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Abstract

In Libya, ready to eat (RTE) vegetables are most used at restaurants and home.
Therefore, it is very important to examine possible Escherichia coli (E. coli) contamination
in RTE vegetables. This study aimed to isolate E. coli from RTE Vegetables. The antimicrobial

sensitivity of E. coli obtained from RTE vegetables was as well performed using 6 usually used
antibiotics. Three samples (Lettuce, watercress, and parsley) were collected from Zawia and
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Surman cities, using media of MacConkey agar and nutrient agar. These samples were analyzed
to detect the presence of E. coli. Identification and characterization of E. coli isolates were
performed using analytical profile index ABI 20 E. Using the Kirby-Bauer disc diffusion
method, antimicrobial susceptibility was determined. Thirty-five (58.3%) of samples showed a
positive result of the presence of E. coli, highest percentage (42.86%) was isolated from
watercress followed by parsley and lettuce (28.57%) for each one. Highest percentage (71.4%)
was isolated from Zawia City, while the lowest percentage (28.6%) was isolated from Surman
City. The findings revealed that 35 isolates (100%) were resistant to Augmentin and five isolates
(14.29%) were resistant to Amikacin as well.

This revealed that 58.3% of RTE vegetable samples were contaminated with E. coli and
the isolates highly resistant to Augmentin (100%) could be hazardous for community health.
Keywords: Antimicrobial sensitivity, Escherichia coli, Ready to eat vegetable.

1. Introduction

Ready-to-eat (RTE) vegetables such as Lettuce, watercress and parsley are fresh products
subjected to low processing to preserve their freshness. Their production technique is very
simple and does not require severe treatments or the use of preservatives (Ragaert et al., 2007,
pl71).

The RTE vegetables are popular around the world as they are an essential source of vitamins,
nutrients, and fiber for people. Consumption of fresh vegetables has been linked to an increase
in outbreaks of foodborne illnesses (Callejon et al., 2015, p32).

The process of producing fresh produce is complex and includes numerous important steps
where microbiological safety may be impaired. As a result, microbial contamination may occur
at any step in the farm-to-consumer supply chain (production, harvest, fresh-cut processing,
wholesale storage, transportation, or retailing and handling in the home), and it may occur from
a wide range of sources, including the environment, animals, or people [FAO/WHO, 2010].

Escherichia coli (E. coli) is a gram negative bacteria that belong to the
Enterobacteriaceae family (Gritli et al., 2015, p899) and has been isolated from vegetables,
including Lettuce, watercress and parsley (Abakpa et al., 2018, p80, Painter et al., 2013, p407).
E. coli contamination of fresh produce may occur from water and soil [Chekabab et al., 2013,
pl, Solomon et al., 2002, p397]. In most developing countries, including Libya, there is usually
inadequate oversight and examination of E. coli levels in food that sold in the market,
particularly salad vegetables. This could be harmful, especially if the people are unaware of the
situation. Several studies have demonstrated presence of pathogenic E. coli in fresh vegetables
and fruits (Kim et al., 2014, p.367, Moses et al., 2016, p22).

Antibiotic resistance in pathogenic and commensal microorganisms has emerged as one of the
most serious global health issues of the twenty-first century. Antibiotic resistance is common in
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bacterial isolates from developing nations as a result of antibiotic abuse and misuse (Bailey et
al.,2010, p9, Chantziaras et al., 2014, p.225, Schroeder et al., 2017).

Commensal E. coli inhabits the intestines of many mammals, including humans, and serves as
a possible reservoir for antimicrobial resistance genes, as well as playing an important role in
the ecology of antimicrobial resistance in bacterial populations. The incidence of resistance in
commensal E. coli is a potential indication of antibiotic resistance in community bacteria
(Phongpaichit et al., 2008, p279, Al-Saedi et al., 2017, p1).

2. Methodology

The study was carried out from March to July of 2022 and the analysis of isolates took place at
Surman Technology University Laboratory, Surman City, Libya.

2.1 Sample collection and microbiological analysis of vegetables.

Sixty samples of RTE vegetables including Lettuce, watercress, and parsley were aseptically
collected from different places, traditional market in Zawia and Surman Cities, Libya. They
were then aseptically chopped into smaller pieces using a sterile scalpel. Each 25 grams of the
leafy vegetable samples was transferred aseptically to 225 ml of sterile buffered peptone water
(BPW) 0.1% (w/v) using sterilized forceps and shacked for 3 min by a shaker (Shalini, 2010).
Serial dilutions were prepared in normal saline (0.85% NaCl) from original homogenized, and
then the appropriate dilutions (in duplicate) were placed on MacConkey agar to identify the
lactose fermenting colonies. A portion of an isolated colony was streaked on nutrient agar and
aerobically incubated at 37 °C for 24 hours to obtain pure cultures.

