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In recent years, food safety has become a more dis-
cussed topic and greater emphasis is being put on its 
improvement, modernization and strengthening (Elmi, 
2004). Food safety is a tool that prevents the spreading of 
health dangerous food to consumers causing foodborne 
illnesses. One of the main components of food safety are 
storage conditions (FAO, 2003). Moreover, refrigeration 
during both transport and storage, is an essential fac-
tor specifically for food safety of eggs, respectively of 
egg products. Special care and handling is necessary to 
avoid unfavourable contamination (Zaheer, 2015). Eggs 
belong to worldwide spread food, which is valued espe-
cially for good nutritional value. Hens’ eggs represent a 
great source of high quality proteins, essential fatty acids 
(Iannotti et al., 2014), fat-soluble vitamins (A, D, E, and 
K), water-soluble vitamins (B) and minerals, such as cal-

cium, iron, magnesium, phosphorus, selenium, sodium 
and zinc (Zaheer, 2015). 

In general, several numbers of internal and external 
factors may affect different aspects of egg quality (Rob-
erts, 2004). Kraus et al. (2019) consider age, genotype 
and nutrition as the most influential factors. Englmai-
erová et al. (2014) describe the level of microbiological 
contamination as an important factor, which influences 
overall egg quality. Storage conditions including method, 
time and temperature, play a considerable role as well 
(Svobodová and Tůmová, 2014; Brodacki et al., 2019). A 
number of authors, such as Jones et al. (2004), Vlčková 
et al. (2018) and Krunt et al. (2021) studied the effect 
of storage conditions on microbiological contamination. 
Jones et al. (2004) determined the effect of genotype and 
storage time, Vlčková et al. (2018) the effect of storage 
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Abstract
The aim of this study was to evaluate and compare the impact of genotype and storage conditions (temperature and time) on microbio-
logical contamination and eggshell quality. There were four genotypes of laying hens used, Czech Golden Spotted (CGS), Greenleg Par-
tridge (GP), White Leghorn (WL) and commercial hybrid (CH) hens were included. After collection, the eggs were divided equally into 
five groups according to the storage time (0, 14, 28 days) and temperature (5 and 20°C). The microbiological analysis included counting 
of colonies forming units (CFU) of Escherichia coli (EC), Enterococcus (ENT) and total number of microorganisms (TNM) on eggshell 
surface, eggshell membranes and in thin albumen. The analysis of eggshell quality included the determination of eggshell proportion 
(SP), thickness (ST), strength (SST), index (SI) and surface (SS). Moreover, egg weight (EW) and egg weight loss (EWL) were determined. 
The significant effect of genotype was found in contamination of eggshell by EC, ENT and TNM, eggshell membranes by TNM and 
albumen by EC (all P≤0.05). The significantly lowest contamination of eggshell from EC was in eggs from the WL hens (4.42 log CFU/
eggshell), while from ENT was in eggs from the CGS hens (1.22 log CFU/eggshell) and from the WL hens (1.40 log CFU/eggshell). The 
lowest incidence of TNM was also detected in eggs from the WL hens (5.03 log CFU/eggshell). Statistically the lowest contamination of 
eggshell membranes by TNM was found in eggs from the WL (0.12 log CFU/eggshell membranes) and CH hens (0.15 log CFU/eggshell 
membranes). Regarding the effect of genotype, the GP (not detected) and WL (not detected) hens had eggs with statistically the lowest 
occurrence of EC bacteria in albumen. Regarding the EW and eggshell quality, all the parameters were significantly affected by the geno-
type (P≤0.0001). Also EWL was significantly (P≤0.05) affected by genotype (after 14, 21 and 28 days of storage). There were found to be 
significant differences of microbial contamination of egg surface among observed hen genotypes. The penetration of selected microorgan-
isms was also significant in contamination of eggshell membranes by TNM and in contamination of albumen by EC. 
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time, housing system and age of hens and Krunt et al. 
(2021) the effect of storage time, storage temperature and 
genotype. As mentioned above, some environmental fac-
tors have an impact on the contamination of eggs, so the 
avians have throughout the years adapted and developed 
several mechanisms, such as behavioural, chemical and 
physiological, to fight with the infection. However, the 
microbial contamination of eggs begins with the contact 
of an egg with the floor surface, nevertheless certain bac-
teria, such as Enterococcus spp., occur in the digestive 
tract (D’Alba and Shawkey, 2015).

Microbiological contamination represents an “invis-
ible” threat to egg quality (Rodríguez-Navarro et al., 
2013). As an indicator of egg safety, Enterobacteriace-
ae and total bacteria populations are commonly used 
(Moyle et al., 2016). These gram-negative bacteria are 
mostly detected inside of contaminated eggs, because 
of their higher resistance to antimicrobial proteins, such 
as lysozyme (D’Alba and Shawkey, 2015).  Bacteria are 
able to penetrate from the egg surface, through the egg-
shell membranes into the internal egg content. Due to this 
fact, it is essential to focus on bacterial count not only 
on the egg surface, but also in the internal parts of eggs 
(Moyle et al., 2016). The count of bacteria on the egg 
surface define the probability of penetration through the 
eggshell into the internal content (D’Alba and Shawkey, 
2015). The eggshell quality is important not only because 
it protects the egg content (Vlčková et al., 2018), but also 
in terms of the relationship with a microbiological con-
tamination of egg internal parts (Zaheer, 2015). Further-
more, the eggshell quality is also important for producers 
from the economic point of view. The mechanical dam-
age (cracks) and uncommon changes (especially in egg 
shape) are unfavourable (Hernandez et al., 2005). 

Nowadays, there is still greater emphasis put on high 
production, especially in developed countries (Hanusová 
et al., 2017), while at the same time on the choice of  
a suitable housing system regarding better welfare and 
health condition of animals (Dikmen et al., 2016). For 
housing of native breeds, alternative housing systems are 
more suitable in comparison with cage systems (Zita et 
al., 2018; Kraus et al., 2021). Intensive breeding causes 
the loss of many valuable genes, so it is essential to keep 
the breeding of native breeds (Hanusová et al., 2017). 
Czech Golden Spotted (Anderle et al., 2014) and Green-
leg Partridge hens (Krawczyk, 2009) are native breeds of 
the Czech Republic and Poland respectively, while White 
Leghorn hens belong among the most important original 
breeds (FAO, 2007). 

The aim of this study was to evaluate and compare 
the impact of genotype and storage conditions, specifi-
cally temperature and time, on microbiological contami-
nation and eggshell quality. 

Material and methods

The Ethics Committee of the Central Commission 
for Animal Welfare at the Ministry of Agriculture of the 

Czech Republic and the Ethics Committee of the Czech 
University of Life Sciences Prague approved this study 
with animals (approval document no. 07/2020). 

