
International Journal of Environmental & Agriculture Research (IJOEAR)           ISSN:[2454-1850]              [Vol-8, Issue-3, March- 2022] 

Page | 28  

Isolation and Identification of Pathogenic Bacteria from Table 

Egg (Eggshells) Sold in Benghazi Market, Libya 
Abdalla Mohammed Abdalla Mansour

1
, Adel Mohamed Milad Ishlak

2*
, Mohamed 

Ahmed Hamid Toweir
3 

1Department of the Food Science and Technology, Faculty of Agriculture, University of Benghazi. Libya 
*2Department Animal Production, Faculty of Agriculture, University of Benghazi. Libya 

3Department of the Food Science and Technology, Faculty of Agriculture, Omar Al-Mukhtar University. Libya 

*Corresponding Author 

 

 

 

 

 

Abstract— This study aimed to conduct a microbial survey of the table eggs (eggshells) sold in the markets of Benghazi city 

and to identify some pathogenic bacteria. Samples collected from the markets of Benghazi city, which were divided into five 

sectors (Bouhdima (A), Al-Laithi (B), Hay-Al-Salam region (C), Twenty Street (D), Suburbs of Benghazi (E)). The eggs were 

bought from several stores in each sector randomly, where twenty samples were collected (four from each sector) with three 

random replications each. The results showed significant differences (P < 0.05) between the sectors. According to this study, 

80 % of pollutants are from the Enterobacteriaceae family, which includes E. coli, Enterobacter sp., Klebsiella sp., Proteus 

sp., and Citrobacter sp., and 20 % are from the genera (Streptococcus sp., Pseudomonas sp. and Salmonella Sp.).our results 

showed that the mean total number of aerobic bacteria, coliform bacteria, and Staphylococcus aureus bacteria were 4.2 X 

104, 3.9 X 105, 4.4 X 105  CFU / egg respectively. Salmonella bacteria were isolated from eggshell samples at the Benghazi 

suburbs markets (sector E) (7.0 % from isolated samples). From farm to consumer, the study underlines the importance of 

encouraging eggshell bacterial contamination prevention strategies. 
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I. INTRODUCTION 

In the previous two decades, the production and consumption of global chicken eggs have demonstrated amazing, broad, and 

comprehensive dynamics. [1]. Every year, more than 50 billion chickens are farmed for food, both for meat and for eggs. [1]. 

In the same vein, in 2012, Asia, America, Europe, Africa, and Oceania had roughly 21.2 billion chickens (90 percent of 

global egg output). (12.0, 5.28, 2.01, 1.79, 0.13, and 0.13, respectively)[2]. 

Eggs have a very stable composition in terms of total protein, essential amino acids, total lipid, phospholipids, phosphorus, 

and iron [1]. Egg proteins, at about 6.5 g per egg, appear to contain an adequate quantity of the 9 essential amino acids for 

human health: histidine, isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan, and valine [3]. 

Furthermore, eggs contain around 70 mg of omega-3 (n-3) fatty acids and 200 mg of cholesterol. [1]. Also, according to 

Zaheer, egg contains both water-soluble and fat-soluble vitamins, such as (B vitamins; thiamine (B1), riboflavin (B2), 

pantothenic acid (B5), pyridoxine (B6), biotin (B7), folate (B9), cobalamin (B12), choline, and vitamins A, D, E, and K,) in 

relatively high amounts; levels of B5, B9, A, and D are moderate [1]. 

There are two possible routes for germs to invade eggshells: vertically or horizontally. [4]. Vertical transmission or ascending 

transmission infection from contaminated cloaca into the vagina and lower oviduct occurs in the reproductive organs of 

infected hens from infection of the ovaries by systemic infection. [5,6]. When eggs are exposed to a contaminated 

environment and bacteria breach the eggshell, horizontal transmission occurs [4]. Staphylococcus aureus, Salmonella spp., 

Streptococcus spp., Escherichia coli, Bacillus spp., and Listeria monocytogenes were among the bacteria detected on the 

eggshell [7]. According to Indhu et al., 2014, Salmonella spp., E.coli., Campylobacter, Staphylococcus aureus, and Coliform 

were detected on eggshells based on biochemical data and microscopic examination [8]. In the same context, the researchers 

reported that microbial species isolated from eggshells were Enterobacter aerogenes, Escherichia coli, Citrobacter freundii, 
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Bacillus cereus, Enterococcus faecalis and Proteus mirabilis for the bacterial isolates [9]. The goal of this study is to look for 

harmful bacteria on an eggshell from table eggs sold in Benghazi and estimate the bacterial contamination of eggshells. 

