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“Microbiological Evaluation of Endophytic Bacteria in Parsley and Mint in the 

West Bank” 

By 

Sawsan Ibraheem Mahmoud Najajreh 

ABSTRACT 

Mint (Pepper mint) and parsley (Petroselinum crispum) are two common herbal 

plants (fresh produce) used in Middle Eastern cuisine. Due to the high market 

demand, these two herbs are grown year-round in many countries including in 

Palestine. This study aimed to evaluate the internal (endophytic) microbial content in 

parsley and mint that are sampled from different markets in Hebron and Bethlehem 

cities. Samples were surface sterilized to eliminate epiphytic bacteria then an extract 

was prepared and cultured on two microbiological media, total coliform media and 

fecal coliform media. Bacterial genera were identified based on colony morphology. 

For total coliforms and fecal coliforms, CFU/g was calculated and compared between 

samples. No significant difference in microbial load between the commercial sources 

was found in both plants. No coliforms were found in the samples taken from home 

garden or in the negative control. Universal primers for 16S rDNA region were used 

to identify the bacterial species obtained from the culture step. The PCR products 

were sequenced and subjected to BLASTn in order to identify the sequenced bacteria. 

In total, seven different bacterial genera from three families were identified including 

Pseudomonas, Pantoea, Enterobacter, Lelliottia, Escherichia, Klebsiella and 

Salmonella. Furthermore, twenty-four different strains were identified from the 

sequenced in the two herbs. The results in this study should be considered to draw 

more attention regarding the food safety issues in fresh herbs quality and 

consumption. 
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Arabic Abstract 

 ع في الضفة الغربية ء في البقدونس والنعنخضراالنباتات ال الداخلية في بكتيريا لقييم الميكروبيولوجي لالن

 في المستخدمة الشائعة العشبية النباتات من(Petroselinum crispum) البقدونسو(Pepper mint) النعنع

  العام مدار على الأعشاب من النوعين هذين زراعة تتم ، السوق في الطلب لارتفاع نظرًا الأوسط . الشرق مطبخ

 الداخلي  الميكروبي وىمحتلا ييمقت  إلى الدراسة هذه هدفت. فلسطين  ذلك في بما البلدان من العديد في

(endophytic) السطح تعقيم  تم. المأخوذة من أسواق مختلفة في مدينتي الخليل وبيت لحم والنعنع البقدونس في 

 وسطين على هتعاوزرالنبات  مستخلص تحضير تم ثم الخارجية، البكتيريا من للتخلصالخارجي للنباتات 

  بناءً  البكتيرية الأجناس حديدت تلا ذلك. (Total coliform and fecal coliform media) ، ميكروبيولوجيين

 بين ومقارنتها   CFU/g حساب تم ،Total and fecal coliform لل بالنسبة.  المستعمرة مورفولوجيا على

 كلا في التجارية المصادر بين ةالداخليات الميكروب وجود في معنوي فرق على العثور يتم لمحيث . العينات

 . السلبية السيطرة في أو المنزل حديقة  من المأخوذة العينات في القولونيات على العثور يتم ملو. اتيننبال

 تسلسل مث.  الاستزراع خطوة من عليها الحصول تم التي البكتيرية الأنواع لتحديد  16S rDNA  داماستخ تم

  تحديد تم ، موعمجال في .ةسلسلالمت البكتيريا على التعرف أجل من BLASTn لـ وتعريضها PCR منتجات

 و Enterobacter و Pantoea و Pseudomonasكما يلي مختلفة عائلات ثلاث من بكتيرية أجناس سبعة

Lelliottia و Escherichia coli و Klebsiella و Salmonella. ،24 على التعرف  تم ، ذلك على علاوة  

  يتعلق فيما الاهتمام من المزيد لجذب دراسةلا هذه نتائج في النظر ينبغي. الناتجة  البكتيريا من مختلفة سلالة

 .واستهلاكها الطازجة الأعشاب جودة في الأغذية سلامة بقضايا
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CHAPTER ONE 

 Introduction 

1.1 Consumption of Raw Vegetables and Herbs 

Many raw vegetables and herbs are incorporated into fresh dishes, such as ready-to-eat salads 

and native delicacies. The consumption of these fresh vegetables adds high nutritional value to 

one’s diet, as they contain vitamins, dietary fibers, and minerals. They are often eaten raw to 

preserve their natural taste and preserve heat sensitive nutrients. Herbs, Particularly Parsley and 

mint are widely used in folk medicine in addition to providing nutrients and vitamins. Moreover, 

the antioxidant content of fresh vegetation is thought to have a protective effect against free 

radicals, which are implicated in the pathogenesis of most chronic diseases (Carlsen et al., 2010).  

