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ABSTRACT 
 
The majority of food infections caused by consumption of egg and egg products are caused by Salmonella enterica 
subspecies enterica serovar Enteritidis. In this study, the inhibitory effect against S. Enteritidis was determined by 
dipping the eggshell into Salmonella-specific bacteriophage SE-P47 and levulinic acid (LVA) plus sodium dodecyl 
sulfate (SDS) solutions (0.5% LVA+0.05% SDS, 1% LVA+0.05% SDS and 2% LVA+0.5% SDS) separately for 10 
minutes. The treatments of phage and 2% LVA+0.5% SDS reduced S. Enteritidis below the detectable level on 
eggshell (at 2.76, 3.22, 4.48 and 5.30 log CFU/cm2 inoculum levels). After the treatment of 1% LVA+0.05% SDS, 1.94 
and 0.89 log reductions were obtained at 4.48 and 5.30 log CFU/cm2 inoculum levels, respectively, while S. Enteritidis 
decreased below the detectable number at 2.76, 3.22 log CFU/cm2 inoculum levels. Although the lowest antibacterial 
activity was observed in the treatment of 0.5% LVA+%0.05 SDS, the decrease in the number of S. Enteritidis detected 
in all samples except 5.30 log CFU/cm2 inoculum level was found to be significant compared to the control sample. 
The results indicated that the combination of LVA and SDS, and especially SE-P47 phage alone had good potential 
efficacy for Salmonella decontamination on eggshell.  
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Yumurta Kabuğunda Salmonella Enteritidis’in Dekontaminasyonu: Bakteriyofaj ve Levülinik 
Asit-Sodyum Dodesil Sülfatın Etkinliğinin Değerlendirilmesi 

 
ÖZ 
 
Yumurta ve yumurta ürünlerinin tüketiminden kaynaklanan enfeksiyonların çoğu, Salmonella enterica subspecies 
enterica serovar Enteritidis kaynaklıdır. Bu çalışmada, yumurta kabukları Salmonella’ya özgü SE-P47 bakteriyofajı ve 
levülinik asit (LVA) ile sodyum dodesil sülfat (SDS) çözeltilerine (0.5% LVA+0.05% SDS, 1% LVA+0.05% SDS ve 2% 
LVA+0.5% SDS) ayrı ayrı 10 dk süreyle daldırılarak S. Enteritidis üzerindeki inhibitör etki belirlenmiştir. Faj ve %2 
LVA+%0.5 SDS uygulamaları, yumurta kabuğu üzerinde S. Enteritidis'i tespit edilebilir seviyenin altına düşürmüştür 
(2.76, 3.22, 4.48 ve 5.30 log kob/cm2 inokulum seviyelerinde). %1 LVA+%0.05 SDS uygulamasından sonra 4.48 ve 
5.30 log kob/cm2 inokulum seviyelerinde sırasıyla 1.94 ve 0.89 log azalma elde edilirken, 2.76, 3.22 log kob/cm2 
inokulum seviyelerinde S. Enteritidis, tespit edilebilir seviyenin altına düşmüştür. En düşük antibakteriyel aktivite %0.5 
LVA+%0.05 SDS uygulamasında gözlemlenmesine rağmen, 5.30 log kob/cm2 inokulum seviyesi hariç tüm örneklerde 
tespit edilen S. Enteritidis sayısındaki azalma, kontrol örneğine göre önemli bulunmuştur. Sonuçlar, yumurta 
kabuğunda Salmonella dekontaminasyonu için LVA ile SDS'nin kombinasyonu ve özellikle SE-P47 fajının tek başına 
iyi bir potansiyel etkinliğe sahip olduğunu göstermiştir. 
 
Anahtar Kelimeler: Bakteriyofaj, Dekontaminasyon, Yumurta kabuğu, Levülinik asit, Salmonella Enteritidis 
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INTRODUCTION 
 
Increasing urbanization and changes in consumer 
dietary trends (increased consumption of quality protein) 
lead to an increase in the demand for animal products 
and therefore more animal food products to be 
processed [1, 2]. The increase in production complicates 
food safety control and increases the risk of 
contamination of products with foodborne pathogens. 
Approximately 600 million cases of foodborne diseases 
and 420.000 deaths occur worldwide every year 
according to the World Health Organization. About 40% 
of foodborne diseases are particularly common among 
children under 5 years of age due to weak immune 
systems [3].  
 