II. MATERIALS AND METHODS 

2.1 Sample collection 

 Egg samples were collected from the markets of Benghazi city, which were divided into five sectors (Bouhdima (A), Al-

Laithi (B), Hay-Al-Salam region (C), Street twenty (D), suburbs of Benghazi (E)). The eggs were bought from several stores 

in each sector randomly, where twenty samples were collected (four from each sector) with three random replications each. 

Egg samples were taken from exposed cardboard packaging and transported to the Faculty of Agriculture Laboratory in 

Benghazi in sterile closed plastic bags, where microbiological testing was performed immediately. 

2.2 Sample preparation:  

The microbial content on the eggshells was estimated according to the method AOAC [10], prepared sterilized bottles each 

containing 100 ml Peptone water. The content of each bottle poured into a polyethylene bags containing the repeater of each 

sample (egg) in sterile conditions and shake carefully at the corner of the bag for five minutes with rubbing by hand [11]. The 

liquid medium returned to the bottles and the first dilution was considered 10-1. The remaining decimal point dilutions were 

completed to the 10
-6

 dilution [10]. The culture media required for microbial counting and examination, biochemical testing, 

and differential media were prepared and sterilized according to the manufacturer's instructions OXOID / UK. 

Colonies were tested on selective and differential media using gram stain, morphological and several biochemical tests 

(motility test, catalase test, oxidase test, citrate test, Indole test, MRVP tests, triple sugar iron (TSI) agar, Brilliant green 

broth, lactose broth test) [12-14]. Bacterial species were identified according to the Bergy’s manual of determinative 

bacteriology 9th ed. [15]. 

2.3 Statistical analysis:  

The experiment was performed a Completely Randomized Design with three replications.  Statistical analysis was conducted 

using Statistical Package for Social Science version 23 (SPSS/ IBM). ANOVA and LSD test (P ≤ 0.05) were applied to 

compare (mean) between sectors. 

III. RESULTS 

The results show (Table 1) that the mean total number of aerobic bacteria on the shells of table eggs tested was 7.7 106 

CFU/egg in samples from the second sector B, with the maximum amount (the upper limit of the total number of microbes) 

being 7.7 106 CFU/egg. The mean total number of bacteria was 4.2 × 105 CFU / egg. The number of aerobic bacteria per egg 

ranged from 7.4 102 to 7.6 106 CFU/egg, with a total mean of 4.2 105 CFU/egg. 

TABLE 1 

 THE MEAN AND LIMITS OF THE TOTAL NUMBER OF BACTERIA POLLUTION ON THE EGGSHELLS TO EACH 

SECTOR 

Means* Upper limits Lower limits Sectors 

2.59 ×10
4
 b 5.7 × 10

4
 1.5 × 10

4
 Sector  A 

1.81 × 106 a 7.7 × 106 7.4 × 102 Sector  B 

5.87 × 104 b 3.2 × 105 1.5 × 103 Sector  C 

1.03 × 105b 3.3 × 105 1.5 × 103 Sector  D 

7.65 × 104b 2.8 × 105 7.5 × 102 Sector  E 

4.2 × 105 7.6 × 106 7.4 × 102 Means** 

*
 Means counts with the different letters are significantly different at p≤0.05. 

** Means for all Sectors 

Figure 1 depicts, the frequency distribution of total bacteria counts on the eggshell revealed that the majority of the samples 

had a total bacterial count in the range of 103 to 104 (38.3% of the samples), followed by 104 to 105 (28.3% of the samples). 
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FIGURE 1:  Frequency distribution of total bacteria counts on the eggshell 

The mean number of coliform bacteria per egg (all sectors) was 3.85 104 CFU/egg, with a range of 6.5 102 to 4.0 105 

CFU/egg (Table 2). Although there were no significant differences (P < 0.05) across all sectors in the coliform bacteria data 

(table 2). 

