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In this study, the effect of Electrolyzed water as a disinfection method
in the production of Iranian white cheese was investigated.
Electrolyzed water at concentrations of 1%, 5%, and 10% was added
to the brine, and sampling was performed on days 1, 30, and 60.
Physicochemical, textural, = microbiological, and sensory
characteristics were evaluated. The results indicated that there was no
significant difference in pH among the samples; however, titratable
acidity increased significantly with increasing concentrations of
electrolyzed water. In the 5% treatment, acidity increased from 0.12
to 0.16. During storage, salt content decreased significantly, while dry
matter content showed a significant increase. Significant changes
were observed in the L* and b* color indices, with a reduction in
lightness, whereas the redness index (a*) showed no significant
variation. Total microbial counts and mold growth were reduced in all
samples containing electrolyzed water, with the 1% treatment
showing the greatest inhibitory effect. The growth of lactic acid
bacteria increased in the 1% and 10% treatments, while it decreased
in the control. Yeast counts increased over the storage period but
decreased with higher concentrations of electrolyzed water. Coliform
growth was completely inhibited in the 5% and 10% treatments. From
a textural perspective, hardness was higher in the control, while
gumminess was greater in the 1% treatment. Sensory evaluation
revealed that the 5% treatment achieved the highest overall
acceptance score. These findings suggest that electrolyzed water can
serve as an effective approach for improving the microbial, textural,
and sensory quality of Iranian white cheese.
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1- Introduction

Cheese is defined as a fresh or matured product
resulting from milk coagulation, prepared in soft,
semi-hard, hard, and very hard varieties, serving as
a general term for a group of fermented milk
products produced globally with a vast diversity of
flavors, textures, and shapes [1]. It is typically made
from the curdling of milk (from cows, buffaloes,
camels, goats, or sheep) which is acidified by
bacterial cultures and subsequently curdled by the
addition of rennet or a substitute like acetic acid [2].
Cheeses are highly nutritious, providing valuable
sources of high-quality proteins, lipids, vitamins
(such as A, B, and Bi»), and minerals (especially
calcium and phosphorus) [3]. However, the
preservation of cheese presents a major challenge to
the industry due to microbial spoilage and consumer
concerns regarding the health effects of chemical
preservatives, prompting research into high-safety,
minimally processed dairy products with favorable
environmental and health labels. Cheeses inherently
resist microbial attack due to factors such as pH,
water activity (aw), salt concentration, nitrites,
organic acids, bacteriocin-producing Lactic Acid
Bacteria (LAB), ripening, storage temperature,
residual enzymes, and chemical composition, all of
which influence spoilage differently. Secondary
contamination is also a significant factor, frequently
after post-pasteurization processing
(HTST) and throughout the supply chain via
processing equipment, production lines,
contaminated air, improper retail handling, and
packaging deficiencies [4]. electrolyzed water (EW)

occurring

is produced by the electrolysis of a diluted solution
of NaCl or a mixture of KCl and MgCl, within an
electrolytic cell featuring a diaphragm separating the
anode and cathode, typically with a voltage set
between 9 and 10 volts. During electrolysis,
dissolved NaCl in deionized water dissociates into
Cl- and Na" ions; simultaneously, OH™ and H* ions
form. Negatively charged ions (CI" and OH") move
toward the anode, releasing electrons and forming
oxygen gas, chlorine gas, hypochlorite ion,
hypochlorous acid, and hydrochloric
Conversely, positively charged ions (H" and Na")
migrate to the cathode, gain electrons, and become
hydrogen gas and sodium hydroxide [5]. Acidic and
alkaline oxidized electrolyzed water are collected
from the positive and negative compartments,

respectively [6].

acid.

The basic chemical reactions at the anode and
cathode can be summarized as follows [7].
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At the Anode Side:

(1) 2CI" = Clt+2e

2) Cl,+H,O0—HOCI+H"+CI
And at the Cathode Side:

(3) H'+2¢ — Hyt

The effectiveness of the antimicrobial activities of
electrolyzed water (EW) depends on several factors,
including the specific characteristics of the
biological system being targeted. For example,
influential factors such as exposure time to EW, the
concentration of available chlorine (ACC) [1], and
temperature have different effects on
suspensions compared to surfaces. EW also exhibits

will

antimicrobial activities in various biological
systems.The presence of chlorine, low pH, and high
Oxidation-Reduction Potential (ORP) [2] are the
main factors contributing to the antimicrobial
activity of acidic electrolyzed water (AEW) [3].
AEW reduces bacterial growth and makes bacterial
cells more susceptible to active chlorine by
sensitizing their outer membrane to the influx of
HOCI. Active chlorine compounds can destroy the
membranes of microorganisms, but other modes of
chlorine action have also been proposed (e.g.,
decarboxylation of amino acids, reaction with
nucleic acids, and unbalanced metabolism following
the degradation of key enzymes). HOCI is the most
active chlorine compound because HOCI penetrates
the cell membrane and produces hydroxyl radicals,
which exert their antimicrobial activity through the
oxidation of key metabolic systems. The relative
fractions of chlorine compounds (Cl,, HOCI, and
OCI) are pH-dependent and affect the bactericidal
activity of AEW [5]. In summary, EW demonstrates
its microbicidal property by attacking multiple
cellular targets (cytoderm, outer membrane, and
intracellular components). The surface morphology
of the cells changes after EW treatment,
transitioning from smooth, continuous, and bright to
rough, shrunken, and even lysed. Meanwhile,
bacterial protective barriers (cell and
membrane) are attacked and degraded by chlorine
species, which can increase membrane permeability

