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Isolation of total aerobic and pathogenic bacteria from table eggs and its

contents

Siriporn Chaemsanit1, Ali Akbar® and Anil Kumar Anal"

Abstract

Total number of 16 eggs from different farms and markets were collected to isolate the total aerobic
microbial load and the pathogenic bacteria load on its shell and in contents. The aerobic bacteria 118 were
isolated from the samples, out of which 116 from eggshells and 2 from egg contents of single egg sample.
Gram’s positive bacteria (Staphylococcus) were found predominantly present on eggshell. The eggshells were
also found contaminated with pathogenic bacteria (Salmonella and Escherichia coli). Whereas no Escherichia
coli O157:H7 was found on eggshell and contents. Three eggshell samples from farm layers were found
contaminated with E. coli. Two samples were found contaminated with Salmonella one each from farm and
market. Four out of eight (50%) samples from farm layer were found contaminated with pathogenic bacteria,
while only one out of eight (12.50%) from market was found contaminated with pathogens. Eggs from market

were found less contaminated as compared to farm eggs.
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1. Introduction

Foodborne illness is a major public health problem and the main cause of diarrhoeal
diseases affecting all developed and developing countries (Akbar and Anal 2014; Akbar and Anal
2013b). Table eggs are the best and easy source of food, containing quality protein, essential
amino acids, essential vitamins and minerals needed for a good health (MAFF, 2009). Asia is the
largest egg producing region with 65% global outputs (Ernst, 2009). A combined share of egg
production from China, India and Japan are more than 46%. However, China itself is the number
one of the top 10 countries that have provided 38% of the world’s eggs demand in 2011 (Peter,

2011).
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Eggs have natural defense system against the contaminating microbes, such as cuticle,
calcium hard shell and shell membrane (Jerzy and Dagmara, 2009). The albumen contains
several egg white proteins that have antimicrobial properties, especially the lysozyme. Ovomucoid
is another proteinase that inhibits the ability of bacterial to use the protein in albumen.
Furthermore, the pH in albumen which is about 9-10 and the viscosities of the egg white are not
suitable for microbial growth (Froning, 1998). Egg can be contaminated at both egg shell and egg
contents by a variety of microbes with a wide range of pathogens such as Campylobacter jejuni,
Listeria monocytogenes, Escherichia coli, Yersinia enterocolitica and especially salmonella (Ricke
et al., 2001; Board and Tranter, 1995). Staphylococci are most common bacteria contaminating
eggshells. Contamination is more likely linked with cracked egg, dirty shells and storage in
contaminated surroundings. It can be contaminated during formation and laying process (Abdullah,
2010). Elliott (1954) revealed that stored or aged eggs have more possibility to become infected
than fresh eggs due to the degradation of natural defense mechanisms in egg over time.
The eggshell contamination increasing the chances of egg contents contamination by penetration
(Messens et al., 2006). Bacterial contamination can happen at three main parts of egg (egg yolk,
albumen and shell membrane / egg shell) (Bahrouz, 2005). Salmonella enteritidis is able to invade
the cells of the follicles before ovulation and multiply themselves after 2 h of infection (Howard
et al., 2005). Eggs are considered to be a medium to low risk food for foodborne illness which can
become contaminated with bacteria, like Salmonella and other enteric pathogens (Chousalkar
et al., 2010). The most common foodborne pathogens associated with food of animal origin are
Salmonella, Campylobacter, Listeria monocytogenes, Staphylococcus aureus and Escherichia coli
0157 (Akbar and Anal, 2013a; Ghasemian, 2011; Akbar and anal, 2011). In current study a
survey was conducted for enumeration of aerobic bacterial load and the pathogens on eggshells

and in egg contents. The pathogens were also examined for its antibiogram study.

2. Material and Methods
2.1 Sample collection

A total number of 16 shell eggs were collected from eight different places from farm and
markets. Eight shell egg samples were randomly collected from two kind of farms (caged system
and caged-free) on the day eggs were laid, whereas eight eggs were purchased from local and
super markets aseptically in sterile polythene bags. All commercial eggs purchased were less than

4 days old from its date of production. All the samples were process with in 6 h of its collection.
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2.2 Total aerobic bacterial count determination

For surface bacterial count, a swab method was applied following (Loongyai et al. 2010).
The surface of whole egg was swabbed aseptically with sterile cotton swab and then diluted with
normal saline. The samples were further diluted serially and 1 mL of respective dilution was
poured on the surface of nutrient agar (NA) (Himedia, India).

