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Introduction: The present study aimed to evaluate the inhibitory effects of alginate coating and 
electrolyzed oxidizing water (EOW) on Listeria monocytogenes in fish samples during 12 days in 
cold storage condition (4˚C). 

Methods: Initially, fish fillets were inoculated with L. monocytogenes and divided into different 
groups. Following that, treated samples including controls (no coating), distilled water, alginate, 
EOW, and alginate coating with EOW were stored at refrigeration temperature. The fillets were 
preserved at the temperature of 4°C, and the bacterial count was performed on days zero, two, 
four, eight, and 12.  

Results: The separate and combined use of alginate and EOW could significantly inhibit the 
growth of inoculated L. monocytogenes compared to the control samples, and the maximum 
reduction was observed in the EOW and alginate treatment (1.37 log CFU/g). 

Conclusion: It is recommended that alginate coating combined with EOW in fish improved 
safety against L. monocytogenes infection. 
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Introduction 
Seafood has a high nutritional value and is an 
abundant source of proteins, minerals, vitamins, 
and omega-3 polyunsaturated fatty acids (n-3 
PUFAs) (1). Seafood safety is of paramount 
importance, especially in the countries with a 
high consumption rate of raw seafood (2). It is 
acknowledged that fish consumption has 
nutritional and health benefits for humans (3). 
However, fresh fish is prone to deteriorate 
primarily due to biological reactions such as 
protein degradation/decomposition following 
the activity of endogenous/microbial enzymes 
(4). On the other hand, fish and its products have 
been classified as major causes of foodborne 
diseases.  
Listeria monocytogenes is considered to be a 
prominent foodborne pathogen, posing public 
health risks such as increased hospitalization 

and mortality rates due to listeriosis (5). L. 
monocytogenes is also known to cause seafood-
borne listeriosis (6), which is a grave concern 
due to its severe pathogenicity (7). The intake of 
foods containing this pathogen at infectious 
levels could cause various diseases in 
immunocompromised patients and pregnant 
women (8). To mitigate the health-related risks 
and financial damage caused by foodborne 
microorganisms, natural products serving as 
antibacterial substances could be used for 
controlling the propagation of pathogenic 
bacteria and prolonging the lifespan of processed 
foods (9). Antimicrobial coatings or films act as a 
protective barrier and are able to delay microbial 
growth (10).  
Hydrophilic edible coatings are excellent 
barriers against oxygen and carbon dioxide with 
considerable mechanical properties at low 
relative humidity. Multiple experiments have 
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demonstrated that edible films filled with 
proteins, polysaccharides, and oil-containing 
compounds could increase the lifespan of fish 
and maintain its quality. Furthermore, these 
coatings might act as antimicrobial agents and 
antioxidant vectors, thereby leading to the 
presence of preservatives on the top layer of food 
at high levels. Alginate is a brown algae-derived 
linear anionic polysaccharide comprised of two 
building blocks, which are α 1-4 hyaluronic acid 
and β-D-mannuronic acid. Alginate forms solid 
gels or non-soluble polymers through its distinct 
colloidal properties. Such biopolymer-based 
films increase the water barrier, prevent 
microbial contamination, and preserve flavor, 
which will result in the high quality of food and 
its extended shelf life (11). In addition, they are 
capable of forming biologically active alginate-
based films for seafood conservation 
(12).Provision of healthy food sources is a viable 
option to minimize the incidence of foodborne 
diseases. The antimicrobial effects of 
electrolyzed oxidizing water (EOW) have been 
confirmed on a wide range of microorganisms, 
such as L. monocytogenes (13). Recently, EOW 
has been introduced for application as a sanitizer 
(14). EOW is a newly-made antimicrobial agent 
in Japan, which was produced following dilute 
salt water exposure to an electric current inside 
a sealed container. EOW is remarkably cost-
efficient and environmentally safe compared to 
conventional disinfectant solutions. 
Furthermore, the use of EOW has shown no 
harmful effects on the organoleptic properties of 
various food products (color, smell, taste, or 
texture) (15). The disinfectant impact of EOW 
has been confirmed on the pathogenic bacteria 
found in fish and the sanitization of seafood 
product surfaces (15). Several experiments have 
been performed using EOW to prevent microbial 
contamination in various seafood products (15-
17).  
To date, several studies have investigated the use 
of alginate as a coating material for food, as well 
as the antimicrobial effects of EOW. However, no 
studies have been focused on the antimicrobial 
effects of the combinational use of alginate 
coating and EOW.  
The present study aimed to evaluate the 
antimicrobial effects of L. monocytogenes on an 
alginate coating prepared by EOW in salmon 
stored at the temperature of 4˚C. 