wall

and lead to the leakage of intracellular components
(K", proteins, and DNA) [8].The purpose of using
electrolyzed water in dairy products, particularly in
cheese, is twofold: primarily, to preserve its sensory
quality and textural properties while eliminating
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pathogenic microorganisms; and secondarily, to
reduce the pasteurization process time in order to
retain its mineral content.

2- Materials and Methods

To evaluate the chemical attributes and
antimicrobial efficacy of electrolyzed water (EW) in
Iranian white cheese, a series of experiments were
systematically conducted as detailed below.

1.2. Production of Iranian White Cheese

Iranian white cheese was manufactured at the
Nazhoo Dairy facility (Tabriz, Iran) using fresh
whole cow milk, which was standardized and
pasteurized at 75°C for 15 seconds before being
cooled to 33°C. Following pasteurization, the milk
was inoculated with a 3% (v/v) mesophilic starter
culture and maintained in a cheese vat for 30
minutes, after which microbial rennet (1 g/100 L)
was added to induce coagulation over approximately
60 minutes. The resulting curd was subsequently
cut, drained of whey, and pressed to form a solid
mass, which was then portioned and immersed in an
18% (w/v) brine solution for 4 hours. Finally, the

2.5. Color Measurement

The color attributes of the cheese samples were
evaluated using a Hunter Lab colorimeter at the
Dairy Laboratory of the Faculty of Graduate
Studies, University of Tabriz. The CIELAB color
space parameters, including L" (lightness/darkness),
a’ (redness/greenness), and b*
(yellowness/blueness), were precisely measured to
characterize the optical properties of the treatments

[18].

2.6. Sensory Evaluation

To determine the overall consumer acceptability of
the product, a sensory panel consisting of nine
trained evaluators was employed. The panelists were
specifically trained to score the samples based on a
5-point hedonic scale (ranging from 1 to 5) for
attributes including color and appearance, aroma,
texture, flavor, and overall acceptability. On this
scale, a score of 1 represented the minimum
satisfaction (dislike extremely), while a score of 5
indicated  the satisfaction  (like
extremely).

maximum

2.7. Texture Profile Analysis (TPA)
The texture profile of the cheese samples was
characterized using a texture analyzer (Stable Micro
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cheese blocks were packaged in sterile plastic
containers filled with 10% brine containing various
concentrations of electrolyzed water (EW) and
incubated at 15°C; once the pH reached 4.6, the
samples were transferred to storage at 8°C for a 60-
day ripening and analysis period.

2.2. Preparation of Treatments The experimental
treatments were prepared by incorporating varying
concentrations of electrolyzed water (EW) into a
10% (w/v) brine solution. The control group
consisted of pure 10% brine without EW, while
treatments T2, T3, and T4 were formulated by
substituting the brine with 1%, 5%, and 10% (v/v)
of EW, respectively (corresponding to 1, 5, and 10
mL of EW per 100 mL of the final brine mixture).
To evaluate the quality changes, sampling was
performed at 30-day intervals over a total storage
period of 60 days, during which all physicochemical
and microbiological analyses were conducted. All
experimental procedures performed in
triplicate to ensure the accuracy and reproducibility
of the results.

were

2.3. Microbiological Analysis

For microbiological evaluation, a 20 g cheese
sample was homogenized with 45 mL of sterile 2%
(w/v) sodium citrate solution in a stomacher at 260
rpm for 1.5 minutes to obtain the initial 10! dilution.
Subsequently, a series of decimal dilutions (10 to
1077) were prepared using test tubes containing 9 mL
of sterile physiological saline. A 0.1 mL aliquot of
each dilution was then inoculated via the pour-plate
method onto Plate Count Agar (PCA), Yeast Extract
Glucose Chloramphenicol (YGC) agar, MRS agar,
and Violet Red Bile Agar (VRBA) for the
enumeration of total aerobic bacteria, molds and
yeasts, lactic acid bacteria (LAB), and coliforms,
respectively. The incubation conditions were set at
37°C for 48 hours for PCA, 30°C for 48 hours for
MRS agar, 25°C for 3—5 days for YGC agar, and
37°C for 24 hours for VRBA [9-12].