Insufficient food safety applications during production, 
packaging, transportation, and storage cause serious 
consequences such as foodborne illness and death, as 
well as socioeconomic and psychological problems in 
society. Unsafe food consumption is estimated to cause 
losses of 110 billion dollars each year, especially in low- 
and middle-income countries, through reductions in 
productivity, health expenditures, and mass destruction 
of food [4]. 
 
Salmonella enterica (non-typhoidal) is one of the main 
causes of foodborne diseases, especially diarrheal 
diseases [3, 5]. The Centers for Disease Control and 
Prevention (CDC) estimates there are approximately 
1.35 million diseases, 26,500 hospitalizations, and 420 
deaths from Salmonella in the United States every year 
[6]. Salmonella is a member of the Enterobacteriaceae 
family and has two main species, S. enterica and S. 
bongori. Approximately 2,600 serotypes have been 
identified for Salmonella species, of which less than 100 
are known to cause human infections. Salmonella 
enterica serovar Enteritidis (S. Enteritidis) and 
Salmonella enterica serovar Typhimurium (S. 
Typhimurium) are the most frequently reported serovars 
responsible for Salmonella infections worldwide [1, 7, 8].  
 
Salmonella species are found in the intestinal microflora 
of humans, domestic, and farm animals [2]. Salmonella 
is usually transmitted to humans by consuming 
contaminated food or water but can also be transmitted 
through contact with infected animals [7]. The poultry, 
egg and egg products, pork, beef, dairy products, fruits, 
vegetables, seafood, and water are the reservoirs of 
Salmonella species [9, 10]. It is well known that one of 
the most common sources of Salmonella outbreaks is 
the consumption of poultry and eggs, however, the most 
common serotypes isolated from poultry and egg 
products are S. Enteritidis [2, 11-13].  
 
Egg is a frequently preferred food for human nutrition 
because it is nutritious and cheap compared to other 
protein sources [14]. Various egg products consumed in 
the world can be listed as shell eggs, egg whites, egg 
yolks, liquid, frozen or dried forms [15, 16]. In addition, 
the egg is included in the composition of many products 
such as bakery products, noodles, mayonnaise, ice 
cream, and desserts, due to the functional properties of 

its various components such as emulsifying and foaming 
ability [16, 17]. 
 
The inner part of eggs obtained from healthy poultry is 
considered sterile, however, it is known that there are a 
large number of microorganisms in the eggshell. 
Eggshells can be contaminated with microorganisms 
during production, processing, preparation, and 
packaging in the food chain [18]. Contamination of 
eggshell with Salmonella occurs due to contact of the 
eggshell with contaminated feces during or after laying. 
Other sources such as farmers, pets, and rodents play a 
role in the contamination of eggshells with Salmonella. 
Contamination of egg contents with Salmonella occurs 
through transfer from the eggshell (horizontal 
contamination) or direct contamination of the egg as a 
result of infected ovaries or oviduct tissue before shell 
formation (vertical contamination) [15, 19]. 
 
Various methods have been investigated to reduce or 
prevent Salmonella contamination on eggshells, 
including washing with chlorine-based surface sanitizers 
[20], hydrogen peroxide and sodium dodecyl sulfate 
[21], ozone [22], lactic acid [23], plant extracts with 
antimicrobial properties [18, 24], X-ray irradiation, 
chlorine dioxide,  and the synergistic effect of the 
combined treatment [25], hot air treatment 
(pasteurization) [26], ultraviolet light [27], pulsed UV light 
[28, 29], far infrared [30], atmospheric plasma treatment 
[31, 32]. 
 
Organic acids are known to have antimicrobial effects. 
Among organic acids, levulinic acid (LVA) stands out 
because it can be produced with high efficiency from 
renewable raw materials [33]. LVA is also used as a 
flavoring agent in addition to its antimicrobial effect in 
the food industry. On the other hand, sodium dodecyl 
sulfate (SDS) which has inhibitory and lethal effects 
against foodborne microorganisms is used as an all-
purpose food additive and surfactant. Both LVA and 
SDS have been generally recognized as safe (GRAS) 
by the US Food and Drug Administration (FDA) [34, 35]. 
The bactericidal and virucidal activities of the 
combination of LVA with SDS are greater than that of 
LVA or SDS alone [36, 37]. Moreover, these 
antimicrobial activities can be achieved in lower LVA 
and SDS concentrations and shorter contact time. This 
is due to the synergistic effect between LVA and SDS. 
In previous studies, it has been shown that the 
combined use of LVA and SDS solution is effective in 
inactivating various pathogenic microorganisms in 
biofilms [37, 38], food contact surfaces [39], and food 
surfaces such as lettuce, poultry skin, cantaloupe, 
strawberries [33, 40, 41]. It was reported that the use of 
LVA with SDS is effective in the inactivation of 
microorganism groups such as bacteria, viruses, molds, 
and yeast, but not in foodborne parasites such as 
Cryptosporidium [36]. 
 