Materials and Methods  
Microorganisms and Materials 
Four strains of lyophilized L. monocytogenes 
(ATCC: 7644, 7834, 10671, 82119) were 
supplied from the Iranian Biological Resource 
Center in Tehran, Iran. The culture media were 
obtained from Merck (Merck, Darmstadt, 
Germany), and the reagents (analytical grade) 
were purchased from Sigma (Sigma-Aldrich 
Chemical Co. St. Louis, USA). The study protocol 
was approved by the Ethics Committee of 
Mashhad University of Medical Sciences in 
Mashhad, Iran (IR.MUMS.fm.REC.1395.155). 

EOW Preparation 
An EW generator (model: P30HST44T, EAU, GA, 
USA) was used to generate EOW (16). At 19A and 
10 V, 12% of a salt solution and tap water were 
constantly pumped into the EOW generator. 
Prior to collecting EOW, the generator was 
operated for 15 minutes to enable the machine to 
equilibrate, and water was dispensed at 1.5 
l/min. The pH of the neutral EW (NEW) was 6.5, 
and the free chlorine level was 200 ppm. A pH 
meter was utilized to measure the pH of the 
solution. The EOW was heated on a hot plate 
before immersion in a preheated water bath at 
the targeted temperature (17). 

Preparation of Bacteria 
Four strains of L. monocytogenes were cultured 
on PALCAM agar at the temperature of 37˚C for 
24 hours, and biochemical tests were performed 
to confirm the typical colonies of L. 
monocytogenes. 

Preparation of Salmon Fillets and Bacterial 
Inoculation  
Fresh salmon fish (mean weight: 300±50 g) was 
supplied from a local fish farm in Mashhad, Iran 
in summer 2018, filleted, and quickly transferred 
to the laboratory. Following that, the fillets were 
rinsed to remove blood and slime and dried. The 
fillets were cut into pieces weighing 10±1 grams, 
sprayed with 70% ethanol (v/v), burnt, and 
trimmed to eliminate surface microorganisms 
(7). One strain of L. monocytogenes (50 μl of ~107 
CFU/ml dilution) was inoculated using 
adjustable volume micropipettes on each side of 
separate fillets (final concentration: ~ 105 
CFU/g).  
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Preparation of Coating Solutions and 
Treatments 
Alginate solutions were prepared by dissolving 
alginate powder (3% by weight) into sterile 
distilled water/EW (Table 1) containing 2% 
glycerol as a plasticizer in a controlled 
environment (45°C) and stirring continuously 
for 15 minutes until achieving transparency. 
Afterwards, 2% calcium chloride (v/v) was 

dissolved in distilled water and sterilized using 
an autoclave at the temperature of 121°C for 15 
minutes. The inoculated salmon fillets were 
divided into six treatment groups (Table 1), 
immersed in the desired treatments for one 
minute, drained, and immersed again in a CaCl2 
solution. Finally, the inoculated salmon filets 
were analyzed on days zero, two, four, eight, and 
12 (16). 

Table 1. List of Treatments in Study 
Treatment Description for Samples 

Control 
DW 
Alg 
EOW 
EOW & Alg 
EOW + Alg 

with no coating solution 
coated with distilled water 
coated with the alginate solution 
coated with electrolyzed oxidizing water 
coated with alginate solution prepared by electrolyzed oxidizing water 
immersed in electrolyzed oxidizing water, then coated with alginate solution 

  

Enumeration of L. monocytogenes 
At this stage, the fish fillets (10 g) were 
homogenized in a stomacher (Seward Medical, 
UK) for three minutes at a total volume of 90 
milliliters of sterile buffered peptone water 
(0.1% w/v). Serial dilutions (1:10) were also 
prepared for each sample, and 10 microliters of 
each sample was cultured on PALCAM agar. 
PALCAM agar plates were incubated at the 
temperature of 30°C for 48 hours (16).  