2.4. Chemical Analysis

Chemical properties of the cheese samples were
determined in triplicate to ensure data accuracy. The
pH value, titratable acidity, salt content, total solids,
fat, and protein content were measured in
accordance with the Institute of Standards and
Industrial Research of Iran (ISIRI) protocols,
specifically methods No. 2852, 1809, 1753, 760, and
9188-1, respectively [13—17].
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3-Results Systems, Model TA.XT Plus, UK). Cheese samples
were initially prepared in standardized dimensions
of 20 x 20 x 45 mm. The analysis was performed
using a 25 mm diameter cylindrical probe. The
instrumental settings were configured with a pre-test
speed of 1 mm/s, a test speed of 0.5 mm/s, a post-
test speed of 1 mm/s, and a penetration depth of 15
mm. Texture attributes, including hardness,

3.1. Chemical Analysis

3.1.1. Changes in Nitrogen and Fat Content

As illustrated in Table 1, the nitrogen and fat content
of Iranian white cheese remained stable across both
the control and experimental samples containing
various concentrations of electrolyzed water (EW). ) o >
No significant fluctuations were observed in these cohesiveness,  springiness,  gumminess, and

parameters throughout the 60-day storage period at c.hewmess, We~re derived from the resulting force-
°C time deformation curves using Texture Exponent

Lite software.

Tablel: Variations of nitrogen and fat content in Iranian white cheese containing Electrolyzed Water

Sample nitrogen Fat
content content
Control 11.78+0.005 15+0.07
T2 11.25+0.06 16+0.02
Ts 12.13+0.01 15+0.05
Ty 11.41+0.02 14.5+0.03

(T»). brine containing %1 Electrolyzed Water; (T3). brine containing %5 Electrolyzed Water; (T4).
brine containing %10 Electrolyzed Water

3.1.2. Changes in pH Value from proteolytic reactions. Fluctuations in pH can
The changes in pH values of the cheese samples significantly alter the nature of the compounds
during the storage period are summarized in Table 2. formed within the cheese matrix. Furthermore, the
No significant differences in pH were observed initial downward trend in pH may be assigned to the
between the control and the experimental treatments decomposition of hypochlorous acid into H* and CI
containing various concentrations of electrolyzed , alongside the production of acetic acid [5]. During
water (EW) (P > 0.05). The interaction between the ripening stage, pH typically declines due to
storage time and EW concentration revealed that the lactose fermentation and the generation of amino
highest pH value in Treatment 2 (1% EW) was acids and fatty acids via proteolysis and lipolysis.
recorded on day 1, while the lowest was observed on This reduction is likely driven by lactic acid
day 30. Throughout the storage period, the pH production by starter cultures and the liberation of
values decreased by day 30 and subsequently H" ions during the water electrolysis process. These
showed a slight, non-significant increase by day 60. findings are in agreement with previous research
This marginal increase could be attributed to the investigating the application of neutral electrolyzed
liberation of amino and carbonyl groups resulting water as a preservative in poultry breast meat [19].

Table2: The interaction effect of Electrolyzed Water and storage on pH changes in Iranian white
cheese containing different times of Electrolyzed Water

Sample Storage time (days)
1 30 60
Control 5.39+0.01™ 4.58+0.07" 4.62+0m
T, 5.69+0.47™ 4.14+0 4.47+0.06™
T3 5.3£0.11™ 4.33+0m 4.72+0.01™
T4 5.08+0.47™ 4.34+0m 4.93+0.02"

“ns indicates a non-significant difference at the 0.05 level.
*The results are reported as the mean of three replicates + standard deviation
(T»). brine containing %1 Electrolyzed Water; (T3). brine containing %5 Electrolyzed Water; (T4). brine
containing %10 Electrolyzed Water.

3.1.3. Changes in Titratable Acidity
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The variations in the titratable acidity of Iranian
white cheese samples during storage are
summarized in Table 3. The analysis of the
interaction between storage time and different
concentrations of neutral electrolyzed water (NEW)
revealed significant differences in acidity levels (P <
0.05). Specifically, the interaction effects indicated
that throughout the 60-day storage period, the
highest and lowest acidity levels in the control
samples were recorded on day 30 and day 60,

respectively. Over the course of storage, acidity
decreased in the control and T2 (1% EW) groups,
whereas an upward trend was observed in T3 (5%
EW) and Ts (10% EW). The primary factor
contributing to the overall acidity is the production
of lactic acid by the starter cultures. Furthermore,
the increasing trend in acidity in certain treatments
can be attributed to the decomposition of
hypochlorous acid into H* and Cl- ions, as well as
the subsequent formation of acetic acid [5].

Table3: The mutual effect of treatments and different storage times on changes in the acidity of Iranian white
cheese containing different concentrations of Electrolyzed Water

Sample Storage time (days)
1 30 60
Control ~ 0.19+0° 0.21+0° 0.09+0.005"
T, 0.16+04 0.18+0° 0.14+0.005¢
T; 0.12+0° 0.160¢ 0.160¢
T4 0.16+0¢ 0.19+0° 0.18+0¢°

*Different letters indicate a significant difference at the 0.05 level and checking the interaction between samples
and storage time.
*The results are reported as the mean of three replicates + standard deviation.
(T»). brine containing %1 Electrolyzed Water; (T3). brine containing %5 Electrolyzed Water; (T4). brine
containing %10 Electrolyzed Water.