2.2 ldentification of E. coli isolates using analytical profile index ABI 20 E.

API 20E was used as a standardized identification system for Enterobacteriaceae and other
Gram-negative rods (Salah et al., 2019, p8, Wayne, 2005). To identify E. coli, pure E. coli
isolates were sub-cultured on nutrient agar and incubated at 37°C for 18-24 hours. Isolates were
identified using the numerical profile of API 20E that was observed.

2.3 Antibiotic Susceptibility test

All isolates were tested for antibiotic susceptibility using the Kirby-Bauer disc diffusion method.
Ceftriaxone 30 g (CRO), Amikacin 30 g (AK), Augmentin (amoxicillin + clavulanic acid) 20/10
g (AMC), Levofloxacin 5 g (LEV), Ciprofloxacin 5 g (CIP), and Imipenem 10 g (IPM) are
examples of regularly used antibiotics. The susceptibility test was performed using Mueller-
Hinton agar and McFarland 0.5 from overnight cultures, followed by an incubation period of 24
hours at 37 °C. After incubation, inhibition zone diameters were determined with a millimetric
ruler. CLSI guidelines (Soriano et al., 2006) were used to interpret the inhibition zone.
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3. Results

3.1. Isolation and characterization

Lactose and non-lactose fermenting E. coli colonies were grown on MacConkey agar. Lactose-
fermenting isolates formed pink to red colonies. Non-lactose fermentation colonies were
colorless.

3.2. Results of using API 20 E in identification

Using the API 20 E method, 35 (58.3%) of the isolates were identified as E. coli (Table 1).

Table 1. Distribution of according to API 20 E.

Sample No. of examined samples | No. of positive | % of positive
Lettuce 10 10 100
watercress 15 15 100
parsley 10 10 100

3.3. Prevalence of E. coli

A total of 35 (58.3%) of positive results for E. coli were isolated from 60 samples of RTE
vegetables, highest percentage (42.86%) was isolated from watercress followed by parsley and
lettuce (28.57%) for each one (Fig. 1). Highest percentage (71.4%) was isolated from Zawia
City, while the lowest percentage (28.6%) was isolated from Surman City (Fig. 1).
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Fig. 1: Number of E. coli isolated from different vegetables and places.
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3.4. Antibiotic susceptibility test

Susceptibility tests of the 35 E. coli isolates revealed that all of them were Augmentin resistant
(100%). Five isolates (14.29%) were also resistant to Amikacin. All E. coli isolates showed
susceptible to Ceftriaxone, Levofloxacin, Ciprofloxacin and Imipenem (100%) (Fig. 2).
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Fig. 2: A graph showing percentage resistance of E. coli isolates.
4. Discussion

Fresh vegetables can act as a major source and vehicle for the transmission of foodborne disease
despite their nutritional and health benefits because they are typically exposed to microbial
contamination throughout the supply chain, from the stage of production on the farm to the stage
of selling in the market, even at the serving preparation stage by consumers before they consume
it (Atwill et al., 2015, p240). The microbial contamination of fruits and vegetables can result
from a variety of sources. Direct or indirect microbial contamination can happen during pre-
harvest, harvesting, and post-harvest handling.

The present study revealed that 35 out of 60 RTE Vegetables samples were contaminated with
E. coli (58.3%). Watercress showed the high contamination (42.86%), followed by parsley and
lettuce (28.57%) (Fig. 1). Watercress is mostly consumed in raw forms in salad cuisines and
therefore have higher risk of microbial transmission and health hazard to the community.

The fact that leafy vegetables are typically produced and harvested near to the soil may be the
cause of this high bacterial level. As a result, the crops might be more readily exposed to
contaminated soil, irrigation water, manure, and associated soil splash (Avcioglu et al., 2011,
p189).
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Contrary to those with smooth surfaces, leafy vegetables and/or vegetables with uneven surfaces
make it easier for E. coli colonies to attach to the surface on the farm or when washed with
contaminated water (Ayed et al., 2009, p393, Alemu et al., 2019, p410).