Animals and management
There were four genotypes of laying hens used, three 

native breeds and commercial hybrid. Specifically, Czech 
Golden Spotted (CGS), Greenleg Partridge (GP), White 
Leghorn (WL) and commercial hybrid (CH) hens were 
included. The Hy-Line brown egg-laying hybrid was 
used as a representative of the group labelled as com-
mercial hybrid. 

CGS hens belong to gene reserves of the Czech Re-
public (Anderle et al., 2014). The main exterior charac-
teristics include typical lightweight type (body weight of 
adult hens can reach up to 2.0 kg), medium body frame, 
cylindrical body shape, leaf type of comb, red ears, rich 
tail, medium high stance, white skin and slate colored 
shanks (Zita et al., 2018). The CGS hens lay eggs with  
a creamy coloured eggshell and average egg weight rang-
es from 57 to 58 g (Anderle et al., 2014). Zita et al. (2018) 
state that average egg weight is lower, specifically from 
51.56 to 53.33 g depending on the housing system. They 
also calculated hen-day egg production, which reached 
24.49% in cage housed hens and 30.85% in litter housed 
hens. These findings can be supported by results from 
Kraus et al. (2021), who concluded that CGS hens are 
more suitable for breeding in non-cage housing systems. 
GP is the oldest native Polish breed of hens. This breed 
is characterised by its lower body weight (1.7–1.8 kg), 
green legs, and grey, partridge-like plumage. GP hens lay 
eggs with a creamy coloured eggshell and with high yolk 
proportion (Batkowska and Brodacki, 2017). According 
to Krawczyk (2009), average egg weight of eggs from 
GP hens varies between 54.1 and 57.3 g depending on the 
housing system. Average hen-day egg production of this 
breed reaches from 56.5% to 60.7% (Krawczyk et al., 
2011). WL hens represent a breed, which lays eggs with 
a white eggshell (Hanusová et al., 2015) and with egg 
weight between 54.27 and 62.92 g. Hen-day egg produc-
tion may vary from 70 to 89% (Pohle and Cheng, 2009). 
According to Jones et al. (2001), hen-day egg produc-
tion of WL hens is lower, specifically between 56.88 and 
73.38%. Another characteristic of this breed is its body 
constitution, body weight typically reaches values from 
1.42 to 1.71 kg. All these parameters depend on many 
factors, mainly on hen age or housing system (Pohle 
and Cheng, 2009). CH hens were represented by Hy-
Line brown hens in this study. These hens lay eggs with  
a brown eggshell colour with egg weight between 57.3 
and 66.7 g. Hen-day egg production can reach up to 95–
96% at peak. Body weight ranges from 1.85 to 2.04 kg in 
adult hens (Hy-Line, 2021). 

The number of hens kept for the purpose of this study 
was adjusted to match the number of CGS hens, because 
there is a very limited amount of officially recognized 
hens of this breed. Therefore, 50 hens of each genotype 
were used. The hens of each genotype were divided into 
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half and kept separately because of the replication of the 
results.  Hens were kept in an external experimental cen-
tre in the Department of Animal Science of the Faculty of 
Agrobiology, Food and Natural Resources (Czech Univer-
sity of Life Sciences Prague). All hens were housed on lit-
ter under the same housing conditions including the micro-
climate conditions, lighting regime, composition of feed 
mixture and access to feed and water. The requirements on 
floor area in litter housing systems (maximum density of 9 
hens per m2), which are set by the European Commission 
Directive 1999/74/EC, were met. The temperature in the 
halls was kept between 18 and 20°C and humidity between 
50 and 60%. In terms of the lighting regime, natural condi-
tions were used. Feed mixture contained 16.4% of crude 
protein and 11.42 MJ of metabolizable energy. The access 
to both feed and water was ad libitum.

Samples 
A total of 200 eggs (50 from each genotype) were 

used for a microbiological analysis, while 800 eggs (200 
from each genotype) were used for the eggshell quality 
analysis. The hens were 44 weeks old when the collec-
tion of eggs was carried out. The eggs were collected 
using sterile plastic gloves and then placed into sterile 
plastic boxes to avoid any undesirable contamination. All 
eggs fell into the weight category M, which ranges from 
53 to 63 g. The collection was carried out for the dura-
tion of the whole week to achieve the required number 
of eggs for the analysis. After the collection, eggs were 
equally divided into five groups. The first group was ana-
lysed immediately as a control group marked as a day 
0 group (fresh eggs). The second and third groups were 
both stored for 14 days, the second at a temperature of 
5°C and the third at a temperature of 20°C. The last two 
groups were stored for 28 days, which is the official min-
imal shelf life of eggs. The last two groups were also di-
vided according to the temperature, as the previous ones.

The eggs were analysed immediately after the col-
lection (day 0 group) or were immediately put into the 
specific storage conditions for a specific group. The eggs 
were stored in the fridge (with air access), where the tem-
perature was kept at 5°C and relative humidity at 50–60% 
and in a room with a thermostat, where the temperature 
was kept at 20°C and relative humidity at 50–60% re-
spectively. Digital thermometers Emos E8860 were used 
for the monitoring of the required conditions. The temper-
ature and relative humidity were controlled and record-
ed twice a day. All laboratory analyses were carried out  
in the laboratory of the Department of Animal Science of 
the Faculty of Agrobiology, Food and Natural Resources 
of the Czech University of Life Sciences Prague.

Microbiological analysis
The microbiological analysis was made accord-

ing to Krunt et al. (2021) and included the counting of 
colonies forming units (CFU) of Escherichia coli (EC), 
Enterococcus (ENT) and a total number of microorgan-
isms (TNM). The determination of microbiological con-

tamination was made from the eggshell surface, eggshell 
membranes and thin albumen. The analysis of microbial 
contamination consisted of a number of steps. For the de-
termination of eggshell contamination, eggs were placed 
into sterile plastic bags (each egg was placed into a sepa-
rate bag) with a 10 ml solution of saline peptone (9 g of 
sodium chloride, 1 g of peptone, and 1000 ml of distilled 
water; Sigma-Aldrich, Saint Louis, USA). All eggs were 
thoroughly rinsed for 120 seconds in the plastic bags. Af-
ter this procedure, the eggs were removed from the plas-
tic bags and then a dilution series for each egg was made 
by adding 1 ml of the solution (100, 10–1, 10–2, 10–3, 10–4 
and 10–5). The dilution 100 was prepared directly from 
the plastic bag. The determination of the microbiological 
contamination of the eggshell membranes and albumen 
was subjected to the same procedure as the determina-
tion of the eggshell contamination. Prior to the eggshell 
membranes and albumen samples preparation, the egg-
shell surface was disinfected by rinsing in ethanol so the 
subsequent removal of the eggshell membranes, respec-
tively of the albumen was sterile. The dilution series was 
prepared the same way as in the determination of egg-
shell contamination. However, the difference was in the 
dilution 100 that contained directly eggshell membrane, 
respectively albumen. When the dilution series was pre-
pared, 1 ml of the solution from each dilution for EC and 
ENT and 0.1 ml for TNM, was put into a Petri dish with 
a specific agar (or the agar was added after the sample 
application in the case of TNM). Each sample was ana-
lysed in duplicate. Regarding the agar methods, standard 
methods were used. The Mac-Conkey agar was used for 
the count of EC, Slanetz Bartley agar was used for the 
count of ENT and the Standard Plate Count agar was 
used for the count of TNM (all OxoidTM, Thermo Scien-
tific, Tewksburg, USA). The samples for the determina-
tion of EC (Mac-Conkey agar) and ENT (Slanetz Bartley 
agar) were incubated at 37°C for 48 h in an incubator. 
The samples for the determination of TNM (Standard 
Plate Count Agar) were incubated at 30°C for 120 h in an 
incubator (Memmert INE 500). After the incubation, the 
count of typical CFU was made for each Petri dish. The 
final contamination of individual parts was calculated by 
the standard plate count method formula.