3.1.4. Changes in Salt Content

The variations in the salt content of Iranian white
cheese samples during storage are summarized in
Table 4. The analysis of the interaction between
storage time and various concentrations of
electrolyzed water (EW) revealed significant
differences among the samples (P < 0.05).
Specifically, the salt content in T4 (10% EW) was
lower compared to the control group and exhibited a
continuous downward trend throughout the 60-day
storage period. This reduction can be attributed to
the increased proportion of EW; as the EW
concentration rose, the amount of the initial 10%
brine solution was effectively reduced. It is
hypothesized that during the electrolysis process,
NaCl undergoes decomposition over time, exerting

its antimicrobial and chemical effects through the
generation of hypochlorous acid (HOCI) and
hypochlorite ions (OCI") [5]. Salt plays a critical role
in maintaining the hardness and flavor profile of the
cheese. A reduction in the salt ratio tends to cause
the cheese matrix to soften or dissolve, as essential
minerals that contribute to structural firmness leach
into the surrounding brine. Consequently, osmotic
pressure causes water from the brine to penetrate the
cheese, thereby increasing its moisture content [20].
Furthermore, salt enhances shelf life by lowering the
water activity (aw) of the product, which effectively
inhibits the growth of spoilage and pathogenic
microorganisms, including total viable count,
coliforms, and molds and yeasts.

Table 4: The interaction effect of treatments and time on changes in the salt content in Iranian white cheese
containing different concentrations of Electrolyzed Water

Sample Storage time (days)
1 30 60
Control 0.87+0° 0.86+0.01° 0.76+0.02¢
T2 0.84+0% 0.57+0¢ 0.49+0¢
T3 0.81+0.02° 0.52+0" 0.48+0.01¢
T4 0.61+0.034 0.52+0.005° 0.52+0.01°f

*Different letters indicate a significant difference at the 0.05 level and checking the interaction between samples
and storage time.
*The results are reported as the mean of three replicates + standard deviation.
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(T2). brine containing %1 Electrolyzed Water; (T3). brine containing %5 Electrolyzed Water; (T4). brine
containing %10 Electrolyzed Water.

with a previous study on the efficacy of electrolyzed
oxidizing water in controlling Pseudomonas
syringae in tomato products, which reported no
significant differences in relative moisture content
during a 7-day storage period (P > 0.0001) [21].
Similarly, research evaluating the effects of plasma-
activated water and slightly acidic electrolyzed
water (SAEW) as thawing media for beef
demonstrated that AEW has a negligible impact on
moisture loss [22].

3.1.5. Changes in Total Solids Content

The variations in the total solids content of Iranian
white cheese samples during storage are
summarized in Table 5. The analysis of the
interaction between storage time and different
concentrations of electrolyzed water (EW) indicated
an upward trend in total solids across all
experimental groups compared to the control.
However, despite this increase, no statistically
significant differences were observed among the
treatments (P > 0.05). These findings are consistent

Table 5: The interaction effect of treatments and time on changes in dry matter of Iranian white cheese
containing different concentrations of Electrolyzed Water

Sample Storage time (days)
1 30 60
Control 32.740.17" 28.34+0.43" 33.941.02™
T, 28.1+0.57" 30.9+1.61™ 34.2+2.08m
Ts 29.6£0.2™ 32.2+1.92m 31.241.920
T4 30.841.33™ 32.242.402" 30.841.33™

“ns indicates a non-significant difference at the 0.05 level.
*The results are reported as the mean of three replicates + standard deviation.
(T»). brine containing %1 Electrolyzed Water; (T3). brine containing %5 Electrolyzed Water; (T4). brine
containing %10 Electrolyzed Water.

3.2. Microbiological Analysis 3.2.1. Total Viable
Count (TVC)

The logarithmic values of the total viable count
(TVC) are presented in Table 6. The interaction
between storage time and various concentrations of
electrolyzed water (EW) showed significant
differences in TVC between the control and the
experimental treatments (P < 0.05). According to
Table 6, the microbial population in the control
sample exhibited an upward trend throughout the
60-day storage period due to the absence of
antimicrobial agents. Conversely, samples treated
with EW showed a significant reduction in the total
number of microorganisms. It has been reported that
the production of exopolysaccharides can lead to
biofilm formation around microorganisms, which
subsequently increases bacterial resistance against
hypochlorite  solutions [23]. Generally, the
antimicrobial activity of chlorine-based solutions
depends on the concentration of hypochlorous acid

present in the water. The chlorine content in EW
plays a crucial role in bacterial inactivation. At a pH
range of 5.0-6.5, hypochlorous the
predominant form of chlorine in neutral electrolyzed

acid is

water, which has been proven to possess the highest
bactericidal activity [24]. Furthermore, the presence
of salt in the treatment solution may increase the
osmotic pressure in the aqueous phase of the food
leading to bacterial dehydration and
subsequent growth inhibition or death [25]. These

matrix,

findings are in alignment with previous studies
investigating the slightly acidic
electrolyzed water for inactivating Salmonella
Enteritidis on contaminated eggshells, the
effectiveness of neutral electrolyzed water in
reducing microbial loads in minimally processed
vegetables, and the bactericidal impact of slightly
acidic electrolyzed water on Listeria monocytogenes
planktonic cells and biofilms on food-contact
surfaces [23, 26, 27].

