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INTRODUCTION

Due to the high consumption of  eggs in recent years, 
producers have been obliged to guarantee adequate quality 
of  their products. The quality of  eggs is determined by a set 
of  traits, such as their size, weight, shape (Haugh unit > 75), 
appearance (clean and undamaged shell), nutritional value, 
safety (absence of  pathogenic microorganisms, toxins and 
heavy metals). Other important factors are the health of  
egg-laying hens and the conditions of  egg acquisition, 
storage and distribution.

The environmental conditions of  a henhouse significantly 
determine the microbiological state of  eggs. Inappropriate 
storage and distribution conditions may accelerate the 
development of  microflora. During storage the microflora 
on the eggshell surface may penetrate through pores into 
the egg content (Baron, 2007; Szablewski et al., 2010b). 

The presence of  microorganisms results in changes 
in the colour of  the egg white or yolk (Pseudomonas, 
Aeromonas, Enterobacter), changes in the eggshell membrane 
(Flavobacterium and Serratia), as well as egg white and yolk 
proteolysis (Proteus) (Corry, 2007).

In the USA, Australia and Japan it is common to wash 
eggs before they are offered for sale in order to reduce 
microorganisms on the eggshell surface (Hutchison et al., 
2003). At the stage of  acquisition eggs are dirty because of  
the contact with the substrate and feed. Eggshells can be 
washed. Other treatments may also reduce microorganisms 
on the eggshell surface and in consequence, the process 
of  egg spoilage can be delayed. These treatments 
include ionising radiation (Farkas, 1998), UV radiation 
(Coufal et al., 2003; Rodriguez-Romo and Yousef, 2005; 
Szablewski et al., 2010a), ozonation (Davies and Breslin, 
2003; Rodriguez-Romo and Yousef, 2005) and ultrasound 

The aim of the study was to assess the condition of eggshells hygienised with an silver stabilized hydrogen peroxide of different 
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deformation of eggshells was measured and analysed in order to determine the influence of a preparation concentrated at 0.01-3% on the 
eggshell strength. The research proved that a preparation concentrated at 1-3% significantly reduced the eggshell strength. At the next 
stage of the research, having excluded the high concentrations with a negative effect on eggshell strength, i.e. 1-3%, the experiment 
was conducted again. It was followed by a microbiological analysis in which the total count of aerobic bacteria, yeasts, moulds ad also 
bacteria from the Pseudomonas genus and Enterobacteriaceae family were measured. The investigations confirmed that the preparation 
concentrated at 0.01-0.9% did not have a significant influence on eggshell strength. Hygienisation in solutions concentrated at 0.01-
0.9% caused complete inactivation of bacteria of the Enterobacteriaceae family, yeasts and moulds. Immediately after treatment with 
the preparation concentrated at 0.3% the count of aerobic bacteria and the bacteria of the Pseudomonas genus decreased by 1.9 log 
CFU/g and 0.7 log CFU/g, respectively. The hygienisation of eggs with the preparation concentrated at 0.9% and storing them for four 
weeks under controlled conditions reduced the count of aerobic bacteria by 1.9 log and the count of Pseudomonas bacteria by 1.7 log, 
as compared with the reference sample.

Keywords: Silver ions; Hydrogen peroxide; Eggs; Eggshell strength; Microbiological quality

A B S T R A C T

Emirates Journal of Food and Agriculture. 2018. 30(2): 131-136
doi: 10.9755/ejfa.2018.v30.i2.1605
http://www.ejfa.me/

R E G U L A R  A R T I C L E



Tomczyk, et al.

132 	 Emir. J. Food Agric  ●  Vol 30  ●  Issue 2  ●  2018

treatment (Cabeza, 2005). It is important to consider the 
influence of  selected hygienising treatments on eggshell 
strength. Appropriate eggshell quality guarantees the 
mechanical safety of  eggs, which may be damaged during 
storage and distribution.

Hydrogen peroxide can be successfully applied to hygienise 
the egg surface. The method of  H2O2 antimicrobial activity 
is based on protein oxidation. Simultaneous application 
of  an H2O2 solution and silver ions may improve the 
effectiveness of  hygienisation by reducing the time of  
exposure to the preparation on the egg surface (Jung et al., 
2008). Therefore, the aim of  the study was to determine 
the influence of  different concentrations of  silver 
stabilized hydrogen peroxide on the eggshell strength and 
microbiological quality.