Fresh products occupies an increasingly important place in the human food supply because of its 

health-promoting nutritional properties. However, it must be noted that the consumption of raw 

vegetation, while nutritionally advantageous, its associated with increased risk of bacterial 

contamination. Data provided by the World Health Organization (WHO)/Food and Agriculture 

Organization (FAO) indicate that there was a 4.5% yearly increase in fruit and vegetable 

consumption between 1990 and 2004, with outbreaks of foodborne illnesses associated with the 

consumption of fresh produce increasing in frequency simultaneously (World Health 

Organization, 2008) These salad vegetables and herbs are normally consumed without heating or 

boiling step to get rid of unwanted contamination, which increases the possibility of food 

poisoning. The development of advanced diagnostic methods and surveillance systems have also 



2 
 

enabled authorities to pinpoint fresh produce as the source of foodborne disease (Naimi et al., 

2003).  

1.2 Contamination of Vegetables and Herbs 

Vegetables and herbs can become contaminated with enteric bacteria, viruses, and parasitic 

human pathogens throughout their production from planting to consumption. Contamination of 

products may occur at all stages of production and processing. Possible sources of contamination 

include soil, feces, water, ice, animals, harvesting and processing equipment, and workers at any 

stage of production (Harris et al., 2003). Since the early 1990s, awareness of the potential of 

fresh produce to cause foodborne disease has increased, and the number of reported outbreaks 

associated with the consumption of fresh vegetables has grown steadily. Most of the reported 

outbreaks of gastrointestinal disease linked to fresh produce have been associated with bacterial 

contamination, particularly with members of the Enterobacteriaceae family. Salmonella spp., 

Shigella spp., pathogenic Escherichia coli, Listeria monocytogenes and Campylobacter spp. 

(Uneke, 2007).  

The quality of irrigation water used in agriculture is a very important factor to avoid 

contamination of plants for consumption, and is a potential hazard for human health and even 

plants. The use of untreated wastewater and water supplies contaminated with sewage for 

irrigation has been implicated as one of the important sources of pathogenic microorganisms 

contaminating vegetables. Several studies draw the connection between irrigation with 

contaminated water and the presence of a high microbial load or pathogenic bacteria on the 

vegetables (Rai & Tripathi, 2007) (Barker-Reid et al., 2009). The World Health Organization has 

recommended that crops to be eaten should be irrigated only with biologically treated effluent 
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that has been disinfected to achieve a coliform level of not more than 100/100 ml in 80% of the 

samples.  

Studies have also demonstrated that the use of poultry or cow manure as fertilizer during 

agronomic practices influences the fecal bacterial counts recorded on vegetables (Atidégla et al., 

2016). Manure-handling guidelines suggest a composting period before application of manure 

(Augustin & Rahman, 2010). So it has been found that three days of composting animal manure 

at 131 F (55°C) is effective at lowering the amount of E. coli, Salmonella and Listeria 

monocytogenes to undetectable levels (Carlsen et al., 2010). 

Post harvesting processes can also prove to be the source of contamination of fresh produce, as 

the produce pass through several pieces of equipment and are subject to several cooling and/or 

washing procedures. Studies have found cutting equipment, shredders, and conveyors, as well as 

other pieces of equipment, as the source of contamination of fresh produce with human 

pathogens (Buchholz et al., 2012). 

Water used to wash produce post-harvesting has also been shown to be the source of 

contamination that caused large outbreaks of Salmonella (Sivapalasingam et al., 2003) (Gagliardi 

et al., 2003). 