Eggshell quality analysis
The analysis of eggshell quality included the deter-

mination of eggshell proportion (SP), thickness (ST), 
strength (SST), index (SI) and surface (SS). Even though 
egg weight (EW) does not belong to the eggshell param-
eters, it was determined. Furthermore, egg weight loss 
(EWL) was determined as well. 

The EW and the eggshell weight (SW), which is re-
quired for the calculation of ESP, were measured by labo-
ratory scale Ohaus (Model: Traveler TA502, Parsippany, 
NJ 07054, USA) with 0.01 g precision. The ST was de-
termined by a digital micrometer (Digimatic Outside Mi-
crometer, Mitutoyo Corporation, Japan) with 0.001 mm 
precision. The ST was measured without eggshell mem-
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branes at the center of the eggshell, the measurements 
of each eggshell were made in duplicate. The SST was 
assessed by an Instron device (Instron Universal Testing 
Machine; model 3342; Instron Ltd., US), which calcu-
lates the necessary force (in N/cm2) for eggshell break-
age. Furthermore, SS was calculated by the formula SS 
= 4.68 × EW2/3 [cm2], where EW is the egg weight in g 
(Ahmed et al., 2005). For the determination of SI, the 
formula SI = (SW/SS) × 100 [g/100 cm2], where SW is 
eggshell weight in g and SS is eggshell surface in cm2 
(Ahmed et al., 2005).

Statistical analysis
The data were analysed by statistical software SAS 

9.4 (SAS Institute Inc., Cary, NC, 2012). The data were 
tested for normality with univariate plot normal proce-
dure of SAS and subsequently subjected to a three-way 
ANOVA in a 4 (genotype: CGS, GP, CH, WL hens) × 3 
(storage time: 0, 14, 28 days) × 3 (storage temperature: 

fresh, 5°C, 20°C) factorial arrangement of treatments us-
ing the Tukey test by the PROC MIX procedure of SAS. 
The value of P≤0.05 was considered statistically signifi-
cant. The results in the tables show the average values 
of each treatment and the standard error of the mean  
(SEM).

Results

The results of this study are presented in following 
tables. The microbiological contamination of the egg-
shell surface is described in Table 1, while the micro-
biological contamination of eggshell membranes in Ta-
ble 2. The microbiological contamination of albumen is 
presented in Table 3. EW and eggshell quality parameters 
are shown in Table 4. EWL data are shown in Table 5. All 
statistically significant interactions are discussed in detail 
in the text, but not all of them are described in the tables.

Table 1. Effect of genotype, storage time and temperature on microbial contamination of the eggshell (CFU/eggshell)

G STI (days) STE (°C) EC ENT TNM

1 2 3 4 5 6

CGS 5.31 a 1.22 b 5.77 a

GP 5.11 a 1.86 ab 5.24 ab

CH 5.21 a 2.28 a 5.81 a

WL 4.42 b 1.40 b 5.03 b

0 5.59 2.10 a 6.02

14 4.74 1.92 a 5.46

28 4.93 1.16 b 5.10

fresh 5.59 2.10 a 6.02 a

5 4.89 1.97 a 5.56 ab

20 4.78 1.12 b 5.00 b

CGS

0 fresh 5.88 2.01 6.03

14
5 5.21 1.94 5.38

20 4.97 0.41 6.08

28
5 5.07 1.22 5.85

20 5.04 0 5.34

GP

0 fresh 5.51 1.85 5.75

14
5 5.14 3.69 5.57

20 4.67 1.15 5.72

28
5 5.18 2.62 6.22

20 4.70 0 2.60

CH

0 fresh 5.95 3.37 6.56

14
5 4.78 3.37 5.49

20 4.70 1.91 5.69

28
5 5.06 2.98 5.87

20 5.56 2.09 5.45

WL

0 fresh 4.82 1.42 5.91

14
5 4.61 1.41 4.95

20 3.87 1.89 4.78

28
5 4.03 0.81 5.17

20 4.77 1.48 4.30
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Table 1 – contd.

1 2 3 4 5 6

P-value

G ≤ 0.05 ≤ 0.05 ≤ 0.05

STI 0.2720 ≤ 0.05 0.1422

STE 0.5316 ≤ 0.05 ≤ 0.05

G × STI 0.5553 0.8907 0.2152

G × STE 0.5059 ≤ 0.05 ≤ 0.05

STI × STE 0.0910 0.3090 ≤ 0.05

G × STI × STE 0.3943 0.5833 0.0780

SEM 0.0885 0.1637 0.1332

CFU – colony forming units, G – genotype; STI – storage time; STE – storage temperature; EC – Escherichia coli, ENT – Enterococcus, TNM – total 
number of microorganisms, CGS – Czech Golden Spotted hen; GP – Greenleg Partridge; CH – commercial hybrid; WL – White Leghorn; SEM – standard 
error of mean; Values with significance of P≤0.05 were considered as significant.

Table 2. Effect of genotype, storage time and temperature on microbial contamination of the eggshell membranes (CFU/eggshell membranes)

G STI (days) STE (°C) EC ENT TNM

1 2 3 4 5 6

CGS 0.32 0 0.82 a

GP 0.27 0 0.61 ab

CH 0 0 0.15 b

WL 0.26 0.11 0.12 b

0 0b 0 0.28 b

14 0.51 a 0 0.76 a

28 0.07 b 0.07 0.23 b

fresh 0 0 0.28

5 0.19 0 0.51

20 0.39 0.07 0.49

CGS

0 fresh 0 0 0.36

14
5 0.57 0 1.46

20 1.23 0 1.75

28
5 0 0 0.70

20 0 0 0.47

GP

0 fresh 0 0 0.26

14
5 0.95 0 1.62

20 0.57 0 1.20

28
5 0 0 0

20 0 0 0.23

CH

0 fresh 0 0 0

14
5 0 0 0.13

20 0 0 0.13

28
5 0 0 0.48

20 0 0 0

WL

0 fresh 0 0 0.48

14
5 0 0 0

20 0.73 0 0.13

28
5 0 0 0

20 0.57 0.57 0
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Table 2 – contd.

