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Abstract 
The study was conducted to determine the effect of storage of table eggs at room temperature (25 ±1˚C) on viability 
of some pathogenic bacteria. A total of 200 eggs were collected randomly from various shops in Lahore (Pakistan) 
and divided into two groups equally. One was stored at room temperature for ten days while other was processed on 
the same day. Enumeration and prevalence of bacteria in terms of colony forming units (CFUs) was worked out 
following serial dilutions. Mean of bacterial count was obtained as 298 × 104 CFUs/ml of original suspension at zero 
time on day 1, which diminished to 116 × 104 CFUs/ml at day 10. Most of the samples (91%) were densely populated 
with Shigella (139 CFUs × 104 /ml of original suspension), and least (61%) with Klebsiella (43 CFUs × 104ml of 
original suspension), sandwiching (76%) with E.coli (98 CFUs × 104/ml of original suspension). Number of samples 
scoring each category of  the bacterial contamination as well as the CFUs levels dropped significantly (P<0.05) to 
61% on day 10 suggesting the positive impact of room temperature  storage  on the surface hygiene of eggs.  
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INTRODUCTION 

 
ue to protective outer shell and inner 
membranes, eggs are thought as clean 
food. The outer shell surface may get 

contaminated by various microorganisms under 
different conditions to cause spoilage (Gantois 
et al., 2009). Egg shell surface does not only 
harbor a variety of pathogens like Salmonella, 
Listeria, Campylobacter, E.coli (Ghasemian et 
al., 2011), but the contaminants also multiply 
rapidly under suitable conditions (Cook et al., 
2003). A total coliform count of 212 CFUs (AL-
Bachir and Zeinou, 2006), and 4-20×106 
CFUs/ml of original suspension (Esther, 2008) 
on day zero is indicative of the contamination of 
eggs during production. Caging environment, 
does not affect the level of microbial 
contamination which occurs at the time of egg 
production (Hannah et al., 2011). 

The present study was aimed to 
investigate the effect of storage on intensity and 
diversity of some pathogenic bacteria 
contaminating egg shell surface. Antibiotics 

resistance of the pathogens explained their 
anthropogenic nature on one hand while on the 
other hand, handling of such eggs needs 
precautions as to avoid the associated health 
risks.  

 
MATERIALS AND METHODS 

 
Two hundred eggs were purchased from 

different shops in Lahore, among which 100 
were processed for bacteriological analysis on 
day 1while the second set was stored at room 
temperature for ten days.  Both categories of 
eggs were dipped in 150ml (autoclaved) water, 
each in a separate container. After dipping, egg 
surface was rubbed with the help of autoclaved 
cotton swabs to shift maximum number of 
microbial flora from surface of egg shell into 
water. Following this practice, two serial dilutions 
(1:100 and 1:10000) were prepared from original 
suspension. The dilutions were subsequently 
spread in an amount of 0.1 ml/EMB agar plate 
and incubated at 37˚C. This process was 
repeated for rest of the eggs on day 10. Plates 
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with count of 30-300 colonies were selected and 
size, shape elevation, margins, surface texture, 
consistency, pigmentation and optical nature of 
well separated colonies were noted. Following 
pure culturing of each isolate, their glycerol 
stocks were prepared. 

Characterization and identification was 
worked out with pure culture of each isolate by 
Gram’s reaction , endospore staining ,and 
motility , catalase , oxidase , Indole , Citrate 
utilization , Methyl red , Voges Proskauer tests. 
Each isolate was examined for its degree of 
pathogenicity by growing over the blood agar 
medium. Ampicillin (25μg), nalidixic acid (30μg), 
rifampin (5μg) and vanomycin (30μg) were 
employed to assess antimicrobial 
susceptibility/resistance by  Kirby-Bauer method 

of disk diffusion(Benson, 2001; Pelczar et al., 
1986). Plates were examined after 24 hrs for 
zone of inhibition around the disks. 
 
 

Statistical analysis:  
One way Analysis of variance (ANOVA) 

was applied to the obtained results at p<0.05. 
 

RESULTS 
 

         Average number of 298 and 116 CFUs × 
104 /ml of first suspension were obtained on day 
1 and 10 respectively. In other words the eggs 
purchased and stored at room temperature for 
ten days harbored 447×106 and 174×106 
culturable bacterial contents per egg, 
respectively (Fig. 1).  