Bacteriophages (phages) are bacteria-specific viruses. 
Virulent phages infect bacterial cells and multiply 
intracellularly, causing host bacterial cells to lyse. 
Therefore, phages are potential biocontrol agents 
against foodborne pathogens [42]. They attract attention 
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with their host specificity and environmentally friendly 
characteristics when compared to chemical compounds. 
In addition, the advantages of using phages as 
biocontrol agents are that they can eliminate biofilms, 
are effective even at low doses and have a relatively 
cost-effective and simple production process [43, 44]. 
 
Studies on the use of bacteriophages as biocontrol 
agents in various foods have focused on Salmonella 
serovars, Listeria monocytogenes, Escherichia coli, 
Shigella spp., Campylobacter jejuni, and 
Staphylococcus aureus pathogenic bacteria [42, 45-49]. 
FDA has approved the use in certain foods of several 
phage-based preparations designed for the control of 
foodborne bacterial pathogens such as E. coli (Secure 
Shield E1), E. coli O157:H7 (EcoShield™), L. 
monocytogenes (ListShield™, PhageGuard Listex™), 
Salmonella spp. (SalmoFresh™, PhageGuard S™, 
SalmoPro®), Shigella spp. (ShigaShield™) [46, 50]. 
 
In this study, phage or different concentrations of LVA 
plus SDS solutions were used for decontamination of S. 
Enteritidis on the surface of eggshells. It was aimed to 
evaluate the inhibition effects of phage and LVA plus 
SDS treatments against S. Enteritidis on the eggshell. 
 
MATERIALS and METHODS 
 
Bacterial Strain and Bacteriophage 
 
S. Enteritidis MET-S1-411 and SE-P47 phage specific 
for S. Enteritidis used in the present study were 
obtained from our bacterial and phage culture collection. 
S. Enteritidis MET-S1-411 was cultured in Brain Heart 
Infusion (BHI) broth (Lab M, United Kingdom) and stored 
in BHI broth containing 20% glycerol at −80°C. For the 
preparation of the SE-P47 phage, isolated and 
characterized in previous studies [51, 52], nutrient broth 
(Lab M, United Kingdom) was used and phage samples 
were stored in 30% glycerol (in total solution) at −80°C. 
 
Reproduction of Bacteriophage Sample 
 
The phage samples were prepared with some 
modifications to the method of Yildirim et al. [51]. The 
phage sample (100 µL) and fresh culture of S. Enteritidis 
(300 µL) in 10 mL of nutrient broth were incubated at 
37°C overnight at 120 rpm. Then, chloroform (50 µL/mL) 
was added to lyse the bacterial cells and the mixture 
was centrifuged at 7000×g for 15 minutes at 4°C. After 
the supernatant was filtered using a 0.45 μm pore size 
filter, the phage titer was determined by the double-layer 
agar plate method [53]. Briefly, 300 µL of host cells and 
100 µL of phage dilution were added to nutrient soft 
agar (0.7% agar) at 45-50°C, mixed, and spread on petri 
dishes containing solidified nutrient agar (1.5% agar). 
After 24-48 hours incubation at 37°C, phage titer was 
expressed as a plaque forming unit per mL (PFU/mL). 
The activity of the phage used for decontamination was 
determined as 9.9 log PFU/mL. 
 
 
 

Preparation of Levulinic Acid plus Sodium 
Dodecyl Sulfate Solutions 
 
LVA (Merck, Germany) and SDS (≥98.5%, Sigma-
Aldrich, USA) solutions were prepared with distilled 
water at concentrations of 0.5% LVA plus 0.05% SDS, 
1% LVA plus 0.05% SDS, and 2% LVA plus 0.5% SDS 
before each experiment under aseptic conditions. 
 
