35x102    
  

  5.89x102 ± 9.5x10  

             p0  0.001* 0.008* <0.001*   

Sig. bet. Grps. 
 

p1=0.870,                p2=0.043*,               p3=0.006*   

% of reduction  51.97 42.58 86.16   

SD stands for standard deviation. The ―F‖ refers to the F-statistic from the one-way ANOVA test, which assesses whether 

there are significant differences among the groups. Pairwise comparisons between each set of two groups were conducted 

using Tukey’s Post Hoc Test. The lowercase ―p‖ indicates the p-value for overall group comparisons. More specifically, p0 

represents the p-value for comparing Group I with each of the other groups; p1 is for the comparison between Groups II and 

III; p2 compares Groups II and IV; and p3 compares Groups III and IV. An asterisk (*) denotes statistical significance at p ≤ 

0.05. AEW refers to alkaline electrolyzed water, and NEW stands for neutral electrolyzed water.  
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TABLE 4. CT values and relative expression fold changes of hblD, nhe, Ent-FM, and cytK genes in Bacillus cereus 

after treatment, compared to the control group. 

Group 

B. 

cereus 

Sample 

No 

dnaJ hbl cytK Ent-FM nhe hblD 

CT 
Fold 

change 

 

CT 

 

Fold 

change 

 

CT 

 

Fold 

change 

 

CT 

 

Fold 

change 

 

CT 

 

Fold 

change 

 

CT 

 

Control B1 20.25 - 23.54 - 20.98 - 23.18 - 21.91 - 22.37 

Treatment AEW For 5 

min. 
B2 20.44 0.2238 25.89 0.5359 22.07 0.4147 24.64 0.3143 23.77 0.4090 23.85 

Treatment AEW For 5 

min. then Treatment 

NEW for 5 min. 

B3 20.80 0.0571 28.22 0.3322 23.12 0.0974 27.09 0.1303 25.40 0.2192 25.11 

Treatment NEW For 5 

min. 
B4 20.19 0.4061 24.78 0.8066 21.23 0.6156 23.82 0.5434 22.73 0.7684 22.69 

AEW: Alkaline Electrolyzed Water. NEW: Neutral Electrolyzed Water. CT: Cycle Threshold. hblD: Hemolysin BL D 

subunit gene. nhe: Non-hemolytic Enterotoxin gene. Ent-FM: Enterotoxin FM gene. cytK: Cytotoxin K gene. hbl: Hemolysin 

BL gene. dnaJ: Heat shock protein gene. B. cereus: Bacillus cereus. 

 

Fig. 1. Different pathogenic genes found in Bacillus cereus strain by PCR as in table (1) 

 

Fig. 2. Comparison between the three studied groups according to percentage of reduction in Bacillus ceruse count in 

the three treated different groups (II, III, IV) as group (I) was a control. 
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(A) (B) 

 
(C) 

 
(D) 

 
(E) 

Fig. 3. Amplification curves of SYBR Green RT-PCR for Bacillus cereus (A) Ent-FM, (B) dnaJ gene, (C) cytK, (D) 

nhe, and (E) hbI, showing variable CT values for control and treated samples. As in table (4) 
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تجربت للسَطرة علي تواجد بكتَرٍا باسَلَس سَرس فٌ الجبي الطرً باستخدام 

 الواء الوحلل كهربَا
 ههراى، محمد إبراهَن أحود إبراهَن  عشرى عبد العلَن ههراىسالٌ 

 .الأغزٚت، يؼًم الإعكُذسٚت، يشكض انبغٕد انضساػٛت، انضٛضة، يصشيؼٓذ بغٕد صغت انغٕٛاٌ ٔعذة انشقببت انصغٛت ػهٗ 

 الولخص

فٙ انٕقج انغبنٙ، حخضّ الأَظبس ػبنًًٛب َغٕ حبُّٙ حقُٛبث يغخذايت ٔصذٚقت نهبٛئت، لا عًٛب فٙ قطبع الأغزٚت انز٘ ٚغؼٗ 

انغزائٛت. يٍ بٍٛ الابخكبساث انخٙ بشصث ببعخًشاس نخطٕٚش عهٕل يبخكشة حعًٍ انغلايت ٔانضٕدة ٔانكفبءة فٙ انًُخضبث 

ًٚب أٔ يخؼبدلًا  –يؤخشًا، ٚبشص اعخخذاو انًبء انًؼبنش كٓشببئٛبً  ٔانز٘ ُُٚخش ػبش ػًهٛت انخفكك انكٓشٔكًٛٛبئٙ  –عٕاء كبٌ قهٕ

ذ يٍ انخهٕد صشاو يهظ نكم نخش يبء(. ْزا انُٕع يٍ انًبء ٚؼُذ خٛبسًا ٔاػذاً، إر أظٓش فؼبنٛت فٙ انغ 2نًغهٕل يهغٙ )