efficacy of

Table 6: Interaction effect of treatments and time on total count in Iranian white cheese containing different
concentrations of Electrolyzed Water

Sample

Storage time (days)

77



Iranian journal of food science and industry

Number 172, Volume 23, July2026

1 30 60
Control 8.46+0.1°¢¢  9.27+0.02°>  10.64+0.14*
T, 8.2540.05°F  7.33+0.1¢ 6.87+0.02"
T; 8.65+0.05¢ 8.41+0.2¢ 6.21+0.05
Ty 8.29+0.26°F  8.12+0.01f 60

“Different letters indicate a significant difference at the 0.05 level and checking the interaction between samples
and storage time.
“The results are reported as the mean of three replicates + standard deviation.
(T2). brine containing %1 Electrolyzed Water; (T53). brine containing %5 Electrolyzed Water; (T4). brine
containing %10 Electrolyzed Water.

3.2.2. Enumeration of Lactic Acid Bacteria
(LAB)

The logarithmic counts of lactic acid bacteria are
presented in Table 7. The analysis of the interaction
between storage time and various concentrations of
(EW) significant
differences in LAB populations between the control
and the experimental treatments (P < 0.05). It was
observed that the growth of LAB followed an
upward trend in T (1% EW) and T4 (10% EW),
whereas a downward trend was recorded for the

electrolyzed water revealed

control and T3 (5% EW) samples. The reduction in
certain treatments could potentially be attributed to
the high oxidative potential of electrolyzed water,
which may have oxidized Lactobacillus species—
the primary producers of lactic acid leading to the
subsequent production of carbon dioxide (CO>)
within the cheese matrix. Furthermore, the decline
in lactic acid levels in some samples may be
assigned to high yeast activity, as yeasts can
metabolize organic acids, thereby reducing the
overall lactic acid concentration [28].

Table7: The interaction effect of treatments and time on the amount of starter bacteria in Iranian white cheese
containing different concentrations of Electrolyzed Water

Sample Storage time (days)
1 30 60
Control ~ 8.5+0.03¢ 5.49£0.11¢ 3.58+0.11F
T, 8.57+0.18°¢ 9.6+0.23* 9.05+0.05°
T 8.5+0.12¢ 8.38+0.08¢ 7.28+0.2¢
Ty 8.41+0.02¢ 8.34+0.03¢ 9.17+0.13°

*Different letters indicate a significant difference at the 0.05 level and checking the interaction between samples
and storage time.
*The results are reported as the mean of three replicates + standard deviation.
(T»). brine containing %1 Electrolyzed Water; (T3). brine containing %5 Electrolyzed Water; (T4). brine
containing %10 Electrolyzed Water.

3.2.3. Enumeration of Molds

The logarithmic counts of molds in Iranian white
cheese are presented in Table 8. The analysis of the
interaction between storage time and various
concentrations of electrolyzed water (EW) revealed
significant differences in mold populations between
the control and the experimental treatments (P <
0.05). As indicated in the results, the mold count
exhibited a downward trend over the 60-day storage
period, eventually approaching zero by day 60.
Treatment 4 (10% EW) demonstrated the most
pronounced antifungal effect. Generally, the
enhanced antimicrobial activity of electrolyzed
water can be attributed to its low pH, high
Oxidation-Reduction Potential (ORP), and the
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presence of available chlorine [24]. Furthermore, the
results suggest that increasing the concentration and
contact time of EW effectively eliminated
established biofilms, leading to the complete
inhibition of mold growth [23]. These findings are
consistent with previous research evaluating the
synergistic effect of fumaric acid and slightly acidic
electrolyzed water on the inactivation of foodborne
pathogens and the shelf-life extension of fresh beef
[29]. Our results are also in agreement with studies
investigating the fungicidal activity of acidic
electrolyzed oxidizing water and the potential of EW
to inactivate spoilage fungi in bread and cheese,
where Penicillium roqueforti showed the highest
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susceptibility (97.5% reduction) among all tested
spoilage fungi [30-31].

Table 8: The interaction effect of treatments and time on the amount of mold in Iranian white cheese containing
different concentrations of Electrolyzed Water

Sample Storage time (days)
1 30 60
Control 1.1540.15° 0+0¢ 1.1540.15°
T, 1.1540.15° 1.38+0.08¢ 0+0¢
Ts 1+0° 0+0¢ 0+0¢
Ty 0+0¢ 0+0¢ 0+0¢

“Different letters indicate a significant difference at the 0.05 level and checking the interaction between samples
and storage time.
"The results are reported as the mean of three replicates + standard deviation.
(T2). brine containing %1 Electrolyzed Water; (T53). brine containing %5 Electrolyzed Water; (T4). brine
containing %10 Electrolyzed Water.