1 2 3 4 5 6

P-value

G 0.5124 0.4816 ≤ 0.05

STI ≤ 0.05 0.2473 ≤ 0.05

STE 0.2732 0.2473 0.9109

G × STI 0.1853 0.2629 ≤ 0.05

G × STE 0.3667 0.2629 0.8600

STI × STE 0.7563 0.2473 0.5931

G × STI × STE 0.7720 0.2629 0.5334

SEM 0.0794 0.0265 0.0936

CFU – colony forming units, G – genotype; STI – storage time; STE – storage temperature; EC – Escherichia coli, ENT – Enterococcus, TNM – total 
number of microorganisms, CGS – Czech Golden Spotted hen; GP – Greenleg Partridge; CH – commercial hybrid; WL – White Leghorn; SEM – standard 
error of mean; Values with significance of P≤0.05 were considered as significant.

Table 3. Effect of genotype, storage time and temperature on microbial contamination of the albumen (CFU/albumen)

G STI (days) STE (°C) EC ENT TNM

1 2 3 4 5 6

CGS 0.52 a 0 0.21

GP 0 b 0 0.16

CH 0.11 ab 0 0.17

WL 0 b 0 0.21

0 0 0 0.29

14 0.30 0 0.10

28 0.14 0 0.20

fresh 0 0 0.29

5 0.30 0 0.22

20 0.14 0 0.09

CGS

0 fresh 0 0 0.42

14
5 1.23 0 0

20 0.57 0 0

28
5 1.13 0 0.45

20 0 0 0

GP

0 fresh 0 0 0.14

14
5 0 0 0

20 0 0 0

28
5 0 0 0

20 0 0 0.70

CH

0 fresh 0 0 0

14
5 0 0 0.83

20 0.57 0 0

28
5 0 0 0

20 0 0 0

WL

0 fresh 0 0 0.60

14
5 0 0 0

20 0 0 0

28
5 0 0 0.47

20 0 0 0
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Table 3 – contd.

1 2 3 4 5 6

P-value

G ≤ 0.05 – 0.9378

STI 0.2199 – 0.5032

STE 0.2199 – 0.3735

G × STI 0.6687 – 0.2603

G × STE ≤ 0.05 – 0.2977

STI × STE 0.3031 – 0.6157

G × STI × STE 0.7759 – 0.2411

SEM 0.644 – 0.0634

CFU – colony forming units, G – genotype; STI – storage time; STE – storage temperature; EC – Escherichia coli, ENT – Enterococcus, TNM – total 
number of microorganisms, CGS – Czech Golden Spotted hen; GP – Greenleg Partridge; CH – commercial hybrid; WL – White Leghorn; SEM – standard 
error of mean; Values with significance of P≤0.05 were considered as significant.

Table 4. Effect of genotype, storage time and temperature on egg weight and eggshell quality parameters

G STI (days) STE 
(°C)

EW 
(g)

SP 
(%)

ST 
(mm) SST (N/cm2) SI  

(g/100 cm2)
SS 

(cm2)

1 2 3 4 5 6 7 8 9

CGS 56.42 b 9.45 ab 0.306 ab 42.70 a 7.74 ab 68.83 ab

GP 55.77 b 8.90 c 0.292 b 34.60 c 7.26 c 68.30 b

CH 57.97 a 9.25 b 0.307 ab 38.53 b 7.65 b 70.08 a

WL 55.85 b 9.72 a 0.314 a 38.34 b 7.94 a 68.36 b

0 57.96 a 9.19 b 0.309 a 39.09 7.59 b 70.08 a

14 56.52 b 9.22 b 0.297 b 38.05 7.56 b 68.90 ab

28 55.76 c 9.51 a 0.311 a 38.65 7.76 a 68.28 b

fresh 57.96 a 9.19 b 0.309 a 39.09 7.59 b 70.08 a

5 56.81 b 9.23 b 0.310 a 38.19 7.78 a 69.14 b

20 55.47 c 9.50 a 0.297 b 38.51 7.74 a 68.05 c

CGS

0 fresh 57.67 9.32 0.311 43.42 7.69 69.84

14
5 56.80 9.26 0.306 41.39 7.60 69.13

20 55.88 9.58 0.292 42.76 7.82 68.39

28
5 57.35 9.23 0.309 42.73 7.61 69.58

20 54.43 9.87 0.313 43.20 7.99 67.20

GP

0 fresh 56.83 8.79 0.296 34.79 7.22 69.16

14
5 56.86 8.79 0.300 34.36 7.20 69.19

20 55.38 8.85 0.285 33.40 7.21 67.98

28
5 55.99 8.89 0.292 35.74 7.27 68.48

20 53.79 9.21 0.287 34.73 7.43 66.68

CH

0 fresh 60.19 9.03 0.309 41.09 7.56 71.87

14
5 58.98 8.75 0.300 35.68 7.27 70.91

20 57.68 9.03 0.277 37.38 7.46 69.85

28
5 58.15 9.25 0.319 37.55 7.66 70.22

20 54.86 10.16 0.330 40.06 8.25 67.55

WL

0 fresh 57.17 9.60 0.319 37.08 7.90 69.43

14
5 54.36 9.87 0.326 39.52 7.98 67.12

20 56.22 9.68 0.292 39.94 7.92 68.66

28
5 56.01 9.82 0.331 38.55 8.02 68.48

20 55.50 9.65 0.306 36.60 7.86 68.07
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Table 4 – contd.

1 2 3 4 5 6 7 8 9

P-value

G ≤ 0.0001 ≤ 0.0001 ≤ 0.0001 ≤ 0.0001 ≤ 0.0001 ≤ 0.0001

STI ≤ 0.05 ≤ 0.05 ≤ 0.0001 0.4425 ≤ 0.05 ≤ 0.05

STE ≤ 0.0001 ≤ 0.05 ≤ 0.0001 0.6771 ≤ 0.05 ≤ 0.0001

G × STI ≤ 0.05 ≤ 0.05 ≤ 0.05 0.1997 ≤ 0.05 ≤ 0.05

G × STE ≤ 0.05 ≤ 0.05 ≤ 0.05 0.4383 ≤ 0.05 ≤ 0.05

STI × STE ≤ 0.05 0.0715 ≤ 0.05 0.6828 0.2528 ≤ 0.05

G × STI × STE 0.7695 0.6368 0.4429 0.9010 0.6321 0.7692

SEM 0.150 0.042 0.002 0.370 0.033 0.122

G – genotype; STI – storage time; STE – storage temperature; EW – egg weight; ESW – eggshell weight; SP – eggshell proportion; ST – eggshell thick-
ness; SST – eggshell strength; SI – eggshell index; SS – eggshell surface; CGS – Czech Golden Spotted hen; GP – Greenleg Partridge; CH – commercial 
hybrid; WL – White Leghorn; SEM – standard error of mean; Values with significance of P≤0.05 were considered as significant.