TABLE 2 

AVERAGES AND LIMITS OF THE TOTAL NUMBER OF COLIFORM POLLUTION ON EGGSHELLS TO EACH 

SECTOR 

Means* Upper limits Lower limits Sectors 

2.05 × 104 5.6 × 104 6.5 × 102 Sector  A 

8.16 × 104 4.0 × 105 1.0 × 103 Sector  B 

2.56 × 104 5.0 × 104 9.0 × 102 Sector  C 

3.37 × 104 7.7 × 104 7.5 × 103 Sector  D 

3.13 × 104 7.7 × 104 7.5 × 103 Sector  E 

3.85 × 104 4.0 × 105 6.5 × 102 Means** 

*Means counts with the different letters are significantly different at p<0.05. 

** Means for all Sectors. 

The frequency distribution of the total number of coliform bacteria on the eggshells is shown in Figure (2), where it was 

discovered that 61.7 % of the samples had numbers of coliform bacteria at a level of 104 - 105, which is a high percentage 

when compared to total bacteria counts. 

 

 

 

 

 

 

 

 

 

 

FIGURE 2: Frequency distribution of total Coliform number on the eggshell 
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Table 3 shows significant differences (P< 0.05) in the overall number of Staphylococcus aureus between the five areas. The 

average total number of Staphylococcus aureus CFU/egg was 4.4 X 105 CFU/egg, with the lowest and highest limits of the 

total number of Staphylococcus aureus CFU/egg being 1.0 X 104 and 2.5 X 106 CFU/egg, respectively. 

TABLE 3 

AVERAGES AND LIMITS OF STAPHYLOCOCCUS AUREUS BACTERIA POLLUTION ON EGGSHELLS TO EACH 

SECTOR. 

Means* Upper limits Lower limits Sectors 

9.42 × 104b 2.2 × 105 1.0 × 104 Sector  A 

7.52 × 10 5a 2.5 × 106 2.0 × 104 Sector  B 

2.55 × 105b 4.25 × 105 2.0 × 104 Sector  C 

5.60 × 105ab 1.7 × 106 9.0 × 104 Sector  D 

5.96 × 10
5
ab 2.3 × 10

6
 9.0 × 10

4
 Sector  E 

4.41 × 105 2.5 × 106 1.0 × 104 Means** 

* Means counts with the different letters are significantly different at p<0.05. 

**Means for all Sectors. 

The frequency distribution of the total Staphylococcus number on the eggshell is shown in Figure (3). When compared to 

coliform bacteria, 60 percent of the samples were contaminated with staphylococcus bacteria at a level of 105-106, it is a high 

percentage. 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 3: Frequency distribution of total Staphylococcus number on the eggshell 

Table (4) displays the several types of Gram bacteria (positive and negative) that were isolated from eggshell samples sold in 

Benghazi marketplaces, as well as the percentage of each species. E. coli was found in 18 isolates, accounting for 36% of the 

total. Escherichia coli was found to be the most common species among the isolates. It was isolated from all sectors in 

various degrees. Citrobacter sp. was found in variable quantities and at 20% in ten isolates from various sectors. In the 

experiment, Enterobacter sp., Proteus sp., and Streptococcus sp. were found in10 % of the isolates. Klebsiella sp. and 

Pseudomonas sp. were the bacteria with the lowest number of isolates. They were discovered in two isolates at 4% each, 

while Salmonella sp. was found in three isolates at 6% each. 
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TABLE 4 

 PERCENTAGE AND TYPE OF ISOLATED BACTERIA OF EGG SAMPLES SOLD IN BENGHAZI MARKETS. 