4.2.3. Investigation of Yeast Count Results

Table 9 presents the logarithmic yeast counts in
Iranian white cheese. As illustrated in the table, the
investigation into the interaction between storage
time and various concentrations of electrolyzed
water (EW) revealed a significant difference (P <
0.05) in yeast counts between the control and all
experimental samples treated with EW. The data
indicates that while yeast counts generally increased
over the storage period, they significantly decreased
across treatments as the concentration of EW was
increased. Specifically, an upward trend was
observed during the 60-day storage period, with the
highest count recorded in the control sample on day
60. Conversely, within the specified intervals of 30

and 60 days, yeast growth showed a declining trend
as the EW concentration increased. This variation
can be attributed to the concentration and
application time of the electrolyzed water and its
efficacy in overcoming the protective biofilm
surrounding the microorganisms. These findings are
consistent with the results of Buck et al. (2002), who
the fungicidal activity of acidic
electrolyzed oxidizing water, Tango et al. (2014),

examined

who investigated the synergistic effect of combined
fumaric acid and slightly acidic electrolyzed water
on inactivating foodborne pathogens and extending
the shelf life of fresh beef, and Lemos et al. (2022),
who studied the potential of electrolyzed water to
inactivate spoilage fungi in bread and cheese [29,
30, 31].

Table 9: The interaction effect of treatments and time on the amount of yeast in Iranian white cheese containing
different concentrations of Electrolyzed Water

Sample Storage time (days)
1 30 60
Control 00" 7.38+0.005° 7.16+0.09¢
T 1.35+0.15° 1.45+0.15° 7.14+0.08¢
T; 1.38+0.08f 8.8+0.09? 6.25+0.084
T4 1.38+0.03° 1408 3.03+0.03%

“Different letters indicate a significant difference at the 0.05 level and checking the interaction between samples
and storage time.
"The results are reported as the mean of three replicates + standard deviation.
(T»). brine containing %1 Electrolyzed Water; (T3). brine containing %5 Electrolyzed Water; (T4). brine
containing %10 Electrolyzed Water.

5.2.3. Investigation of Coliform Count Results

Table 10 illustrates the logarithmic coliform counts
in Iranian white cheese, where the analysis of the
interaction between storage time and various
concentrations of Electrolyzed Water (EW) revealed
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a significant difference (P < 0.05) between the
control and all EW-treated experimental samples.
While coliform counts in the control group increased
over the 60-day storage period, a notable declining
trend was observed in the treated samples,
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eventually approaching zero as the EW industry.  Similarly, Sarmadi et al. (2017)
concentration and application time increased; this demonstrated the efficiency of slightly acidic EW in
reduction is primarily attributed to the potent inactivating Salmonella Enteritidis on eggshells,
germicidal properties of EW and its efficacy in noting that while initial differences were minimal,
inhibiting  biofilm formation. The superior post-disinfection counts of E. coli were lowest in
antimicrobial activity of EW is generally linked to formaldehyde and acidic EW groups, while alkaline
its low pH, high Oxidation-Reduction Potential and neutral EW treatments showed significant
(ORP), and available chlorine content, alongside the differences (P < 0.05) compared to other groups [5,
presence of peracetic acid and sodium hypochlorite 32]. Furthermore, these results are consistent with
[24]. These findings align with Tango et al. (2014) Abadias et al. (2008), who confirmed the efficacy of
regarding the synergistic effects of EW and fumaric neutral EW in reducing microbial contamination in
acid on foodborne pathogens [29], as well as minimally processed vegetables [27].

Hricova et al. (2008) on EW applications in the food

Table 10: The interaction effect of treatments and time on the amount of coliform in Iranian white cheese
containing different concentrations of Electrolyzed Water

Sample Storage time (days)
1 30 60
Control 1.73£0.04° 1.3+0°¢ 3.14+0.03?
T, 1.15+0.15¢ 1+0¢ 0+0f
Ts 1+0¢ 0+0° 0+0°
T4 1.15+0.15¢ 00" 0+0°

*Different letters indicate a significant difference at the 0.05 level and checking the interaction between samples
and storage time.
“The results are reported as the mean of three replicates + standard deviation.
(T»). brine containing %1 Electrolyzed Water; (T3). brine containing %5 Electrolyzed Water; (T4). brine
containing %10 Electrolyzed Water.