Determination of Antibacterial Activity of 
Treatment Solutions 
 
The antibacterial activities of 0.5% LVA plus 0.05% 
SDS, 1% LVA plus 0.05% SDS, 2% LVA plus 0.5% SDS 
solutions, SE-P47 phage, and water against S. 
Enteritidis were determined using the disc diffusion 
method [54]. For this purpose, 20 µL of bacteria 
suspension (8 log CFU/mL) was spread on the soft 
nutrient agar (0.7% agar). Sterile filter paper discs 
(Oxoid, United Kingdom) with a diameter of 6 mm were 
immersed in washing solutions (1 mL) and left for 15 
min to allow the solutions to penetrate the discs. Then, 
the paper discs were placed on the soft nutrient agar 
surface inoculated with S. Enteritidis. The diameter of 
the inhibition zones were measured after incubation at 
37oC for 24-48 hours in aerobic conditions. 
 
Preparation and Inoculation of Eggshell 
 
Fresh eggs were purchased from a local market in 
Nigde, Turkey, and stored at 4°C to be used within a 
week. All of the eggs used in the study were of medium 
size (53-62 g). In the preparation of eggshells, the 
method of Rodriguez-Romo et al. [22] was used with 
some modifications. The shell parts were obtained by 
puncturing the tip of the eggshell and emptying the 
inside of the egg. Eggshells cut in 3x3 cm2 dimensions 
were immersed in 70% ethanol solution and kept waiting 
for 5 minutes to disinfect. After the disinfection process, 
the shell pieces were washed with sterile distilled water 
and placed in sterile petri dishes and allowed to dry at 
room temperature under aseptic conditions 
(approximately 20 min). 
 
For the preparation of inoculum solution, 100 µL of stock 
culture of S. Enteritidis was added to 5 mL of BHI broth 
and incubated at 37°C for 24 h. The absorbance of the 
bacterial solution was measured in a spectrophotometer 
(Evolution 300, Thermo Scientific, Waltham, USA) at 
600 nm. When the inoculum solution had an optical 
density of approximately 0.3, the cell density was 7 to 8 
log CFU/mL. The inoculum solution was diluted with 
0.1% buffered peptone water (BPW) in the range of 4 to 
8 log CFU/mL. The inoculum (100 µL) was spread on 
the eggshell (3x3 cm2) using a pipette tip, and the 
samples were kept in the biosafety cabinet at room 
temperature for 20 min to ensure bacterial attachment 
onto the eggshell [55]. The count of the inoculated S. 
Enteritidis was determined by the spread plate method. 
A 100 µL of serial dilutions were spread on salmonella-
shigella agar (1.5% agar) and colonies were counted 
after the incubation at 37°C for 24-48 h.  
 

https://tureng.com/tr/turkce-ingilizce/levulinic%20acid
https://tureng.com/tr/turkce-ingilizce/sodium%20dodecyl%20sulfate
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Determination of S. Enteritidis Inactivation on 
Eggshell 
 
For each trial, five eggshell samples inoculated with S. 
Enteritidis were treated with LVA plus SDS solutions at 
three different concentrations, phage (9.9 log PFU/mL), 
and sterile distilled water. Briefly, the inoculated 
samples were immersed in washing solutions (20 mL) in 
sterile petri dishes. The inoculated eggshell surfaces 
were placed in direct contact with the washing solutions. 
The samples were kept in treatment solutions for 10 min 
at room temperature. Additionally, inoculated and 
untreated samples were used as positive control, and 
uninoculated and untreated samples were used as 
negative controls in each experiment. For bacterial 
count, eggshells were homogenized in a stomacher bag 
(VWR, West Chester, PA, USA) with 0.1% 10 mL BPW 
in a stomacher (IUL 707/470 Instruments, Spain) for 2 
minutes. The bag fluid was serially diluted in 0.1% BPW 
and 100 µL from each dilution was plated in duplicate on 
salmonella-shigella agar (Merck, Germany) plates. After 
incubation at 37°C for 24-48 h, the colonies were 
counted and expressed as colony-forming units per cm2 
(CFU/cm2). 
 
Statistical Analysis 
 
Samples were tested in triplicate for evaluating the 
inhibitory effect of the sanitizer washing on eggshells. 

The obtained data were analyzed using ANOVA-
General Linear Model in MINITAB 17. Tukey's method 
was used to determine the mean significant differences 
between treatments at the 95% confidence interval 
(p<0.05). 
 