For the enumeration of bacteria in egg contents, samples were first dipped in 75% ethanol
for 5 min and allowed to air dry. The upper end of the egg was flame for 5-10 sec and then holed
with sterilized implement. The whole egg contents were mixed in sterile polythene bag and then
poured on NA after serial dilution for aerobic bacterial count. The inoculated Petri dishes were
incubated at 35+2°C for 24—48 h.

Aerobic bacterial colonies were initially differentiated with the help of its morphology and
Gram’s staining and then sub-cultured on Blood Agar (Biomark, India), McConkey agar (Biomark)
and Mannitol Salt Agar (Himedia). The isolates were further confirmed to genus and species level
with the help of biochemical test such as, catalase, oxidase, cagulase, methyl red, voges-
proskauer, urease, indole, citrate utilization, motility, Lysine decarboxylase (LDC), Lysine
deaminase (LDA), hydrogen sulfide and glucose, lactose fermentation tests. All the isolates were

identified according to bergeys manual of determinative bacteriology.

2.3. Pathogenic bacteria count determination
Salmonella

Egg shell surface and contents (1 mL) were transferred to triptic soya broth (TSB)
(Himedia) and incubated at 35+2°C for 12-18 h. Amount (0.1 mL) of the pre-inoculated TSB was
transferred to Rappaport-Vassiliadis broth (RVB) (Himedia) and incubated at 35+2°C for 24 h.
A loopful of RVB was transferred to Xylose Lysine Deoxycholate (XLD) agar (Himedia) and
incubated at 351+2°C for 24-48 h. Red-pink colonies with or without black center were
presumptively consider Salmonella and were subjected to biochemical confirmation following
bacteriological analytical manual (FDA 2001).
Escherichia coli and Escherichia coli O157:H7

Egg shell surface and contents (1 mL) were transferred to eosin-methylene blue agar after
serial dilution and incubated at 35+2°C for 24-48 h. Colonies with green metallic-sheen were
further confirmed with the help of biochemical tests following bacteriological analytical manual
(FDA 2001). The E.coli colonies were sub-cultured on sorbitol macConkey agar (Himedia) for

E. coil O157:H7 strain confirmation.
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Staphylococcus species
The Gram’s positive colonies from blood agar were sub-cultured on mannitol salt agar

(Himdeia) for Staphylococcus species confirmation.

2.4 Antibiotic sensitivity test

Antimicrobial sensitivity of pathogenic bacteria was performed with the help of disc
diffusion assay using antibiotic discs, Tetracycline (30 ug), Ampicillin (10 pg), Kanamycin (30
pg), Enrofloxacin (5 pg) and Gentamicin (10 pg) (Oxide, UK). The fresh bacterial culture from
non-selective agar were diluted to 108 CFU/mL and spread over mueller-hinton agar (Himedia) and
incubated at 35+2°C for 16—24 h. Zone of inhibition were interpret as per the clinical laboratory

standard institute (CLSI) guideline.

3. Results and Discussion

A total number of 118 aerobic bacterial isolates were isolated from the samples, out of
which 116 were from eggshells and 2 from egg contents of single egg sample. The egg contents
isolates were identified as belonging to the enterobacteriaceae family. The 67/116 isolates were
from farm layer and 49/116 from market layer, respectively, where the 41/67 isolates were Gram’s
positive and 26 Gram’s negative. The 40/49 isolates from market layer were Gram’s positive and 9
Gram’s negative. Gram’s positive bacteria were the predominant flora of eggshells. Gram’s
positive bacteria can tolerate dry and harsh conditions and is present in dust, soil and feces,
which is the major reason of its presence on eggshells (De Reu et al. 2007).