3.3. Colorimetry occurs as light passes through surface layers and is
dispersed by fat globules and internal pores; a

Food color is one of the most critical sensory reduction in this scattering leads to decreased

parameters influencing consumer perception of
product quality. As illustrated in Figure 1, the
analysis of variance regarding the interaction
between storage time and various concentrations of
Electrolyzed Water (EW) over a 60-day period
revealed a significant impact on the L* (lightness)
index (P <0.05). The results indicated that while the
lightness of EW-treated samples decreased over 60

lightness [35]. Regarding the a" index
(redness/greenness), as shown in Figure 2, the
interaction between storage time and EW
concentrations did not significantly affect this
parameter (P > 0.05). These findings align with
Rosario-Pérez et al. (2023), who studied the effect
of neutral electrolyzed water (NEW) and NaClO on
chicken breast and observed no significant changes
in this value [19]. Finally, as depicted in Figure 3,
the interaction between time and EW concentrations

days, the control sample exhibited an initial decrease
followed by an increase at day 30. Overall, the
samples became darker during storage, which can be
attributed to protein hydration, the subsequent
reduction of free water, and diminished light
scattering [33]. Khousroshahi et al. (2004) similarly
reported a decrease in the lightness of Iranian white
cheese during storage [34]. In solid products like
cheese, light scattering—which depends on the
uniformity of molecular and substructural layers—

showed a significant effect on the b"
(yellowness/blueness) index (P < 0.05). This is
consistent with Liao et al. (2022), who evaluated the
use of plasma-activated water (PAW) and slightly
acidic EW as a thawing medium for beef and found
that slightly acidic EW significantly impacts the b*
index [22].

80



Parsa Ghasemi & Javad Hessari The use of electrolysis water in the ...

&4 Control td 12%EW &1 5%EW i1 102%EW

Figure 1: The interaction effect of treatments and time on color component a* in Iranian white cheese
containing different concentrations of Electrolyzed Water
“ns indicates a non-significant difference at the 0.05 level.
*The results are reported as the mean of three replicates + standard deviation
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80

= Control W 1%EW 4 5%EW L 10%EW

Figure 2: The interaction effect of treatments and time on the color component L* in Iranian white
cheese containing different concentrations of Electrolyzed Water
*Different letters indicate a significant difference at the 0.05 level and checking the interaction between
samples and storage time.
“The results are reported as the mean of three replicates + standard deviation.
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Figure 3: The interaction effect of treatments and time on color component b* in Iranian white cheese
containing different concentrations of Electrolyzed Water
“Different letters indicate a significant difference at the 0.05 level and checking the interaction between samples
and storage time.
“The results are reported as the mean of three replicates + standard deviation.
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4.3. Texture Profile Analysis (TPA) period. This reduction in hardness is primarily
Since cheese texture significantly influences attributed to proteolysis [28]. When the salt
consumer acceptance, it is considered a vital concentration in cheese is significantly reduced,
quality parameter. Accordingly, the factors of water activity, acidity, and bitterness increase,
hardness, cohesiveness, springiness, gumminess, while firmness decreases [36]. The firmness of
and chewiness were evaluated and compared on cheese during brine storage depends on two main
days 1 and 30. Hardness represents the maximum factors: moisture loss, which increases firmness,
force required to compress the sample to 50% of its and proteolysis, which decreases firmness by
initial height during the first compression cycle. breaking down casein micelles. Furthermore, the
According to the results in Table 11, among the softening of cheese during the ripening period can
control and experimental samples treated with be explained by the decrease in pH, which leads to
various concentrations of electrolyzed water (EW), the solubilization of calcium phosphate.
the highest hardness was recorded in the control Consequently, the reduction of calcium bound to
sample on day 30, while the lowest was observed casein micelles increases the repulsive forces
in Treatment 4 (10% EW) on the same day. between them, weakening the structural bonds of
Generally, it can be concluded that cheese hardness the cheese and leading to a softer texture [37].

exhibited a declining trend over the 30-day storage

Table 11: The interaction effect of treatments and time on the hardness of Iranian white cheese containing
different concentrations of Electrolyzed Water

Sample Storage time (days)
1 30
Control 0.634+0.0005 1.76+0.002
T, 1.626+0 1.539+0
T; 1.214+0.0005 0.83£0.03
Ty 0.499+0.001 0.8+0

(T> ):brine containing %1 Electrolyzed Water; (T3 ).brine containing %5 Electrolyzed Water; (T4 ).brine
containing %10 Electrolyzed Water.

Springiness water (EW) showed that the highest springiness
Springiness indicates the sample's ability to was observed in Treatment 4 (10% EW) on day 1,
recover its original state after the application of a whereas the lowest value was recorded for the
deforming force. According to the results in Table same treatment on day 30. Overall, a reduction in
12, a comparison between the control and various springiness was observed in all treated samples on
experimental samples treated with electrolyzed day 30 compared to their initial values on day 1.

Table 12: The interaction effect of treatments and time on Springiness
of Iranian white cheese containing different concentrations of Electrolyzed Water

Sample Storage time (days)
1 30
Control 1.106+0.003 1.112+0.001
T, 1.149+0.001 1.138+0.002
T; 1.153+0 1.153+0
T4 1.161+0.001 1.101£0.01

(T2 ).brine containing %1 Electrolyzed Water; (T3 ).brine containing %5 Electrolyzed Water; (T4 ).brine
containing %10 Electrolyzed Water.