1.3 Determination of Microbial Quality 

Coliforms are facultative anaerobic, Gram-negative, non-spore forming bacilli that ferment 

lactose and produce gas. They are commonly found in the environment, such as in soil, and in 

the intestines of animals, including humans. Total coliform count is commonly used as an 

indicator of the sanitary quality of food and water. Common genera include Citrobacter, 

Enterobacter, Hafnia, Klebsiella, and Escherichia. 
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Fecal coliforms are bacteria that are Gram-negative bacilli, not sporulated, oxidase-negative, 

facultative aerobic or anaerobic, able to multiply in the presence of bile salts or other surface 

agents that have equivalent properties, and are able to ferment lactose with acid and gas 

production in 48 h at the temperature of 44.5°C. Fecal coliforms are the coliform bacteria that 

generally originate from the intestinal tract of warm-blooded animals. They are cultured by 

increasing the incubation temperature to 44.5 C and using a somewhat different growth media.  

Intestinal bacteria are primarily transmitted to the environment via feces, and therefore it is 

immensely important to monitor the potential fecal contamination of food and water in order to 

protect human and environmental health. Because fecal coliforms are considered a more accurate 

indication of animal or human waste than the total coliforms. However, reference to fecal 

coliforms by the term “thermotolerant coliforms” is gaining popularity because there exist a few 

genera of bacteria of non-fecal origin that are detected in testing procedures for fecal coliform. 

Thermotolerant coliforms include common root and shoot colonizers like Enterobacter and 

Pantoea, as well as plant pathogens like Erwinia, Pectobacterium, pathogenic species of 

Pantoea, and human pathogens such as certain E. coli stains, Salmonella, and Shigella.   

E. coli is the most common thermotolerant coliform present in feces (typically >90%) and is 

regarded as the most specific indication of recent fecal contamination (Paruch & Mæhlum, 

2012). The presence of E. coli in food is an indicator of direct or indirect fecal contamination, as 

well as an indicator for the possible presence of enteric pathogens. E. coli is the only member of 

the coliform bacteria and thermotolerant bacteria that is exclusively found in feces, and that does 

not multiply considerably in the environment (Haller et al., 2009).  

Most E. coli strains are part of the normal flora of the gut and are harmless. However, there are 

also pathogenic strains associated with human and animal diseases. The Shiga toxin producing E. 
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coli (STEC) is a group of pathogenic strains of E. coli that has over 200 different serotypes. E. 

coli O157:H7 is the most important serotype in this group in regards to public health. This 

serotype is the main pathogenic bacteria that causes hemorrhagic colitis with bloody diarrhea and 

Hemolytic Uremic Syndrome. Fresh produce is recognized as an important source of foodborne 

pathogens; in particular pathogenic E. coli. Contaminated fruit and vegetables account for ≈20% 

of all reported outbreaks of verotoxigenic E. coli and notable outbreaks have occurred from 

spinach, lettuce, and sprouted seed. 

1.4 Bacterial Identification  

The identification of bacteria has traditionally involved a process of observing phenotypic 

characteristics, such as colony and cell morphology, by Gram staining or other staining 

procedures, nutritional and physical requirements for growth, and other factors that have been 

developed and improved to the point where basic laboratories are able to identify isolates to the 

species level by fairly simple procedures. The characteristics used in these traditional 

identification schemes are all phenotypic, meaning that they are the products of gene expression. 

With the development of new technology, it is now possible to study the microbial genome and 

identify species by genotypic characteristics. The development of certain technologies, notably 

PCR and Sanger sequencing, has caused an explosion of published methods for genotyping 

bacteria.  

Some bacterial identification schemes rely on the production of a banding pattern. For example, 

Pulsed-field gel electrophoresis (PFGE) is a technique that involves the restriction digest of 

bacterial DNA followed by the electrophoretic separation of the large DNA restriction fragments 

to generate a highly specific genetic fingerprint. This method is the method of choice in the 
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typing of human bacterial pathogens and the investigation of disease outbreaks; however, it is 

relatively costly and requires a number of days to obtain a result. 

Other techniques for the identification of bacteria to the strain level rely on the sequencing of 

genetic markers. Multi-locus sequence typing (MLST) involves the sequencing of 400-500 base 

pair fragments of DNA at seven conserved genes. Multi-locus variable number of tandem repeats 

analysis (MLVA) is a technique that involves the amplification and sequencing of tandem 

repeats. MLVA is quicker and simpler to perform than MLST, but the technique suffers from 

issues with reproducibility. 