Statistical Analysis 
All experiments were carried out in triplicate. 
Data analysis was performed in SPSS version 21 
(SPSS, Inc. Chicago, IL, USA). To assess significant 
differences at P<0.05, the analysis of variance 
(ANOVA) was repeatedly performed, followed by 
Bonferroni post-hoc test. 

Results and Discussion 
Figure 1 shows the impact of the treatments on L. 
monocytogenes growth after a 12-day storage 
period. Throughout the storage time, the initial 
count of L. monocytogenes increased in the 
control, distilled water, and alginate groups, 
while decreasing in the other three groups (i.e., 
EOW, EOW & alginate, EOW + alginate). In a study 
in this regard, Hudaa Neetoo et al. (2010) 
investigated the effectiveness of using alginate-
based coatings in limiting L. monocytogenes 
growth to increase the microbial safety of filleted 
salmon, concluding that antimicrobial coatings 
could improve salmon safety and inhibit the 
growth of L. monocytogenes. Furthermore, the 
mentioned study indicated that microbial growth 

may be slightly slower in the products that are 
naturally contaminated, which is consistent with 
the findings of the current research (2). 
According to our findings, the lowest final count 
of L. monocytogenes was observed in the EOW + 
alginate (3.92 log CFU/g) and EOW and alginate 
(3.98 log CFU/g).  
Table 2 shows the mean reduction rate of L. 
monocytogenes count in various treatments. 
Accordingly, the maximum reduction rate 
belonged to the EOW & alginate (1.37 log CFU/g) 
and EOW + alginate groups (1.34 log CFU/g) 
compared to the control group. According to the 
information in Table 2, using combinational 
antimicrobial agents was more effective against 
microbial growth compared to the separate use. 
In another study, Andres Rivera-Garcia et al. 
(2019) analyzed the impact of neutral 
electrolyzed water as a disinfectant for eggshell 
artificially contaminated with L. monocytogenes, 
reporting that NEW is a viable option for use as a 
disinfectant solution to reduce/eliminate L. 
monocytogenes without affecting the quality or 
mineral content of eggshell.  
Our findings are consistent with the previous 
research conducted in this regard (17). For 
instance, Desa et al. (2003) investigated the 
effectiveness of NEW as a disinfectant for tomato 
surface, and the obtained results indicated that 
using NEW could significantly reduce pathogenic 
microorganisms such as L. monocytogenes and E. 
coli O157: H7 on the surface of tomatoes without 
affecting their organoleptic properties. 
Therefore, it could be concluded that NEW has a 
potential application to decontaminate the 
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contact surface of new products, which is 
consistent with the results of the present study 
(18). 
 

 
Figure 1. Evolution in Bacterial Count (log CFU/g) of Fish Fillet Samples Inoculated with L. monocytogenes during Storage 

Table 2. Comparison of Mean Reduction Rate of L. monocytogenes Count in Different Treatments during Study Period A 
Mean Difference I-J 

Group (I) 
Group (J) DW Alg EOW EOW & Alg EOW + Alg 

Control  0.12 0.25 0.96* 1.37* 1.34* 
DW   0.12 0.83* 1.24* 1.21* 
Alg    0.71* 1.11* 1.09* 
EOW     0.40* 0.38 
EOW & Alg      0.02 

*Significant difference (P<0.05) 

Conclusion 
According to the results, EOW and alginate 
coating could significantly inhibit the growth of 
L. monocytogenes. Furthermore, the EOW & Alg 
had the most significant effect on the inhibition 
of L. monocytogenes growth in the salmon fillet 
samples. Due to the priority of using natural 
antimicrobials in food products by producers 
and consumers, it is recommended that an 
alginate coating solution be employed in 
combination with EOW in salmon fillet to ensure 
higher safety against pathogenic bacteria such as 
L. monocytogenes. 
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