Gumminess Table 13, comparing the control and experimental
Another parameter investigated was gumminess, samples treated with various concentrations of
which represents the energy required to electrolyzed water (EW) revealed that the highest
disintegrate a semi-solid food product to a state gumminess was observed in Treatment 2 (1% EW)
ready for swallowing. According to the results in on day 1, while the lowest value was recorded for
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the control sample on the same day. Generally, it
was observed that the gumminess of the treated

samples exhibited a declining trend over the 30-
day storage period.

Table 13: The interaction effect of treatments and time on the gumminess of Iranian white cheese containing
different concentrations of Electrolyzed Water

Sample

Storage time (days)

30

Control 0.27+0.02

T> 1.23+0
T; 0.778+0
T, 0.305+0.001

0.87+0.01

1.13+0.02

0.46+0.04
0.37+0

(T» ).brine containing %1 Electrolyzed Water; (T3 ).brine containing %35 Electrolyzed Water; (T4 ).brine
containing %10 Electrolyzed Water.

Cohesiveness

Another investigated parameter was cohesiveness,
which indicates the sample's ability to undergo
deformation before structural failure or breaking.
According to the results in Table 14, the highest
cohesiveness was observed in Treatment 2 (1%

EW), while the lowest value was recorded in the
control sample on day 1. Overall, the application of
electrolyzed water improved the cohesiveness of
the tissue structure [28].

Table 14: Interaction effect of treatments and

time on consistency of Iranian white cheese containing different concentrations of Electrolyzed Water

Storage time (days)

1

30

Sample

Control 0.426+0
T 0.76%0.03
T3 0.641+0.001
Ta 0.613+0

0.493+0.0005
0.76x0
0.561+0.0005
0.473+0

(T, ):brine containing %1 Electrolyzed Water; (T3 ).brine containing %5 Electrolyzed Water; (T4 ).brine
containing %10 Electrolyzed Water.

Chewiness

The final investigated parameter was chewiness,
which represents the energy required for
mastication and oral digestion of solid food
products. According to the results in Table 15, a
comparison between the control and various
experimental samples treated with electrolyzed

water (EW) showed that the highest chewiness was
recorded in Treatment 2 (1% EW) on day 1, while
the lowest was observed in Treatment 4 (10% EW)
on day 30. Overall, a declining trend was observed
among the treated samples over the 30-day period.
It can be inferred that a direct relationship exists
between hardness and chewiness; thus, factors
influencing cheese hardness also significantly
impact its chewiness [28].

Table 15: The interaction effect of treatments and time on the Chewiness of Iranian white cheese containing
different concentrations of Electrolyzed Water

Sample Storage time (days)
30
Control 0.31+0.01 0.96+0.02
T, 1.36+0.005 1.274+0.005
T; 0.88+0.005 0.52+0
Ty 0.4+0.005

(T2 ).brine containing %1 Electrolyzed Water; (T3 ).brine containing %5 Electrolyzed Water; (T4 ).brine
containing %10 Electrolyzed Water.
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Figure 4,5: Cheese texture profile diagram containing Electrolyzed Water

5.3. Sensory Evaluation

The sensory quality of cheese is influenced by
several factors, including animal genetics, the milk
production environment, processing technologies,
and the chemical and microbiological
characteristics of the raw materials [38]. In this
study, the sensory evaluation of the cheese was
conducted based on five indices: texture, flavor,
aroma, color, and overall acceptability. According
to the panelists' scores, Figures A, B, C, D, and E
illustrate the interaction between storage time and
various concentrations of electrolyzed water (EW)
regarding color, flavor, aroma, texture, and overall
acceptability, respectively. The results indicated no

significant differences (P > 0.05) among all
treatments over the 60-day period in terms of color,
flavor, texture, and overall acceptability. However,
as shown in Figure C, a significant difference (P <
0.05) was observed in the aroma between the
control and the experimental samples treated with
different EW concentrations. The highest score
was attributed to Treatment 3 (5% EW), while the
lowest score was recorded for Treatment 4 (10%
EW). Specifically, in Treatment 4, a bitter taste was
detected on day 60, and in Treatment 2 (1% EW),
a salty taste was predominant. Nevertheless,
among all experimental samples, the best flavor
profile was reported for Treatment 3 (5% EW).

E3

Smeidl

——W

W

Taste

Acceptance

Texture

Figure 6: Variation of sensory scores for Iranian white cheese containing different concentrations of
Electrolyzed Water: days1-30-60 (Figs. A-E). Data are mean of 9 panelists scores (n=9).
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4-Conclusion

Iranian white cheese is one of the most important
and widely consumed dairy products. To extend its
shelf life, electrolyzed water (EW) was utilized at
concentrations of 1%, 5%, and 10%. The results
demonstrated that the populations of coliforms and
fungi in the treated samples generally decreased as
the storage period progressed. Furthermore, this
study revealed that the qualitative, sensory, and
microbiological characteristics of cheese stored in
whey containing 5% EW were superior to those of
other treatments, with no significant quality
degradation observed in the treated samples.
Consequently, further research is warranted to
explore the application of electrolyzed water as a
non-thermal and innovative technology in the
formulation of various dairy products.
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