The total aerobic count range of bacteria on eggshell was (2.9 to 6.2 log CFU/mL) in
market layer, whereas 7.2 to 8.0 log CFU/mL in farm layers samples. Only one egg sample
contents from farm layer was found contaminated with 3.0 log CFU/mL of aerobic bacteria. All 116
isolates were belonging to 15 different genus, included Staphylococcus spp., Micrococcus spp.,
Enterococcus spp., Streptococcus spp., Bacillus spp., Corynebacterium spp., Acinetobacter spp.,
Neisseria spp., Salmonella spp., Proteus spp., Citrobacter spp., Escherichia coli, Klebsiella spp.,
Enterobacter spp. and Serratia spp. (Figure 1). Staphylococcus spp. (18.40 in marker and 28.40%
farm layer) and Bacillus spp. (36.70 in market and 10.45% in farm layer) was predominantly found
associated to eggshell. Rajmani and Verma (2011) and Arathy et al., (2009) reported bacteria of

the same genus from eggs in their studies.
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Figure 1 Percentage of total aerobic bacterial species isolated from market and farm eggs

Abdullah (2010) reported the highest degree of eggshell contamination with Gram-positive
bacteria particularly Staphylococcus spp. Eggs laid in dirty environment contained more bacteria
than eggs laid in clean environment (Bruce and Drysdale, 1994). The surrounding environment
and storage condition including temperature and storage duration can influence the level of
bacterial contamination (Stepien, 2010). Board and Tranter (1995) reported that the level of
contamination on egg shells have a wide range of variation from log 2 to log 7 colony forming unit
(CFU) of bacteria per shell. In this study the samples from cage farm were found predominantly
contaminated with aerobic bacteria. Our results are in agreement with the results of (Nordenskjold,
2010). No contamination of Escherichia coli, Escherichia coli O157:H7 and Salmonella spp. was
found in contents in this study.

Three eggshell samples from farm layers were found contaminated with E.coli.
The pathogen Salmonella was isolated from two samples one each from farm and market,
whereas no E.coli was found in market eggs (Figure2). No contamination of E. coli O157:H7 was
found in the samples from farm and market. Four out of eight (50%) samples from farm layer were
found contaminated with pathogenic bacteria, while only one out of eight (12.50%) from market
was found contaminated with pathogens. It was confirmed that the farm eggs are more

contaminated compare to market eggs. The lower contamination rate of market eggs are may be
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because of the cleaning process of eggs before marketing and its hygienic handling. Adesiyun
et al., (2005) reported higher prevalence of E.coli on eggshells from farms compared to eggs from
markets. The antibiogram study of the pathogens from eggshells showed that all the isolates were
sensitive to gentamicin, enrofloxacin, tetracycline and ampicillin whereas, all the isolates showed
intermediate resistance to kanamycin (Table 1) Musgrove et al., (2006) isolated Salmonella and
E.coli from eggs and analyzed for their antibiogram against 16 antibiotics including ampicillin,
tetracycline, gentamicin, and kanamycin. They reported that E.coli (73.20%) and Salmonella
serotypes (34.10%) were susceptible to all antimicrobial used. They reported that some

Salmonella (63.40%) and E.coli (29.90%) isolates exhibited resistance against tetracycline.
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Figure 2 Number of eggs from farm and market contaminated with specific bacterial species

4. Conclusion

It was concluded in the study that eggshells are predominantly contaminated with Gram’s
positive bacteria. The contamination was mostly from farm environment and storage conditions.
It was found that the market eggshells were less contaminated as compared to farm eggs.
Pathogenic bacteria such as Salmonella and E.coli was found in both farm and market eggs.
The egg contents of one egg were also found contaminated with some Gram’s negative bacteria.

It was found that the pathogenic bacteria were not widely resistance to common antibiotics. It was
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concluded that good hygiene practice and proper cleaning of the egg before storage and less

storage timing can minimize the risk of contamination in eggs.

Table 1 Antibiogram of pathogens isolated from table eggs

Isolate Resistance Sensitive
Salmonella (S4) Kan Gen, Enr, Tet, Amp
Salmonella (S11) Kan Gen, Enr, Tet, Amp
E.coli (E9) Kan Gen, Enr, Tet, Amp
E.coli (E10) Kan Gen, Enr, Tet, Amp
E.coli (E15) Kan Gen, Enr, Tet, Amp
Note: Gen: Gentamicin, Enr: Enrofloxacin, Kan: Kanamycin, Tet: Tetracycline, Amp: Ampicillin.
(S4), (S11) = Identification codes for Salmonella spp.
(E9), (E10), (E15) = Identification codes for Escherichia coli
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