The rate of contamination by E. coli (58.3%) found in the present study was higher than those
reported by (Sagoo et al., 2003, p403) for vegetable salads from United Kingdom (1.3%), by
(Abadias et al., 2008, p121) for samples of fresh chopped vegetables in Spain (11.4%) and by
(Prado et al., 2008, p221) in Brazilian samples of minimally processed vegetables. However, in
contrast, (Srisamran et al., 2022, p13) found a similar prevalence of E. coli contamination in
conventional and organic fruits and vegetables that were sold in retail marketplaces [56.1%].

The current analysis revealed that watercress (42.86%) showed a high contamination level and
recorded greater rates, due to its irregular surfaces, which enable bacteria attach to it more
readily.

Several Egyptian investigations obtained findings that different form the current study.
Watercress had a 55.7% E. coli contamination rate, according to (Etewa et al., 2017, p192) in
the Sharkia Governorate. The most contaminated vegetable, according to (Eraky et al., 2014,
p7) in the Qualyobia Governorate, found that lettuce was the most contaminant vegetable
(45.5%), followed by watercress (41.3%). On the other hand, (Hassan et al., 2012, p500) from
a study in Alexandria found lower rates of the prevalence of E. coli (11.2%).

It is known that antibiotic-resistant bacteria or the resistance genes that control them may spread
from animals to people through the food chain (Boehme et al., 2004, p522). Since epiphytic
bacteria can develop antibiotic resistance as a result of the frequent use of antibiotics in
agriculture, soil treated with organic fertilizers like sewage sludge and manure, and
contaminated irrigation water, raw vegetables may play a role in this phenomenon. These
elements could result in the contamination of plants with resistant bacteria from human or
animal sources (De la Cruz & Davies, 2000, p128, Boehme et al., 2004, p522).

From antimicrobial susceptibility testing of 35 E. coli isolates, 35(100%) were resistant to
Augmentin, 5 (14.29%) were resistant to Amikacin, 30 isolates (85.71%) were susceptible to
Ceftriaxone, Levofloxacin, Ciprofloxacin and Imipenem (Fig. 2). These results were similar
to that documented by (Poudel et al., 2020, p88) who reported that 94% of E. coli isolates from
raw salad vegetables were resistant to amoxicillin + clavulanic acid. These results were similar
to that documented by (Poudel et al., 2020, p88) who reported that 94% of E. coli isolates from
raw salad vegetables were resistant to amoxicillin + clavulanic acid. On the contrary, according
to (Marwa et al., 2012, p176) the majority of E. coli isolates from food were sensitive
Augmentin.

Due to constant use of antibiotics by humans, there is an increasing resistance to them,
veterinary and agriculture medicine which creates certain stresses that support the existence of
antibiotic resistant bacteria (Heuer & Smalla, 2007, p3).
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Conclusion

Out of the 60 RTE vegetable samples examined in this study, 58.3% of the vegetables were
contaminated with E. coli and some isolates were found to be resistant to multi-drugs and
presented high risk factors for public health. Contamination itself reflects poor hygiene quality
that may be related to substandard agriculture, handling, packaging, and marketing practices.
Better monitoring programs are necessary to prevent the potential epidemics as fresh perishables
are now substantially linked to bacterial infection.

References

310

A., Gritli, 1., Belkahla M., Ben Moussa and M. S. Abbassi, (2015). Occurrence and
characterization of Escherichia coli in raw lettuce consumed in a military hospital.. J.
New Sci.11: 899- 907.

Abadias, M., Usall, J., Anguera, M., Solsona, C. and Vinas, 1. (2008). Microbiological
quality of fresh, minimally processed fruit and vegetables, and sprouts from retail
establishments. International Journal of Food Microbiology 123(1-2): 121-129.

Alemu, G, Mama, M, Misker, D, Haftu, D, (2019). Parasitic contamination of vegetables
marketed in Arba Minch town, southern Ethiopia. BMC Infect. Dis.19:410-6.

Al-Saedi, F.; Vaz, D. P.; Stones, D. H. and Krachler, A. M. (2017). Commensal adhesin
enhances E. coli retention by mucin, while mucin desulfation by mucin-foraging bacteria
enhances its transmigration through the mucus barrier. International; J., 11:1-18.