Many bacterial species can be identified by sequencing specific sections of ribosomal DNA – the 

16S rRNA gene is most commonly used - after amplification by PCR, and then comparing the 

results to sequences stored in a database. Presently, the bacterial ribosomal RNA (rRNA) operon, 

consisting of the 16S rRNA and 23S rRNA gene as well as an intergenic spacer (IGS) region, is 

the most frequently used molecular marker in microbial ecology. This is for a number of reasons, 

namely because of: (i) its universal abundance, (ii) the presence of both variable and highly 

conserved sequence domains, (iii) its high discriminatory potential, (iv) its multiple-copy nature, 

and (v) the availability of rDNA sequences in public databases such as GenBank regions. There 

are enough polymorphisms in the 16S rRNA gene to distinguish between species of bacteria. 

Because the 16s rRNA gene compromises a conserved region, universal PCR primers can be 

designed that are complementary to the conserved regions and the sequence of the variable 

region in between these regions is used for the phylogenetic assessment. The common lengths of 

sequences to compare are 500 and 1,500 bp, and sequences in databases are of various lengths 

(Clarridge, 2004). 
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The 16S rRNA gene sequences for a large number of bacterial strains have been sequenced. 

GenBank is the largest databank of nucleotide sequences, which includes over 108 million 

sequences, of which over 90,000 are of 16S rRNA gene. This means that there are many 

previously deposited sequences against which to compare the sequence of an unknown strain 

All of the genotyping methods mentioned above have their limitations. Ideally, the sequence of 

the entire genome of a microbial isolate would be used to provide reliable typing. Until recently, 

this would have been very costly and taken years to complete, but with the evolution of next-

generation sequencing (NGS) technology, whole genome sequencing (WGS) has become a 

practical option. Recently WGS has become within the scope of small clinical microbiology and 

research labs. The costs of NGS machines are falling and an entire bacterial genome can now be 

sequenced for a price comparable to the cost of MLST typing using conventional PCR/Sanger 

sequencing. 

1.5 Parsley and Mint  

Parsley (Petroselinum crispum) is a green herbaceous plant that belongs to the Apiaceae or 

Umbellifera family, which is recognized by aromatic plants and compound flower umbels. The 

Latin name Petroselinum crispums is derived from the Greek word (pétros) which means rock, 

and selinum which was the Latin name for celery (Parthasarathy et al., 2008) 

It is a biennial herb and is widely propagated by seeds, which are sown 1cm below soil in 

relatively moist and warm conditions, best in a sunny area that receives direct light for 6–8 hours 

a day, with a pH range of 6–7, forming a plant with spindle-shaped roots and erect stems 

reaching height of 0.8 meters, with green leaves and yellow green flowers growing in groups. 

The upper leaves are dark green divided to create feather like-structure. The small greenish 
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yellow flowers have five petals on compound umbels, and the lower leaves are divided into two 

or three sides. The fresh roots are yellowish, carrot shaped, with a yellowish-white to reddish-

yellow clip (Peterson et al., 2006). 

 Many vegetables such as parsley, carrot and others, have therapeutic health benefits and 

anticancer activity due to their production of psoralen (5-methoxypsoralen) (Peterson et al., 

2006). 

Parsley is also known to act as an antioxidant, and have anticancer functionalities to produce 

phenolic compounds (Zhang et al., 2006). 

Parsley extract also has a diuretic and laxative effect by interfering with the function of the 

Na+/K+ pump in the kidney and the colon through inhibition of the pump, which stimulates Na- 

K- Cl co-transporter and increases electrolyte and water secretion  (Kreydiyyeh et al., 2001). 

Mint (Pepper mint) is a plant with shallow roots close to the surface of the earth. It is a sterile 

plant that does not produce seeds. It grows in the spring by planting roots close to the surface, 

and is grown as a row crop in the first year after planting as it grows to give a solid holder called 

Meadow mint. The cultivation is preserved for several years by plowing the ground 4 to 6 inches 

deep in the late fall, which leads to keeping the field longer than 2 or 3 years (Murphy, 1953). 