RESULTS and DISCUSSION 
 
Antibacterial Activities of Treatment Solutions 
 
The antibacterial activity of SE-P47 phage (9.9 log 
PFU/mL), 0.5% LVA+ 0.05% SDS, 1% LVA+ 0.05% 
SDS, and 2% LVA+0.5% SDS solutions against S. 
Enteritidis was determined using disc diffusion method. 
In addition, it was examined whether sterile distilled 
water had an antibacterial effect when compared to the 
treatment solutions. The clear zones formed by the 
treatment solutions on the surface of the medium 
inoculated with S. Enteritidis are given in Figure 1. The 
clear zone diameters observed in 0.5% LVA+0.05% 
SDS, 1% LVA+0.05% SDS, and 2% LVA+0.5% SDS 
solutions were 6.72, 7.67, and 9.78 mm, respectively, 
and the difference between them was statistically 
significant (p<0.05) (Table 1). The clear zone formed by 
the use of SE-P47 phage was measured as 15.56 mm. 
As seen in Figure 1, a larger clear zone was obtained 
compared to other solutions and this value was 
statistically significant (p<0.05). A clear zone was not 
observed for the sterile distilled water. 

 

 
Figure 1. Clear zones observed by the agar disc diffusion method 

 
Table 1. Diameters of clear zones obtained by disc diffusion method 
Treatment solutions* Clear zone diameter (mm) 
Sterile distilled water 0.00±0.00e** 
0.5% LVA+0.05% SDS 6.72±0.23d 
1% LVA+0.05% SDS 7.67±0.28c 
2% LVA+0.5% SDS 9.78±0.21b 
Bacteriophage SE-P47 15.56±0.44a 

*LVA: levulinic acid, SDS: sodium dodecyl sulfate; **Different letters in the 
same column of treatment indicate statistically significant differences (p<0.05). 

 
Inactivation of S. Enteritidis on Eggshell 
 
Inoculum of different microbial concentrations was used 
to determine the antibacterial activity of LVA plus SDS 

solutions prepared at different concentrations and SE-
P47 phage against S. Enteritidis on the eggshell 
surface. The Salmonella count of the inoculum solutions 
was determined separately as 4.7, 6.9, 7.88, and 8.3 log 
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CFU/mL. After inoculation, the Salmonella count on the 
eggshell was determined as 2.76, 3.22, 4.48, and 5.3 
log CFU/cm2, respectively. The microbial inactivation 
results are given in Table 2. 

 
A 2-3 log difference was observed between the bacterial 
count of the S. Enteritidis inoculum solution and the 
bacterial count detected on the eggshell surface after 
inoculation. The fact that the bacterial count attached to 
the eggshell is less may be due to the physicochemical 
structure of the eggshell. The shell, the protective 
structure of the egg, contains the cuticle layer on the 
outside and the shell membrane on the inside. The 
cuticle layer is a proteinaceous layer covering the shell 
that has pores. On the other hand, the shell membranes 
consist of 3 different layers the inner membrane, the 
outer membrane, and the limiting membrane, and they 

are responsible for the bacterial defense system of the 
eggs [56]. In a study by Himathongkham et al. [57], the 
initial bacterial count of eggshells immersed in S. 
Enteritidis culture solution was approximately 7.5 log 
CFU/mL, while after 3 minutes incubation at 37°C and 
30% RH, the Salmonella count decreased by about 2 
logs. Himathongkham et al. [57] reported that a 
significant number of S. Enteritidis penetrated through 
the shell and on the shell membrane, based on the 
correlation between the bacterial count of the shell and 
the membrane. In a study investigating the penetration 
of Salmonella through the eggshell, it was reported that 
Salmonella translocated from the eggshell surface to the 
outer and inner membranes (shell membrane layers) 
[58]. Accordingly, in our study, the decrease count of S. 
Enteritidis on the eggshell after inoculation is attributed 
to bacterial penetration and displacement in/on the shell. 