Atwill ER, Chase JA, Oryang D, Bond RF, Koike ST, Cahn MD, Anderson M, Mokhtari
A, Dennis S. (2015). Transfer of Escherichia coli O157:H7 from simulated wildlife scat
onto romaine lettuce during foliar irrigation. Journal of Food Protection 78(2):240-247.
Avcioglu, H, Soykan, E, Tarakci, U, (2011. Control of helminth contamination of raw
vegetables by washing. Vect-bor. Zoon. Dis. 11:189-91.

Ayed, LB, Schijven, J, Alouini, Z, Jemli, M, Sabbahi, S, (2009). Presence of parasitic
protozoa and helminth in sewage and efficiency of sewage treatment in Tunisia.
Parasitol. Res. 105: 393-406.

Bailey, J. K.; Pinyon, J. L.; Anantham, S. and Hall, R.M. (2010). Commensal Escherichia
coli of healthy humans: a reservoir for antibiotic-resistance determinants. Journal of
Medical Microbiology. 48 (9).

Boehme S, Werner G, Klare I, Reissbrodt R, Witte W. (2004). Occurrence of antibiotic-
resistant enterobacteria in agricultural foodstuffs. Molecular Nutrition and Food
Research. 48:522-531.

Callejon, R. M., Rodriguez-Naranjo, M. 1., Ubeda, C., Hornedo-Ortega, R., Garcia-
Parrilla, M. C., and Troncoso, A. M. (2015). Reported foodborne outbreaks due to fresh
produce in the United States and European union: Trends and causes. Foodborne
pathogens and disease, 12, 32-38.

Isolation, Identification and Sensitivity of Escherichia Coli from Fresh Vegetables in
Zawia and Surman City, Libya



(2020 — 472 :p3; Bolg 3 yalt I Jalas) - (ISSN: 2706 — 9087) - (2020/95 - Joxall glasYl o))

Journal of Humanitarian and Applied Sciences — duiulailly A6LuSYI pglall dxe g
byl dnalr — 5LV b pglally LIS 40

Volume 8 — Issue 16 16 saall — 8 ulxall

311

Chantziaras, I.; Dewulf, J.; Boyen, F.; Callens, B. and Butaye, P. (2014). Antimicrobial
resistance prevalence of pathogenic and commensal Escherichia coli in food-producing
animals in Belgium. Vlaams Diergeneeskundig Tijdschrift., (83): 225-233.

Chekabab SM, Veillette JP, Dozois CM, Harel J. (2013). The ecological habitat and
transmission of Escherichia coli 0157:H7. FEMS Microbiol Lett;341:1-12.

De la Cruz F, Davies J. (2000). Horizontal gene transfer and the origin of species: lessons
from bacteria. Trends in Microbiology. 8:128-133.

Eraky, MA, Rashed, SM, Nasr, ME, El-Hamshary, AM, El-Ghannam, AS, (2014).
Parasitic contamination of commonly consumed fresh leafy vegetables in Benha, Egypt.
J. Parasitol. Res. 2014:613960. P7.

Etewa, SE, Abdel-Rahman, SA, Fathy, GM, Abo El-Maaty, DA, Sarhan, MH, (2017).
Parasitic contamination of commonly consumed fresh vegetables and fruits in some rural
areas of Sharkyia Governorate, Egypt. Afro-Egypt J. Infect. End. Dis. 7, 4:192-202.

G. O. Abakpa, V.J. Umoh,Kamaru zaman, M. Ibekwe. (2018). Fingerprints of
resistant Escherichia coli O157:H7 from vegetables and environmental samples J. Sci.
Food Agric, 98 pp. 80-86.

Hassan A, Farouk H, Abdul-Ghani R. (2012). Parasitological contamination of freshly
eaten vegetables collected from local markets in Alexandria, Egypt. A preliminary study.
Food Control; 26(2): 500-503.

Heuer, H. and Smalla, K. (2007). “Horizontal gene transfer between bacteria”,
Environmental Biosafety, Vol. 6 Nos 1/2, pp. 3-13.

J.A.Painter, R.M. Hoekstra, T. Ayers, R.V.Tauxe, C.R. Braden, F.J. Angulo, P.M.
GRIFFIN. (2013). Attribution of food borne illnesses, hospitalization, and deaths to food
commodities by using outbreak data, United States, 1998-2008 Emerg. Infect.
Dis, 19 pp. 407-415.

Kim HJ, Koo M, Jeong AR, et al. (2014). Occurrence of pathogenic Escherichia coli in
commercially available fresh vegetable products in Korea. J Korean Soc Appl Biol
Chem; 57:367.