 

Table I:  Colonial characteristics of bacteria isolated from egg shell surface 

Isolate Size (mm) 
(Color) 

Configuration 
(Elevation) 

Margin/ 
Consistency/ 
Opacity 

Indole 
test 

Gram’s and 
Endospore 
staining 

E.coli 2-3 
Metallic Sheen 

Round nucleated 
(Drop like) 

Smooth/ 
Butterious/ 
Opaque 

-ve -ve 

Shigella 1-2 
(Colorless) 

Round 
(Raised) 

Smooth/ 
Mucoid/ 
Opaque 

-ve -ve 

Klebsiella 3-4 
(Dark pink) 

Irregular nucleated 
(Umbonate) 

Smooth/ 
Mucoid/ 
Translucent 

-ve -ve 

 

Table II:  Biochemical characteristics of bacteria isolated from egg shell surface 
 

Antibiotic sensitivity test 
(D= mm) 

Isolate Catalase/ 
Oxidase test 

MR/ 
Citrate test 

VP-I &II Hemolysis 

 
AMP NA RD VA 

E.coli -ve/ 

+ve 

+ve/ 

-ve 

-ve Γ R     
12 

R      
12 

  R    
5 

R     
8 

Shigella -ve/ 

+ve 

+ve/ 

-ve 

-ve Γ R     
18 

R      
10 

R     
9 

S     
12 

Klebsiella -ve/ 

+ve 

+ve/ 

+ve 

+ve Β R     
16 

R      
12 

R     
8 

R     
8 

Amp: Ampicillin with disk potency of 25µg, NA: Nalidixic acid with disk potency of 30µg, RD: Rifampin with disk 
potency of 5µg, VA: Vanomycin with disk potency of 30µg (Kirby-Bauer method). 
 
The bacterial colonies ranged from 1-4mm in 
size with varying colors, configuration, elevation, 
margin and consistency (Table I). Isolates were 

identified as E.coli, Shigella and Klebsiella. 
CFUs for Shigella sp. were highest as being 139 
CFUs × 104/ml of original suspension on day 1, 
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as compared to E.coli (98 CFUs × 104/ml) and 
Klebsiella (61 CFUs × 104/ml). The bacterial 
contents dropped on day 10 with values of 50, 

36, and 30 CFUs × 104/ml of original suspension 
for Shigella, E.coli and Klebsiella sp. 
respectively (Fig. 1).  

 

 
   
Figure 1: Number of CFUs x10^4/ml of original solution isolated over egg shells at different time 

periods 
 

 
 
Figure 2: Number of samples showing growth for different pathogens over egg shells at different 

time periods 
 
On day 1, 91% samples were populated with 
Shigella, while on day 10, only 24% samples 
appeared positive. E.coli appeared on 76% 
samples on day 1 and on 29% of the samples 
on day 10. Klebsiella was isolated from 29% and 
12% samples on day 1 and 10 respectively. 
E.coli and Shigella showed γ-hemolysis while 
only Klebsiella showed β-hemolysis on the blood 
agar (Table II). Each isolate was found resistant 

to all the drugs tested, except Shigella which 
were susceptible to Vanomycin (Table II). 
 

DISCUSSION 
 

A significant decrease of 61% in the 
bacterial count over the eggs’ shells was 
observed following 10 days of room storage. 
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Reduction in the bacterial content of eggs’ shell 
with the passage of time is known. Another 
study reported 2.7×106 and 1.3×107CFU 
coliforms/g  from shells of cracked eggs on 2nd  
and 4th day of storage at room temperature of 
29±1˚C representing (Edema and Atayese, 
2006). 

From the results of present and earlier 
studies it may be concluded that coliform 
bacteria show diminishing rate of survival with 
time (Omeira et al., 2006). However, storage at 
room temperature for more than15 days is not 
recommended because quality of eggs is 
deteriorated with the increase in storage time 
and temperature decreased rate of hatchability 
(Tabidi, 2011). Birds’ eggs have a limited shelf 
life under natural conditions, and may get 
occurrence of trans-shell infection (Cook et al., 
2003). As cuticle composition of egg depends 
upon hen age and egg freshness, hence with 
age, a decrease in glycosylation of cuticle leads 
to depletion of lipids, and increase in 
permeability of the egg shell which supports 
trans-shell contamination (Omeira et al., 2006). 
Although, cuticle is quite resistant to bacterial 
shell penetration but not when partially or 
entirely removed (De Reu et al., 2006). The 
eggshell characteristics such as surface area, 
shell thickness and number of pores did not 
influence the bacterial eggshell penetration(De 
Reu et al., 2006), however porosity of egg shell 
and membranes facilitate rapid penetration. 
Storage of the eggs with organic material 
adhering to egg shell, allows microbial growth 
(Knape et al., 2002) and water in addition to it 
serves as a good medium for penetration of 
microbes across the shell pores (Board and 
Halls, 1973) and therefore such storage 
conditions may deteriorate the egg contents as 
reported by(Jones et al., 2004). These authors 
documents that 36.7% of the samples 
expressed an average value of less than 0.1 log 
CFU of Enterobacteriaceae /ml for the eggs’ 
suspension. Cortes et al. (2004) showed that 
45% of eggs were contaminated with E. coli. and 
had reported that the mean of total viable 
bacteria and coliform in the egg contents were 
3.95×104 CFU/g and 4.94×103 CFU/g, 
respectively. 