MATERIAL AND METHODS

The research material was 490 eggs from Hy-Line 
White hens kept in cages. The eggs were acquired in the 
32nd week of  the laying phase. A preparation containing 
hydrogen peroxide (50%) with silver ions (0.5%) at 
different concentrations was used for the analysis. The 
hygienisation procedure consisted in immersing an egg 
for 5  minutes in water solutions of  the preparation 
concentrated at 0.01-3% at a temperature of  10°C. 
Analyses were made on the egg laying day and after four 
weeks of  storage. The eggs were dried at a temperature 
of  15°C and transferred to sterile boxes. Then they were 
stored at a controlled temperature (6±2oC) and humidity 
(65%), which were applied by means of  chilling chamber 
(Binder KBF 115, Poland). The eggshell strength was 
assessed by measuring its elastic deformation under 
pressures of  0.05 kg, 1.00 kg and 1.50 kg, which were 
applied by means of  a manual apparatus (N.V. Marius, 
Poland). In the next stage of  the study, having excluded 
high concentrations, i.e.  0.9-3%, the experiment 
was repeated. The investigations were extended by 
microbiological analysis, which involved measurements 
of  the total count of  aerobic bacteria, bacteria of  the 
Pseudomonas genus and Enterobacteriaceae family, yeasts 
and moulds by means of  the pour-plate method. The 
microbiological analyses were carried by International 
Organization for Standardization (ISO) reference 
methods (according to the Polish Standard of  PN-ISO). 
Analyses of  eggshell strength and microbiological analysis 
were conducted on the egg-laying day and on the 7th, 14th, 
21st and 28th day of  storage. For microbiological analysis 
of  eggshells, the surface of  the 3 eggs was considered 
a sample. Each group of  3 eggs was kept in in contact 
witch 90 ml of  buffered peptone water for 10 min. The 
broth was transferred to a dilution serie. The solution 

was spread on Nutrient Agar, Agar with Cetrimide, 
Fucidin and Cephaloridine (BTL, Lodz, Poland), Agar 
with Crystal Violet, Neutral Red, Bile and Glucose (BTL, 
Lodz, Poland) and Agar with Dichloran, Rose Bengal 
and Chloramphenicol (BTL, Lodz, Poland). Duplicates 
were made for all plates. The plates were incubated for 
24-48 hours at 30 °C, except for the agar with crystal 
violet, neutral red, bile and glucose which was incubated at 
42 °C. The swabs were spread on the same kind of  plates 
as the eggs. The eggshell strength and microbiological 
analysis were analyzed using means of  a linear function of  
the regression including the interaction of  concentrations 
(0–3 %), eggshell strength (0.05 kg, 1.00 kg and 1.50 kg) 
and microbiological analysis (count of  aerobic bacteria, 
bacteria of  the Pseudomonas genus, Enterobacteriaceae family, 
yeasts and moulds). All analyses were undertaken using 
the Statistica 12.5 statistical package.

RESULTS AND DISCUSSION

Analysis of  eggshell strength conducted immediately after 
treatment with the preparation at low concentrations, 
i.e. 0.01-3%, did not reveal any significant influence (Fig. 1). 
After four weeks of  storage, the eggshell strength was 
reduced in the samples hygienised with the preparation at 
higher concentrations, i.e. 1-3% (Fig. 2). The changes in 
elastic deformation may have been caused by the reaction 
of  the silver stabilized hydrogen peroxide with the outer 
layer of  the shell, which is composed almost only of  pure 
calcium carbonate.

The eggshell strength tests were repeated with the 
preparation at lower concentrations, i.e. 0.01-0.9%. They 
confirmed that the concentrations of  silver stabilized 
hydrogen peroxide applied did not have a statistically 
significant influence on the control samples immediately 
after treatment or after 4 weeks of  storage (Fig.  3). As 
eggs undergo numerous treatments during acquisition, 
storage and distribution, it is necessary for the eggshell to 
be strong and elastic. Studies revealed that the choice of  
an appropriate breeding system of  egg-laying hens and the 
method of  egg sorting and packaging were critical elements 
for guaranteeing undamaged shells (Mertens et al., 2006). 
Batkowska and Brodacki (2014) observed in their study, 
the eggshell was more resistant to damage when eggs 
were washed by immersion in water at a temperature of  
10-21°C. Their research revealed that the faster diffusion of  
steam from the egg content made the eggshell more elastic. 
On the other hand, treatment with sodium hypochlorite 
containing free chlorine had a negative influence on the 
outer eggshell structure. At the same time, the research 
revealed that chemicals may have penetrated into the egg 
content (Favier et al., 2000).
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The results of  the microbiological analysis of  the eggshell 
surface conducted immediately after treatment with 
the preparation at different concentrations showed that 
bacteria of  the Enterobacteriaceae family, yeasts and moulds 
were sensitive to it. Egg hygienisation in hydrogen peroxide 