Table 5. Effect of genotype, storage time and temperature on egg weight loss after 7, 14, 21 and 28 days from the initial EW

G STI 
(days)

STE
 (°C)

EWL (in %) 

after 7 days after 14 days after 21 days after 28 days

1 2 3 4 5 6 7

CGS 0.95 1.77 ab 2.68 ab 3.42 b

GP 0.87 1.60 b 2.48 b 3.40 b

CH 0.95 1.84 a 2.96 a 3.95 a

WL 1.00 1.74 ab 2.73 ab 3.58 ab

0 – – – –

14 0.87 b 1.79 – –

28 1.02 a 1.69 2.71 3.59

fresh – – – –

5 0.59 b 0.99 b 1.43 b 1.93 b

20 1.30 a 2.49 a 4.00 a 5.24 a

CGS

0 fresh – – – –

14
5 0.50 ef 0.97 – –

20 1.26 ab 2.64 – –

28
5 0.80 de 0.86 1.24 1.60

20 1.25 ab 2.60 4.12 5.23

GP

0 fresh – – – –

14
5 0.52 ef 1.06 – –

20 1.24 abc 2.17 – –

28
5 0.49 ef 0.95 1.45 1.93

20 1.24 abc 2.21 3.50 4.87

CH

0 fresh – – – –

14
5 0.25 f 0.94 – –

20 1.42 a 2.93 – –

28
5 0.90 cd 1.01 1.46 2.10

20 1.21 abc 2.49 4.47 5.81

WL

0 fresh – – – –

14
5 0.27 f 1.02 – –

20 1.46 a 2.57 – –

28
5 0.97 bcd 1.11 1.57 2.09

20 1.29 ab 2.28 3.90 5.06
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Microbial contamination
Regarding the eggshell contamination (Table 1), the 

effect of genotype was found to be statistically signifi-
cant in all three observed groups of microorganisms. The 
significantly lowest contamination of eggshell by EC 
was in eggs from the WL hens (4.42 log CFU/eggshell), 
while from ENT was in eggs from the CGS hens (1.22 
log CFU/eggshell) and from the WL hens (1.40 log CFU/
eggshell). The lowest incidence of TNM was also detect-
ed in eggs from the WL hens (5.03 log CFU/eggshell). 
These data obviously show that in terms of genotype, 
WL hens achieved the most favourable results compared 
to other selected genotypes. The effect of storage time 
on eggshell contamination was determined as significant 
only in contamination by ENT bacteria, where the lowest 
level of contamination was found in eggs stored for 28 
days (1.16 log CFU/eggshell). However, the decreasing 
trend of the eggshell contamination with the increasing 
storage time was detected in all evaluated groups of mi-
croorganisms (EC, ENT and TNM). This trend was regu-
lar in contamination by ENT and TNM, while irregular 
in contamination by EC. When comparing the effect of 
storage temperature on microbial contamination of the 
eggshell, the contamination by ENT and by TNM were 
calculated as statistically significant. The lowest levels 
were found in eggs stored at 20°C, specifically 1.12 log 
CFU/eggshell for ENT and 5.00 log CFU/eggshell for 
TNM. The level of microbial contamination regularly 
decreased with the increasing storage temperature in 
all monitored groups of microorganisms. Furthermore, 
there were several interactions calculated as significant. 
Specifically, the interaction between genotype and stor-
age temperature in contamination by ENT and TNM and 
the interaction between storage time and temperature in 
contamination by TNM. The statistically lowest eggshell 
contamination by ENT was determined in eggs from the 
CGS hens stored at 20°C (0.20 log CFU/eggshell) and the 
highest in fresh eggs from the CH hens (3.36 log CFU/
eggshell). The lowest incidence of TNM on eggshell was 
determined in eggs from the GP hens stored at 20°C (4.16 
log CFU/eggshell) and the highest in fresh eggs from CH 

hens (6.56 log CFU/eggshell). In terms of the interaction 
between storage time and temperature, which was found 
significant only in contamination by TNM, the low-
est value was found in eggs stored for 28 days at 20°C  
(4.42 log CFU/eggshell) and the highest in fresh eggs 
(6.06 log CFU/eggshell).

The microbial contamination of eggshell membranes 
(Table 2) was significantly affected by genotype (TNM) 
and storage time (EC and TNM). Statistically the low-
est contamination of eggshell membranes by TNM was 
found in eggs from the WL (0.12 log CFU/eggshell 
membranes) and CH hens (0.15 log CFU/eggshell mem-
branes). When considering the effect of storage time, 
the significantly lowest contamination of eggshell mem-
branes by EC was found in fresh eggs (not detected) 
and in eggs stored for 28 days (0.07 log CFU/eggshell 
membranes). Storage time significantly affected the con-
tamination by TNM, where the lowest incidence of mi-
croorganisms in eggshell membranes was found in eggs 
stored for 28 days (0.23 log CFU/eggshell membranes) 
and in fresh eggs (0.28 log CFU/eggshell membranes). 
The statistically significant interaction between genotype 
and storage time was determined in contamination by 
TNM, where the lowest value was detected in eggshell 
membranes from the WL eggs stored for 28 days (not 
detected) and from the CH fresh eggs (not detected). Vice 
versa, the highest value was detected in eggshell mem-
branes from the CGS and GP hens stored for 14 days 
(1.45 and 1.41 log CFU/eggshell membranes).

The genotype and interaction between genotype and 
storage temperature were determined as significant in 
microbial contamination of albumen by EC (Table 3). 
Regarding the effect of genotype, the GP (not detected) 
and WL (not detected) hens had eggs with statistically 
the lowest occurrence of EC bacteria in albumen. The 
interaction between genotype and storage temperature 
showed that the lowest contamination of EC in albumen 
was in eggs from all storage temperature groups from the 
GP and WL hens (not detected). Moreover, fresh eggs 
from the CGS and CH hens and eggs from the CH stored 
at 5°C had also the same level of contamination by EC 

Table 5 – contd.

1 2 3 4 5 6 7

P-value

G 0.5521 ≤ 0.05 ≤ 0.05 ≤ 0.05

STI ≤ 0.05 0.1506 – –

STE ≤ 0.0001 ≤ 0.0001 ≤ 0.0001 ≤ 0.0001

G × STI 0.3867 0.8792 0.0648 0.1825

G × STE 0.8369 ≤ 0.05 – –

STI × STE ≤ 0.0001 0.2374 – –

G × STI × STE ≤ 0.05 0.2720 – –

SEM 0.037 0.055 0.122 0.155

G – genotype; STI – storage time; STE – storage temperature; EWL – egg weight loss; CGS – Czech Golden Spotted hen; GP – Greenleg Partridge; CH 
– commercial hybrid; WL – White Leghorn; SEM – standard error of mean; Values with significance of P≤0.05 were considered as significant.
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(not detected). On the other hand, the highest contamina-
tion of albumen was in eggs from the CGS hens stored at 
a temperature of 5°C (1.18 log CFU/albumen).