Marwa EAA, Tamer ME, Magdy AM. (2012). Antibiotic resistance profile of E. coli
strains isolated from clinical specimens and food samples in Egypt. Int. J. Microbiol.
Res. 3(3): 176 -182.

Moses AE, James RA, Ekanem US. (2016). Prevalence of Escherichia coli O157 in
fruits, vegetables and animal fecal waste used as manure in farms of some Communities
of Akwa Ibom State-Nigeria. Central Afr J Public Health; 1:22-27.

P.A. Wayne, Clinical and Laboratory Standard Institute, Performance standards for
antimicrobial susceptibility testing. In: 15th informational supplement. CLSI/ NCCLS
M100-S15.Wayne, 2005, Clinical and Laboratory Standard Institute (2005) M100-S15.
Phongpaichit, S.; Wuttananupan, K. and Samasanti, W. (2008). Class 1 integrons and
multidrug resistance among Escherichia coli isolates from human stools. Southeast
Asian J Trop Med Public Health; 39 (2):279-287.

Isolation, Identification and Sensitivity of Escherichia Coli from Fresh Vegetables in
Zawia and Surman City, Libya



Journal of Humanitarian and Applied Sciences — duiulailly A6LuSYI pglall dxe
(2020 - 472 33y Bolg g yall S Jalas) - (ISSN: 2706 — 9087) — (2020/95 - Joxall glusY! 03))
byl dnalr — 5LV b pglally LIS 40

Volume 8 — Issue 16 16 saall — 8 ulxall

312

Poudel, R., Gautam, N., Nepal, K., Lekhak, B., & Upreti, M. K. (2020). Microbiological
Quality and Antibiogram Assessment of Bacterial Pathogens Isolated from Raw Salad
Vegetable Samples of Kathmandu Valley. Himalayan Journal of Science and
Technology, 4, 88-95.

Prado, S.P.T., Ribeiro, E.G.A., Capuano, D.M., Aquino, A.L., Rocha, G.M. and
Bergamini, A.M.M. (2008). Microbiological and parasitic quality and labeling adequacy
of minimally processed vegetables commercialized in Ribeirdo Preto, SP/Brazil. Revista
do Instituto Adolfo Lutz 67(3): 221-227.

Ragaert P., Devlieghere F., Debevere J., (2007). Role of microbiological and
physiological spoilage mechanisms during storage of minimally processed vegetables.
Postharvest Biology and Technology. 44, 185-194.

Sagoo, S.K., Little, C.L., Gillepsie, I.A. and Mitchell, R.T. (2003). Microbiological study
of ready-to-eat salad vegetables from retails establishments uncovers a national outbreak
of salmonellosis. Journal of Food Protection 66(3): 403-409.

Salah F.D, Soubeiga S.T, Ouattara A.K, Sadji A.Y, Metuor-Dabire A, Obiri-Yeboah D,
Banla-Kere A, Karou S, Simpore J. (2019). Distribution of quinolone resistance gene
(gnr) in ESBL-producing Escherichia coli and Klebsiella spp in Lomé,
Togo. Antimicrob. Resist. Infect. Control. 8:104.

Schroeder, M.; Brooks, B. and Brooks, A. E. (2017). The Complex relationship between
virulence and antibiotic resistance. Genes; 8(39):1-23.

Shalini, S. (2010). Study on Microbiological Aspects of Fresh Fruit and Vegetables
(Including Green Leafy Vegetables) in and around National Capital Region (NCR),
Bhaskaracharya College of Applied Sciences Cheesbrough M. District Laboratory
Practice in Tropical Countries. 2nd ed. Cambridge, UK: Cambridge University Press;
2006.

Solomon EB, Yaron S, Matthews KR. (2002). Transmission of Escherichia coli O157:H7
from contaminated manure and irrigation water to lettuce plant tissue and its subsequent
internalization. Appl Environ Microbiol; 68(1):397-400.

Soriano, J. M., H. Rico, J. C. Molt6 and J. Marfies. (2006). Assessment of the
microbiological quality and wash treatments of lettuce served in university restaurants.
International Journal of Food Microbiology; 58(1-2): 123-128.

Srisamran J., Atwill E.R., Chuanchuen R., Jeamsripong S. (2022). Detection and analysis
of indicator and pathogenic bacteria in conventional and organic fruits and vegetables
sold in retail markets. Food Qual. Safety. 6: fyac013.

Isolation, Identification and Sensitivity of Escherichia Coli from Fresh Vegetables in
Zawia and Surman City, Libya