 
Table 2. Inhibitory effects of water, LVA plus SDS solutions, and bacteriophage treatments on Salmonella Enteritidis 
on the eggshell surface. 
Treatments*       pH      Salmonella Enteritidis count on eggshell surface (log CFU/cm2) 
SE - 2.76±0.05a** 3.22±0.03a 4.48±0.07a 5.30±0.21a 
Water  8.65±0.10 2.76±0.05a 3.10±0.18ab 4.15±0.17a 5.19±0.24ab 
0.5% LVA+0.05% SDS  2.96±0.01 2.34±0.13b 2.82±0.07b 2.93±0.03b 5.11±0.20ab 
1% LVA+0.05% SDS  2.76±0.02 <1c <1c 2.54±0.16b 4.41±0.19b 
2% LVA+0.5% SDS  2.69±0.01 <1c <1c <1c <1c 
SE-P47  7.94±0.16 <1c <1c <1c <1c 
*SE, the sample containing only S. Enteritidis MET-S1-411, control sample; <1, undetectable level, log CFU/cm2 
<1; LVA, levulinic acid; SDS, sodium dodecyl sulfate. **Different letters in the same column of treatment indicate 
statistically significant differences (p<0.05). 

 
There was no reduction in the S. Enteritidis population 
on eggshells treated with sterile distilled water. This 
result supports that water does not form a clear zone in 
the agar disc diffusion method (Table 1). S. Enteritidis 
was inactivated ranged from 0.19 to 1.55 log CFU/cm2 
by treatment with 0.5% LVA+0.05% SDS solution. The 
difference between surviving Salmonella cells after the 
treatment of eggshells with 0.5% LVA+0.05% SDS and 
control samples is statistically significant, except 
inoculum level of 5.30 log CFU/cm2 (p<0.05). However, 
there was no significant difference between water and 
0.5% LVA+0.05% SDS treatments at inoculum levels of 
3.22 and 5.30 log CFU/cm2 (p>0.05). After treatment 
with 1% LVA+0.05% SDS solution, S. Enteritidis cell 
counts were undetectable at 2.76 and 3.22 log CFU/cm2 
inoculum levels. The S. Enteritidis population decreased 
by 1.94 and 0.89 log CFU/cm2 at inoculum levels of 4.48 
and 5.30 log CFU/cm2, respectively (p<0.05). The 
highest log reductions in S. Enteritidis inactivation were 
achieved with 2% LVA+0.5% SDS and phage 
treatments at all inoculum levels, and viable cell counts 
were undetectable. The log reductions obtained in the 
2% LVA+0.5% SDS and phage treatments were 
statistically significant compared to the control sample, 
water, 0.5% LVA+0.05% SDS, and 1% LVA+0.05% 
SDS treatments (p<0.05). It was observed that the 
decontamination results were consistent with the results 
obtained by the agar disc diffusion method (Table 1).  
 
One of the microbiological criteria valid in many parts of 
the world for eggs defined as eggs in shell and egg 
products is the absence of Salmonella spp. in 25 g-mL 
[59, 60]. Also, according to the microbiological criteria of 

the Turkish Food Codex regulation, Enterobacteriaceae 
count should be less than 102 CFU/g-mL and Salmonella 
spp. should not be present in egg products (pasteurized 
and frozen eggs, egg powder, etc.) [61]. Since 
contamination of egg content with Salmonella can occur 
through transfer from the shell (horizontal 
contamination) [15], the microbiological safety of egg 
content and products is closely related to eggshells [62]. 
In our study, S. Enteritidis could not be detected in 
eggshells, especially after treatment with 2% LVA + 
0.5% SDS or SE-P47 phage. 
 