Egg weight and eggshell quality parameters
The significant effects of genotype, storage time and 

temperature were determined in EW and in some egg-
shell quality parameters (Table 4). Moreover, signifi-
cant interactions were calculated as well. The EW and 
all observed eggshell parameters were significantly af-
fected by the genotype. The heaviest eggs were from the 
commercial hybrid hens (57.97 g). The highest value of 
the SP (9.72%) and the ST (0.314 mm) was determined 
in eggs from the WL hens. The strongest eggshells were 
from the CGS hens (42.70 N/cm2). The highest value of 
the SI was from the WL hens (7.94 g/100 cm2). The last 
eggshell parameter, which was significantly influenced 
by genotype was the ESS and the highest was in eggs 
from the CH hens (70.08 cm2). The effect of storage 
time was determined as significant in the EW, SP, ST, 
SI and SS. The heaviest eggs were fresh eggs (57.96 g). 
The highest value of the SP was found in eggs stored for  
28 days (9.51%). The ST value was determined highest 
in eggs stored for 28 days (0.311 mm) and in fresh eggs 
(0.309 mm). Storage time had also a significant effect 
on the SI, which was found as highest in eggs stored for  
28 days (7.76 g/100 cm2). The highest value of the SS 
was found in fresh eggs (70.08 cm2). The effect of stor-
age temperature was statistically significant in exactly 
the same parameters as the effect of storage time. Sig-
nificantly heaviest eggs were fresh eggs (57.96 g). The 
SP was found to be the highest in eggs stored at 20°C. 
The highest value of the ST was in eggs stored at 5°C  
(0.310 mm) and fresh eggs (0.309 mm). The SI was de-
termined to be the highest in eggs stored at 5°C (7.78 
g/100 cm2) and at 20°C (7.74 g/100 cm2). The highest 
value of the SS was determined in fresh eggs (70.08 cm2).  

The interactions between genotype and storage time 
and between genotype and storage temperature were 
calculated as being significant in the same parameters, 
specifically in the EW, SP, ST, SI and SS. Regarding 
the interaction between genotype and storage time, the 
heaviest eggs were fresh eggs from CH hens (60.19 g), 
while the lightest eggs were eggs from the GP hens 
stored for 28 days (54.89 g). The  highest value of the 
interaction between genotype and storage time in SP was 
calculated in eggs from the WL hens stored for 14 days 
(9.77%) and the lowest in fresh eggs from the GP hens 
(8.79%) and in eggs from the GP and CH hens stored for 
14 days (8.81 and 8.88%, respectively). The same inter-
action significantly affected ST, where the thickest egg-
shell was in eggs from CH hens stored for 28 days (0.325 
mm) and the thinnest eggs from CH stored for 14 days 
(0.289 mm) and eggs from the GP hens stored for 28 and  
14 days, respectively (0.290 and 0.292 mm, respectively). 
The interaction between genotype and storage time was 
determined also in SI, where the highest value was found 
in eggs from CH hens stored for 28 days (7.95 g/100 

cm2) and the lowest in eggs from the GP hens stored for  
14 days (7.21 g/100 cm2). The last eggshell parameter that 
was significantly affected by this interaction was SS. The 
significantly highest value of SS was in fresh eggs from 
the CH hens (71.87 cm2), while the lowest was in eggs 
from the GP hens stored for 28 days (67.58 cm2). The 
significant effect of the interaction between genotype and 
storage temperature was found in EW. The heaviest eggs 
were fresh eggs from the CH (60.19 g), while the lightest 
eggs were eggs from the GP stored at 20°C (54.59 g). 
In terms of the interaction between genotype and stor-
age temperature, SP was calculated as significant, where 
the highest value was determined in eggs from the WL 
hens stored at 5°C (9.84%) and the lowest value in fresh 
eggs from the GP hens (8.79%) and eggs stored at of 
5°C (8.83%). As mentioned before, the statistically sig-
nificant effect of this interaction was calculated also in 
ST, where the thickest eggshells were in eggs from the 
WL hens stored at 5°C (0.329 mm) and the thinnest were 
in eggs from the GP hens stored at 20°C (0.286 mm). 
The significantly highest value of SI was found in eggs 
from the WL hens stored at 5°C (8.00 g/100 cm2) and 
the lowest in eggs from all storage temperature groups of 
eggs (fresh, 5°C and 20°C) from the GP hens (7.22, 7.24 
and 7.32 g/100 cm2, respectively). The last eggshell pa-
rameter influenced by the interaction between genotype 
and storage temperature was SS. The highest value was 
calculated in fresh eggs from the CH hens (71.87 cm2) 
and the lowest in eggs from the GP hens stored at 20°C 
(67.33 cm2). Moreover, the interaction between storage 
time and storage temperature was determined in EW, 
ST and SS. The heaviest eggs were fresh eggs (57.96 g), 
while the lightest were eggs stored for 28 days at 20°C 
(54.64 g). The ST was significantly the highest in eggs 
stored for 28 days at 5°C (0.312 mm) and 20°C (0.309 
mm), fresh eggs (0.309 mm) and eggs stored for 14 days 
at 5°C (0.308 mm). Vice versa, the statistically thinnest 
eggshell was found in eggs stored for 14 days at 20°C 
(0.286 mm). The last parameter, where the significant in-
teraction between storage time and storage temperature 
was calculated, was SS. The highest value of SS was in 
fresh eggs (70.08 cm2) and the lowest was in eggs stored 
for 28 days at 20°C (67.37 cm2).

Regarding the EWL, significant effect of genotype, 
storage time, storage temperature and their mutual inter-
actions were calculated (Table 5). Statistically signifi-
cant effect of genotype on EWL was found in eggs after 
14, 21 and 28 days of storage. The lowest EWL at the 
end of the storage period was in eggs from GP and CGS 
hens (3.40 and 3.42%, respectively) and the highest in 
eggs from CH hens (3.95%). As expected, the effect of 
storage time and storage temperature influenced EWL. 
Specifically, EWL regularly increased with storage time 
and simultaneously, higher EWL was determined in eggs 
stored at 20°C compared to 5°C. Significant interaction 
between storage time and temperature was found in EWL 
in eggs after 7 days of storage, where the highest EWL 
was found in eggs stored for 14 and 28 days at 20°C (1.35 
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and 1.32%, respectively) and the lowest in eggs stored 
for 14 days at 5°C (0.39%). Significant interaction be-
tween genotype and storage temperature was determined 
in EWL in eggs after 14 days of storage, where the high-
est EWL was found in eggs from CH hens stored at 20°C 
(2.71%) and the lowest in eggs from CGS, CH, GP and 
WL hens all stored at 5°C (0.92, 0.98, 1.01 and 1.06%, 
respectively). The only significant three-way interaction 
among genotype, storage time and storage temperature 
for EWL was calculated in eggs after 7 days of storage. 
The only three-way interaction (among genotype, storage 
time and temperature) in EWL, which was calculated as 
statistically significant, was found in eggs after 7 days of 
storage, where the highest EWL was in eggs from WL 
and CH hens stored for 14 days at 20°C (1.46 and 1.42%, 
respectively) and the lowest was in eggs from CH and 
WL hens stored for 14 days at 5°C (0.25 and 0.27  %, 
respectively).