ٌ انبٕٛفٛهى ػهٗ الأعطظ انًلايغت نلأغزٚت، يغ انغفبظ ػهٗ يؼبٚٛش ػبنٛت يٍ انُظبفت ٔانغلايت. حضذس  ّٕ انًٛكشٔبٙ ٔيُغ حك

الإشبسة إنٗ أٌ بكخٛشٚب ببعٛهٛظ عٛشط حؼُذ يٍ أْى يغبببث الأيشاض انًُقٕنت ػبش الأغزٚت، َظشًا نقذسحٓب ػهٗ حكٍٕٚ 

ببلإظبفت إنٗ عٕٚصلاث ٔعًُٕو حقبٔو انغشاسة، يب ٚضؼهٓب قبدسة ػهٗ انبقبء فٙ الأغزٚت عخٗ بؼذ أبٕاؽ شذٚذة انًقبٔيت، 

انطٓٙ أٔ انخخضٍٚ، كًب ْٕ انغبل فٙ بؼط إَٔاع انضبٍ الأبٛط. ْزِ انغًُٕو قذ حبقٗ َشطت فٙ الأغزٚت انُٛئت ٔانًطبٕخت 

ب فٙ صٕسة يخلاصيت انقٙء ٔ/أٔ الإعٓبل. فٙ ْزا ػهٗ عذ عٕاء، يب ٚؤد٘ إنٗ عذٔد عبلاث حغًى غزائٙ حظٓش غبنبً 

كًبدة عبفظت نهضبٍ الأبٛط انطش٘. أظٓشث  –بُٕػّٛ انقهٕ٘ ٔانًخؼبدل  –انبغذ، حى حقٛٛى حأرٛش انًبء انًؼبنش كٓشببئٛبً 

ٛش ػهٗ انخؼبٛش انُخبئش أٌ كلا انُٕػٍٛ أعًٓب بٕظٕط فٙ حقهٛم أػذاد بكخٛشٚب ببعٛهٛظ عٛشط فٙ انضبٍ. كًب نٕعع ٔصٕد حأر

انضُٛٙ نبؼط انضُٛبث انًشحبطت بقذسة انبكخٛشٚب ػهٗ إعذاد الأيشاض، ٔكبٌ انًبء انًؼبنش كٓشببئٛبً انًخؼبدل أكزش فؼبنٛت فٙ 

 حقهٛم أػذاد ْزِ انبكخٛشٚب. اعخُبداً إنٗ انُخبئش، ًٚكٍ اػخببس انًبء انًؼبنش كٓشببئٛبً ٔعٛهت فؼّبنت ٔصذٚقت نهبٛئت نخؼضٚض علايت

  .انًُخضبث انغزائٛت، خصٕصًب فٙ صُبػت الأصببٌ انطشٚت، يغ انًغبفظت ػهٗ انضٕاَب انبٛئٛت ٔانصغٙ

ً انًخؼبدل، بغٛذ ٚعُبف إنٗ انضبٍ بؼذ اكخًبل ح شٛش َخبئش ْزا انبغذ إنٗ إيكبَٛت انخٕصٛت ببعخخذاو انًبء انًغهم كٓشبٛب

ل كٓشبٛبً، فٕٓ لا ٚؤرش ػهٗ انصفبث انظبْشٚت نهضبٍ، كًب نٕعع أٌ نّ ػًهٛت انخصُٛغ ٔقبم انخخضٍٚ. بًب أٌ ْزا انًبء يخؼبد

ً فٙ حقهٛم أػذاد انبكخٛشٚب ٔانفطشٚبث انخٙ قذ حخٕاصذ فٙ انًُخش. ٔيٍ انضذٚش ببنزكش أٌ ْزا انًبء غٛش قببم  حأرٛشاً إٚضببٛب

غهٕلاً يهغٛبً ػبدٚبً خلال فخشة ٔصٛضة. نزنك، نهخخضٍٚ نفخشاث غٕٚهت؛ إر ٚفقذ خصبئصّ انكٓشببئٛت حذسٚضٛبً ٔٚؼٕد إنٗ كَّٕ ي

ًٚكٍ انقٕل إَّ لا ٚغٛش يٍ انصفبث انفٛضٚبئٛت أٔ انخٕاص انطبٛؼٛت نهضبٍ الأبٛط انطش٘، يًب ٚضؼهّ خٛبساً يُبعببً 

 نلاعخخذاو فٙ ْزِ انًشعهت يٍ الإَخبس دٌٔ انخأرٛش عهببً ػهٗ صٕدة انًُخش

الايشاض انُبحضّ يٍ حُبٔل انغزاء، انًبء اانًغهم كٓشبٛب  عٛشط، انضُٛبث انًًشظت،بكخٛشٚب ببعٛهٛظ  الكلواث الدالت:

 .هم كٓشبٛب انقهٕٖغانًبء انً ،انًخؼبدل
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