In the present study three species i.e, 
E.coli, Klebsiella and Shigella were recognized 
over the egg shell surface. In similar study, 
Mahdavi et al. (2012) isolated 68.28% of 
Enterobacteriaceae like E.coli and Klebsiella 
over egg shells. The highest count was 
observed for Shigella which appeared in most of 

the samples (91%) on day 1, whereas Klebsiella 
was isolated only from 29 of the samples. 
Shigella has been isolated from cracked eggs 
(Edema and Atayese, 2006) and reported to 
become  multidrug resistant by 1953 since an 
outbreak in Japan (Todar, 2012). However, 
resistance of Shigella against ampicillin have 
been found to reduce continuously since 1978 to 
2011. Perhaps this is the reason that annual 
number of Shigella diarrhea and dysentery has 
been reported upto 165 million leading to 1 
million deaths in developing countries (Mead et 
al., 1999). Resistance against ampicillin lead to 
discovery of nalidixic acid (Bennish et al., 1992). 
E.coli isolates in this study were found resistant 
against all the drugs tested. This finding may be 
due to capability of E.coli of facing the 
challenges of stressful environment resulting 
into mutations. E.coli, Enterobacter and 
Klebsiella have been isolated from egg shell in 
various percentages with high resistance to 
streptomycin , tetracycline and kanamycin 
(Adesiyun et al., 
2006)http://www.sciencedirect.com/science/
article/pii/S0963996905001675. Klebsiella 
has been declared as ESBLs (Extended 
spectrum beta- lactamase) which are multidrug 
resistant (Todar, 2012), and had been found 
resistant against cephalosporins and 
monobactams (Gundogan et al., 2011).  

A group of enzymes, known as KPC 
residing on transmissible plasmids (Miriagou et 
al., 2003), has been known to be responsible to 
induce resistance in several pathogens, 
including E.coli (Hong et al., 2003), Klebsiella 
sp. (Smith et al., 2003) and Enterobacter sp.( 
(Bratu et al., 2005). E.coli and Shigella were 
found non-pathogenic being gamma hemolytic. 
Non-hemolytic strain of E.coli being resistant to 
all antibiotics, may be due to antibiotic 
resistance development through natural 
selection (Harrigan, 2008).In another study, non- 
hemolytic strains of E.coli were found 100%  and 
40% resistant against ampicillin  and nalidixic 
acid respectively (Olowe et al., 2008). Beta 
hemolytic Klebsiella was found susceptible for 
the drugs used in the present study, as also 
reported on human erythrocytes in an earlier 
study (Sekowska et al., 2006). 

Dropped bacterial count over eggs’ shell 
surface in present study favors the storage of 
eggs at room temperature in option to washing. 
(Theron et al., 2003)recommended the storage 
of eggs at 25˚C after a cold shock of 4 h to 
increase their shelf life. As the public health 

http://www.sciencedirect.com/science/article/pii/S0963996905001675
http://www.sciencedirect.com/science/article/pii/S0963996905001675
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sector is much weak in developing countries and 
unhygienic handling of such contaminated food 
items, especially during cooking etc., when 
hands might be wet enough to dislocate the 
surface bacteria, might be associated with the 
risk of enteric interactions.  

The present study is suggestive for 
formulating recommendations/laws by local 
public health officials to ensure a suitable range 
of period of storage of eggs before they are 
marketed. Obviously the storage period ranges 
have to be worked out for different seasons and 
localities of the country. Such simple regulation 
will add to the efforts to eradicate enteric routed 
infectious diseases among the masses.                
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