Discussion

The effect of storage time or storage temperature on 
microbial contamination, respectively on microbial pen-
etration into the egg content was previously observed by 
a number of studies, for example by Stepien-Pysniak 
(2010) and Vlčková et al. (2018). However, the effect of 
genotype was not studied in as much depth as other fac-
tors. Authors such as De Reu et al. (2008) and Englmaier-
ová et al. (2014) usually focus on the effect of different 
housing systems, but not on the effect of genotype. Nev-
ertheless, Jones et al. (2004) carried out a study, where 
the effect of genotype on microbial contamination of 
eggs was not only observed, but also confirmed. Moreo-
ver, these authors concluded that genetic selection has 
negatively affected the resistance of eggs to microbial 
contamination and penetration through the eggshell dur-
ing the storage time. This statement can be supported by 
the findings of our study, where the differences in the mi-
crobial contamination and penetration among the geno-
types were found. Specifically, the results showed the 
most favourable values for eggs from WL hens, where 
the statistically lowest eggshell contamination was found 
in all monitored groups of microorganisms and also the 
lowest in contamination of eggshell membranes and al-
bumen, when values were significant. Vice versa, the 
worst results were found in eggs from the CGS hens, 
which may have been caused by the fact that these hens 
belong to genetic resources of the Czech Republic and 
the selection is based on their exterior signs. These find-
ings can be supported by the previously mentioned state-
ment from Jones et al. (2004), which claims that geno-
type has an effect on microbial contamination of eggs.  
Jones et al. (2015) add that the higher contamination and 
subsequent penetration might be caused also by the be-
havioural patterns, for example by behaviour connected 
to oviposition. They found out that the higher contamina-
tion occurs in eggs laid on the floor compared to nest 

boxes. However, that is not the case of our study, because 
there were only eggs used from nest boxes. Furthermore, 
Kusuda et al. (2011) observed the diversity in the cuticle 
structure among different avian species including the 
Japanese quail (Coturnix japonica), Red Junglefowl 
(Gallus gallus), Greater Flamingo (Phoenicopterus ru-
ber roseus), White Pelican (Pelecanus onocrotalus) and 
Humboldt Penguin (Spheniscus humboldti). The eggshell 
cuticle represents the first defensive barrier of the egg to 
avoid penetration of undesirable pathogens into the egg-
shell content. The thickness of the cuticle and its cover-
age on the eggshell surface are traits that are heritable 
(Kulshreshtha et al., 2018). The results of Kusuda et al. 
(2011) indicated that the differences in cuticle structure, 
coverage and functionality occurred in different avian 
species. Therefore, the same pattern could possibly work 
for different genotypes of hens. When considering the ef-
fect of genotype, the microbial contamination of eggshell 
membranes and albumen did not show corresponding 
values to the contamination of the eggshell surface. Spe-
cifically, there was almost no detection of penetration of 
microorganisms into the egg content in the eggs from CH 
hens despite a high initial contamination of egg surface. 
Conversely, microorganisms (especially EC and TNM) 
occurred in egg content of eggs from native breeds. These 
results may suggest a better antimicrobial defence of 
eggshell membranes, respectively of albumen. The study 
from Lewko and Gornowicz (2009) supports this state-
ment, because they found differences in the content and 
activity of lysozyme among different hen genotypes. Ac-
cording to You et al. (2010) lysozyme is the most repre-
sented (the content of lysozyme in albumen is 3.5%) and 
the most effective tool of albumen against the contamina-
tion of egg content by pathogens. Lysozyme is included 
not only in albumen, but also in eggshell membranes and 
in eggshell itself (Hincke et al., 2000). Furthermore, 
lysozyme is effective especially against gram‑positive 
bacteria (Hincke et al., 2000), so the low levels of ENT 
bacteria (gram-positive) observed in this study compared 
to other groups might be caused by the activity of 
lysozyme. Vlčková et al. (2019) add that ovotransferrin 
and ovalbumin are other proteins that play an essential 
role in terms of the antimicrobial defence of albumen and 
that ovotransferrin concentration is influenced by genet-
ics. This also supports the idea of different level of anti-
microbial defence of eggs from different hen genotypes. 
Furthermore, the findings of Vlčková et al. (2018) also 
concluded that the level of contamination of eggshell and 
penetration into egg content by ENT was lower in com-
parison with EC and TNM. Despite the highest initial 
contamination of eggshell surface of eggs from CH hens, 
the occurrence on the eggshell membranes and in albu-
men was statistically or numerically the lowest compared 
to native breeds. Considering the discussed literature, the 
results of this study may indicate that eggs from CH hens 
are less prone to microbial penetration through the egg-
shell or that these hens produce eggs with better antimi-
crobial defence. The results of various studies (Park et 
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al., 2003; Aygun and Sert, 2013 a and Vlčková et al., 
2018) showed the decrease of microbial contamination of 
eggshell surface with the increasing storage time regard-
less of the origin of the microorganisms. This is in ac-
cordance with the findings of our study, where the lowest 
levels of microbial contamination were found in eggs 
stored for 28 days, when significant. The statistically 
highest incidence of microorganisms on the eggshell 
membranes was detected in the eggs stored for 14 days, 
with the exception of ENT, where the effect of storage 
time was non‑significant and the values were very low. 
Very similar results were achieved by Vlčková et al. 
(2018) including the overall low contamination by ENT, 
but their results were not statistically significant. Never-
theless, the similar trends of the results are obvious. The 
same trend relates to contamination of albumen, but our 
results were statistically non-significant and the values 
were lower compared to contamination of eggshell mem-
branes. The reason why the ENT values are usually low 
was already discussed above. Regarding the effect of 
storage temperature on microbial contamination of eggs, 
the higher temperatures are less favourable than the low-
er temperatures from the perspective of egg quality and 
safety (Theron et al., 2003). The ideal temperature for the 
growth of EC bacteria ranges from 20 to 37°C. The high-
er the temperature (when the range from 20 to 37°C is 
taken into account), the faster the growth (Farewell and 
Neidhardt, 1998). The range of temperatures where ENT 
bacteria are capable of growing, varies, the optimal tem-
perature for ENT growth is 42.7°C, the minimum is 
6.5°C and the maximum is 47.8°C (Fisher and Phillips, 
2009). The significant effect of storage temperature was 
found only in the contamination of egg surface. The 
highest contamination levels were found in fresh eggs 
compared to eggs stored at two different temperatures  
(5 and 20°C), which corresponds with the storage time 
and decreasing trend of microorganisms with extended 
storage time. The only significant difference between the 
two observed temperatures was found in eggshell con-
tamination by ENT, where lower values were detected in 
eggs stored at 20°C. Other differences between these 
storage temperatures were determined as non-significant. 
The similar growth of observed microorganism groups in 
both storage temperatures could be caused by the fact 
that the temperatures (5 and 20°C) are far from the ideal 
temperature for growth so therefore there was not any 
significant difference detected between these storage 
temperatures. The calculated interactions between geno-
type and storage time, respectively storage temperature, 
reflect the individual relationship of the specific genotype 
to the storage conditions (time or temperature). These in-
teractions should be further studied to draw substantiated 
conclusions. However, an interesting interaction between 
storage time and storage temperature was detected in 
eggshell contamination by TNM. This interaction re-
vealed that the best results of the combination of storage 
time and storage temperature regarding the eggshell con-
tamination, was storage for 28 days at 20°C, which is 