Levulinic acid causes the disruption of 
lipopolysaccharide in the outer membrane of Gram-
negative bacteria. Depending on the increase in cell 
permeability, the absorption of both acid and SDS 
molecules into cells increases [36]. On the other hand, 
SDS can facilitate the contact of levulinic acid with 
bacterial cells by reducing the surface tension. It was 
reported that the effect of SDS to denature surface 
proteins and damage the cell membrane is higher 
between pH 1.5 and 3.0 [33, 36]. The average pH value 
of 0.05% SDS solution is 6.2. Therefore, the 
antimicrobial activity of SDS increases when used in 
combination with LVA. In this study, the pH values of 
LVA plus SDS solutions prepared at different 
concentrations decreased with increasing LVA 
concentration (Table 2). The reason for the lower log 
reductions in 0.5% LVA+0.05% SDS treatment 
compared to other LVA+SDS treatments can be 
attributed to the decrease in acid concentration, that is, 
the partial increase in pH value. 
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In a previous study, average log reductions in counts of 
influenza A H3N2 virus on eggshells individually treated 
with 0.5% LVA+0.5% SDS, 2% LVA+1% SDS, and 5% 
LVA+2 % SDS solutions for 1 minute at 21°C were 1.73, 
1.90, and 2.33 log PFU/mL reductions, respectively [55]. 
The log reduction obtained in 0.5% LVA treatment was 
similar to our study. However, lower antimicrobial 
activity was observed in 2% LVA treatment compared to 
our study. This may be due to the diversity of the target 
microorganism and the short treatment time. Zhao et al. 
[33] reported that 0.5% LVA+0.05% SDS treatment (1 
min) showed 4.4 and 4.5 log CFU/cm2 reduction for S. 
Typhimurium and E. coli O157:H7 on the lettuce 
surface, respectively and 2.9 log CFU/cm2 reduction for 
S. Enteritidis on chicken skin. After 5 minutes of 
treatment, approximately 7 log CFU/cm2 reduction was 
obtained for the three pathogenic bacteria tested in both 
food samples. Maktabi et al. [21] investigated the 
inactivation of S. typhimurium on eggshell by immersion 
(5 min) in 1.5% SDS, 0.5% H2O2, and 1.0% citric acid 
solutions. After treatment with SDS, H2O2, and citric 
acid, the count of S. Typhimurium on eggshells 
decreased by 2.0, 2.1, and 0.4 log CFU/mL, 
respectively, compared to the control sample. They also 
reported that the antibacterial effect increased when 
citric acid or H2O2 combined with SDS. 
 
Many studies have shown that the use of phages is 
effective in reducing the number of pathogenic bacteria 
in various food samples. However, there has been an 
increasing trend toward the use of phage and phage 
cocktails in eggs in recent years. To the best of our 
knowledge, there are limited studies that have applied 
phage to whole eggs or eggshells. Spricigo et al. [47] 
obtained 0.9 log CFU/cm2 reduction for S. Enteritidis 
and S. Typhimurium in fresh eggs by spraying with the 
phage cocktail (1011 PFU/mL). In another study, 
approximately 3 log CFU/mL reduction was obtained in 
S. Typhimurium after 6 hours of phage cocktail (1010 
PFU/mL) application on the eggshell while no viable 
cells could be detected in the samples after 24 hours of 
application [63]. In the same study, 1.7 log CFU/mL 
reduction was obtained after 72 hours of treatment of 
liquid egg with phage, and a lower antibacterial activity 
was observed compared to the eggshell sample. The 
difference in structure and composition between the 
eggshell and the liquid egg and the distribution of the 
microorganism on/in the sample can be effective on the 
results. 
 
Controlling the colonization of pathogenic 
microorganisms in animals is one of the ways to prevent 
contamination of egg contents [15]. In the study of 
Henriques et al. [64], a phage cocktail (2×106 PFU/mL) 
was applied by aerosol spray on fertile eggs with S. 
Enteritidis to reduce horizontal contamination by 
Salmonella. Analysis of hatched chicks showed that the 
number of diseased chicks (arthritis and pasting) 
decreased. Furthermore, S. Enteritidis recovered from 
the chick ceca decreased after phage application to 
fertile eggs, while no significant reduction was observed 
for S. Enteritidis recovered from internal organs (pooled 
heart, liver, and spleen). This was attributed to the 
presence of high doses of bacteria by researchers. 

Therefore, the potential to use phages (phage therapy) 
to prevent pathogen colonization in poultry is thought to 
be quite high [64-66]. 
 
CONCLUSION 
 
In this study, the effectiveness of LVA plus SDS and SE-
P47 phage treatments was tested in the biocontrol of S. 
Enteritidis on eggshell. At all inoculum levels, the 
highest bactericidal effect was obtained with 2% 
LVA+0.5% SDS and phage treatments. Treatment of 1% 
LVA+0.05% SDS was very effective in preventing the 
growth of S. Enteritidis on the eggshells at lower 
inoculum levels. By reducing the microbial count on the 
eggshell, it is expected that the probability of horizontal 
contamination will also decrease. In other words, the 
egg content will be protected against contamination. 
Moreover, it will reduce the risk of cross-contamination 
of other foods in case of contact with whole eggs. In 
conclusion, it was demonstrated that levulinic acid plus 
SDS and SE-P47 phage can be effectively used 
decontamination of eggshell against the foodborne 
pathogen S. Enteritidis. In future studies, it will be very 
useful to investigate the effect of these treatments on 
the quality characteristics of eggs and eggshells.  
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