and silver ions concentrated at 0.1-0.9% caused complete 
inactivation of  the microorganisms. As a result, they did 
not proliferate during the four weeks of  storage. The 
study by Padron (1995) gave similar results regarding the 
influence of  H2O2 on bacteria from the Enterobacteriaceae 

Fig 1. The mean values of elastic deformation of eggshells hygienised with the silver stabilized hydrogen peroxide, n=61.

Fig 2. The mean values of elastic deformation of eggshells hygienised with the silver stabilized hydrogen peroxide after 4 weeks of storage, n=61.
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family, but the bacterial count was reduced by treatment 
with hydrogen peroxide at a higher concentration (6%). 
The effectiveness of  much lower concentrations of  the 
preparation in reducing the bacteria was probably caused 
by silver ions. Studies showed that silver in the form of  
ions or nanoparticles had a strong antimicrobial effect 
(Choi et al., 2008; Rai et al., 2008).

The increase in the concentration of  the preparation to 
0.03% also caused statistically significant changes in the 
count of  aerobic bacteria and bacteria of  the Pseudomonas 
genus immediately after treatment. When silver stabilized 
hydrogen peroxide concentrated at 0.3% was applied, the 
count of  aerobic bacteria and bacteria of  the Pseudomonas 
genus decreased by 1.9 and 0.7 log CFU/g, respectively 
(Fig 4). Tukey’s test proved that a further increase in the 

concentration of  the preparation to 0.4, 0.5, 0.6, 0.7, 
0.8 and 0.9% resulted in an insignificant reduction in 
the count of  microorganisms in comparison with eggs 
hygienised in a 0.3% silver stabilized hydrogen peroxide. 
In the study by Sheldon et al. (1991), the bacterial count 
on the shell of  hatching eggs was reduced by 5 log CFU/g 
when a 5% hydrogen peroxide solution without silver 
ions was applied.

The influence of  the concentration of  the preparation and 
the storage time was assessed by means of  a linear function 
of  the regression analysis. The highest concentration of  the 
preparation, i.e. 0.9%, reduced the count of  aerobic bacteria 
and bacteria of  the Pseudomonas genus in eggs stored for 
four weeks under controlled conditions by 1.8 and 1.7 log 
CFU/g, respectively (Fig 5).

Fig 3. The mean values of elastic deformation of eggshells hygienised with the silver stabilized hydrogen peroxide at different storage periods, 
n=122.
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Many studies showed that the effectiveness of  
treatments applied to eggs also depended on the storage 
temperature. The storage temperature of  washed eggs 
affected the egg quality to a greater extent than the 
storage time (Yu-Chi et  al., 2016). Washing reduces 
the temperature inside the egg at a faster rate. This 
affects the microbiological quality and physiochemical 
traits of  eggs (Caudill et al., 2010). The method of  egg 
hygienisation with silver stabilized hydrogen peroxide 
at a temperature of  8oC significantly reduced the count 

of  microorganisms on the eggshell surface and cooled 
the egg content quickly.

CONCLUSIONS

The egg hygienisation treatment with the silver stabilized 
hydrogen peroxide did not worsen the eggshell strength 
under the experimental conditions (immersion in solutions 
concentrated up to 0.9% for 5  minutes). The best 
hygienising effect was observed when the solution of  the 

Fig 4. The influence of silver stabilized hydrogen peroxide concentration on the count of bacteria of the Pseudomonas genus and aerobic 
bacteria, n=61.

Fig 5. The influence of the concentration of silver stabilized hydrogen peroxide and the storage time on the count of aerobic bacteria and bacteria 
of the Pseudomonas genus, n=245.
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silver stabilized hydrogen peroxide was concentrated at 
0.3%. It resulted in a significant reduction of  the count of  
selected microorganisms on the eggshell. The hygienising 
effect was observed both immediately after the treatment 
and during storage for four weeks. The research findings 
show that treatment with a silver stabilized hydrogen 
peroxide under the experimental conditions is a safe 
procedure because eggshells retain the required mechanical 
properties and their microbiological cleanness is improved.
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