Identification 

Sector A 

Isolates 

(%) 

Sector B 

Isolates 

(%) 

Sector C 

Isolates 

(%) 

Sector D 

Isolates 

(%) 

Sector E 

Isolates 

(%) 

Number of 

isolation 

Percentage 

of 

isolation 

E. coli 6 3 2 4 3 18 36% 

Enterobacter spp. 0 2 0 1 2 5 10% 

Citrobacter spp. 1 3 3 2 1 10 20% 

Klebsiella spp. 0 1 0 1 0 2 4% 

Proteus spp. 2 0 1 1 1 5 10% 

Pseudomonas spp. 1 0 1 0 0 2 4% 

Salmonella spp 0 0 0 0 3 3 6% 

Streptococcus spp 1 2 0 0 2 5 10% 

Total 11(22 %) 11(22 %) 7(14 %) 9 (18 %) 12(24 %) 50 100% 

IV. DISCUSSION 

The results shown in (Table1) showed the range number of aerobic bacteria was 7.4 × 102 to 7.6 × 106 CFU/ egg, the total 

mean 4.2 × 105 CFU/egg. These results in agreement with several studies. The total aerobic count range of bacteria on 

eggshells was 2.9 to 6.2 log10 CFU/ml (7.94 x 102 to 1.58 x 106 CFU/ml) in the market layer, according to Chaemsanit et al. 

[16]. In the same context, researchers stated the significantly (P ˂ 0.01) higher average eggshell contamination by aerobic 

bacteria in eggs coming from alternative housing systems as compared to those coming from conventional ones, in particular, 

5.46 (2.88 × 105) against 5.08 (1.20 × 105) log10 CFU/ eggshell [17]. 

At the probability level of p < 0.05, statistical analysis of these results revealed that sector B has substantial differences in 

microbial contamination from the other sectors, but no significant differences between the other sectors. This demonstrates 

that despite considerable disparities between the components of each sector separately, there is no difference in the 

application of health conditions in the supply of eggs in all five sector stores.Enterobacteriaceae, our results are slightly 

higher than  Folorunsho & Charles [18] results, they scored 0.9 to 1.8 × 102 CFU/ml in fresh, unwashed egg samples, while 

the number decreased to 1 ×102 CFU/ml in the washed eggs. Similarly, Yazji & Azizieh  [19] found 1×103 CFU/ml.  

The mean number of coliform bacteria per egg in our study ranged from 6.5× 102 to 4.0 × 105 CFU/egg, with the mean being 

3.85 × 104 CFU/egg. The number of coliform bacteria in the analyzed samples varied from 104 to 105 CFU/egg, suggesting 

significant levels of bacterial contamination. This suggests that hygienic requirements are not being followed in the farm or 

markets to keep eggs clean and free of contamination. 

Stȩpień-Pyśniak (2010) found an elevated level of Enterobactereaceae on table eggs and isolated 12 types [20]. Moreover, 

Abdel-Latif & Saad, (2015) reported that the upper limit of the population of Staphylococcus aureus was 8 × 108 and an 

average was 1.94 × 107 CFU /g.  [21].  El- kholy reported that Staphylococcus aureus in 13% of positive samples [22]. 

Contamination of poultry sheds, water used for cleaning, and risky behavior of laying hen farm employees are the primary 

factors behind the occurrence and existence of E. coli, which contaminate eggshells. The bacteria Enterobacteriaceae, which 

included E. coli, Enterobacter spp., Klebsiella spp., Proteus sp., and Citrobacter spp., were the most infected eggshell isolates 

in the five sectors, accounting for 80 percent of the overall isolated and identified samples. The remaining three genera 

(isolated and identified) Streptococcus sp., Pseudomonas sp., Salmonella sp. is not from the Enterobacteriaceae family and 

has been isolated in other studies[20–28]. 

V. CONCLUSIONS 

The findings of the study reveal that egg samples sold in Benghazi markets were contaminated with salmonella and that the 

presence of salmonella in the sector isolated bacteria (E), which is considered one of the most serious effects on community 

health in other areas of the world. The experiment discovered that in the city of Benghazi, customer-accessible table eggs are 

contaminated with a variety of germs, many of which are classified as foodborne diseases and are harmful to public health. 

Employees' dangerous actions in poultry farms, during storage, and the surrounding environment all contribute to microbial 

contamination, putting the customer at risk of disease infection. One of the common tasks that healthcare institutions should 

implement is the development of effective and consistent safety measures in the city's marketplaces and businesses. In 
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addition, the producer and seller must store the eggs in special refrigerators at appropriate temperatures to prevent microbial 

contamination of the table eggs sold in markets. In a future study, we will investigate the role of microbial content on table 

eggshells in transmitting diseases to foods processed using it, the relationship between content density and the rate of food 

contamination, and the severity of public health. 
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