controversial because of a generally known fact that the 
egg quality deteriorates with prolonged storage time.

The importance of eggshell quality is multilateral, 
it represents the protection of egg content against mi-
crobial contamination in terms of food safety (Zaheer, 
2015), respectively in terms of hatchability in hatching 
eggs (Yamak et al., 2016). Another substantial effect 
of eggshell is connected to the economics, because the 
eggs with damaged eggshell represent from 6 to 8% of 
overall egg production (Bain et al., 2006). Usually, the 
eggshell quality is defined by its weight, proportion and 
thickness (Messens et al., 2005). Bain et al. (2006) con-
sider also the strength as the one of the most essential 
eggshell quality parameters. Eggs with thinner eggshells 
are more likely to be penetrated by pathogenic micro-
organisms (Messens et al., 2005). Moreover, the cuticle 
contributes to the eggshell thickness according to Kusuda 
et al. (2011). The significance of cuticle regarding the mi-
crobial contamination was discussed above in detail. The 
effect of genotype on EW and various eggshell quality 
parameters was previously confirmed by various authors 
such as Zita et al. (2009), Khatun et al. (2016) and Kraus 
et al. (2020). Also, a large number of studies (e.g. Akter 
et al., 2014; Krawczyk and Sokołowicz, 2015; Vlčková 
et al., 2019) that were focused on the effect of storage 
conditions (storage time, storage temperature or both), 
was carried out in the past. The inconsistencies in some 
results among the studies could be caused by the different 
use of genotypes, storage times, and storage temperatures 
and also by other factors, such as housing systems, feed 
mixtures etc. However, our results predominantly corre-
spond to the general and previously confirmed facts and 
trends. The interactions of EW and eggshell parameters 
between genotype and storage time or storage tempera-
ture are to a large extent influenced by the individuality 
of each specific genotype (same as for the interactions of 
microbial by various microorganisms). Nevertheless, the 
interaction between storage time and temperature, which 
could reveal some trends, was calculated in EW, ST and 
SS. The results of this interaction in EW and SS were 
exactly the same, the highest values were determined in 
fresh eggs and the lowest in eggs stored for 28 days at 
20°C. This is probably caused by the fact that EW values 
are used for the calculation of SS. Lee et al. (2016) con-
firmed the same trends in EW and also found the inter-
action between storage time and temperature as signifi-
cant. Specifically, these authors determined the decrease 
with an extended storage time and the decrease with an 
increased storage temperature. The interaction between 
storage time and temperature in ST showed that the low-
est value of ST was found in eggs stored for 14 days at 
20°C. Samli et al. (2005) also found the significant effect 
of this interaction on ST, but the trend is not as obvious 
as in the EW or SS. 

The effect of storage conditions on EWL was previ-
ously studied by a large number of authors, such as Sert 
et al. (2011), Aygun and Sert (2013 b) and Brodacki et 
al. (2019). Specifically the study from Aygun and Sert  
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(2013 b) focused on the comparison of two storage treat-
ments (control and vacuum) during different storage 
times and temperatures. The results of their study, same 
as the results of this study, showed that prolonged stor-
age time and higher storage temperature (storage tem-
peratures 5 and 22°C were studied) negatively influences 
EWL. Brodacki et al. (2019) concluded that the use of 
lower storage temperatures is more suitable for egg stor-
age because it prolonged the shelf life of eggs, which is 
in accordance with the results of our study.

Conclusion
The most essential finding of this study is that there 

were significant differences in microbial contamination 
of egg surface among observed hen genotypes. The pen-
etration of selected microorganisms was also significant 
in contamination of eggshell membranes by TNM and 
in contamination of albumen by EC. Regarding these re-
sults, breeders should focus not only on the performance 
parameters of hens, but also on the ability of eggs to re-
sist the microbial contamination and penetration during 
storage because of the safety of eggs. 

Specifically, regarding the effect of genotype on mi-
crobial contamination and penetration, it can be con-
cluded that WL hens achieved the best results among the 
selected genotypes based on the obtained results.  Re-
garding the effect of storage time, from the results it is 
obvious that in terms of microbial contamination it is 
suitable to store eggs for 28 days, but on the other hand 
it is not compatible with quality and especially with the 
freshness of egg content. These results confirm the gen-
erally known fact that the level of eggshell contamina-
tion decreases with time. In terms of storage tempera-
ture, there were not enough significant results calculated 
to make any statement. Furthermore, there were several 
two-way interactions calculated as statistically signifi-
cant (G × STI, G × STE and STI × STE), nevertheless 
there were not any patterns found so it is impossible to 
draw any conclusions. Only the interaction between stor-
age time and storage time and temperature showed in-
teresting results, where the lowest contamination of egg-
shell was determined in eggs stored for 28 days at 20°C. 
Speaking of the egg weight and egg quality parameters, 
it is impossible to unequivocally choose the best geno-
type. However, the results of eggs from WL hens seem 
to be the best overall. The most notable changes caused 
by storage time and temperature were found in EW (and 
logically in SP, which is in direct relationship with EW). 
The higher the storage time (storage temperature, resp.) 
was, the lower the EW was. The results of SP were ex-
actly the opposite. Based on the findings of this study, it 
can be recommended to store eggs at lower storage tem-
peratures for a short time to avoid high EWL. Regarding 
the genotype, the lowest EWL during the storage time 
was achieved in eggs from GP hens, followed by eggs 
from CGS hens.
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