Mint is also a plant that contains antioxidants, and has phenolics and polyphenolic compounds in 

its extract (Kanatt et al., 2007). Also, it has antimicrobial properties against the most prevalent 

microorganisms in oral infections (Al-Sum & Al-Arfaj, 2013). 
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1.6 Endophytic Bacteria 

Bacteria can associate with plants in a number of ways. They can be pathogens, symbionts, 

epiphytes, or endophytes. Epiphytic bacteria are typically Gram negative and live on the surface 

of the plant, where they tend to cluster between epidermal cells, and are found in fewer numbers 

across the waxy cuticle. Dehydration and UV radiation seem to have a negative effect on the 

viability of epiphytic bacteria, which explains their relatively low numbers. In any case, 

visualization of leaves by scanning electron microscopy shows very few bacterial cells on leaves 

that have been washed, suggesting that epiphytic bacteria can be easily removed (Berg et al., 

2005). 

Of the four types of interactions between plants and bacteria, endophytic interactions are the 

least understood. Endophytes are bacteria that enter the interior of plants without causing disease 

symptoms or forming symbiotic structures like nodules. Endophytic bacteria are of interest 

because they can improve plant growth and the nutrition of plants through nitrogen fixation.  

Recent evidence has shown that human-pathogenic bacteria can also colonize plants as 

alternative hosts. Research has revealed that human enteric pathogenic bacteria can survive as 

endophytes or epiphytes, but the relationship depends on bacterial species as well as the plant 

cultivar. The phenomenon is still not well understood, but it may be dependent on the specific 

microflora of each plant. The phenomenon of pathogenic bacteria colonizing plants as 

endophytes is of particular interest because it means that human pathogens protected in the 

internal tissue of the plant cannot effectively be removed by standard post-harvest biocidal 

treatments or even surface sterilization  (Berger et al., 2010). 

Attachment of enteric human pathogens to plant tissue is the first step towards colonization of 

the plant environment. Fimbriae, flagella, and biofilms have a role in this attachment. It has been 
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noted that different strains of E. coli differ in their ability to attach to alfalfa sprouts, and 

sometimes the ability to attach can be gained by the insertion of a plasmid containing the gene 

for curli (a type of fimbria) production (Jeter & Matthysse, 2005). Continued research in this 

area is needed to further the understanding of the interactions between different plants and 

different bacteria and what factors are critical for the establishment of pathogens in the internal 

plant environment.  

As for the routes taken by bacteria to the inside of the plant, it could be by the leaf surface, which 

has numerous stomata that provide entry into the substomatal cavity. Damage caused by spoilage 

bacteria or fungi can also enable human pathogens to enter the plant tissue where they are 

protected. In immature plants, the protective structures such as the casparian strip are not fully 

formed, which enables the entry of bacteria into the xylem, which forms a continuous tube up to 

the leaves through which bacteria can travel. 

Several studies have been designed to artificially inoculate plants with pathogenic bacteria in 

order to study the factors that lead to their internalization, such as the bacteria being present in 

the water or the soil or on the plant surface, and the bacterial load necessary to initiate 

internalization, as well as the point of entry. Lettuce, because of its commercial importance, has 

been used as a model to demonstrate the internalization of human pathogens. In one experiment, 

lettuce seedlings were propagated in soil inoculated with E. coli 0157:H7 of different 

concentrations. At different time intervals samples were taken and washed to remove surface 

located bacteria. The E. coli strain was then recovered from the internal tissues of the seedlings 

(Solomon et al., 2002). 



11 
 

In a similar study, colonization of plant roots by E. coli appeared to follow a process similar to 

that of some endophytic microflora like Klebsiella pneumoniae and Pectobacterium, which 

exploit natural openings, such as emerging lateral roots (Dong et al., 2003). 

1.7 Outbreaks Attributed to Fresh Herbs 

Fresh herbs, which are grown close to the soil surface are more susceptible to contamination, 

have been implicated as vehicles for the transmission of microbial foodborne disease worldwide. 

In the United States, from 1996 to 2015 the FDA reported nine outbreaks linked to basil, parsley, 

and cilantro, which resulted in 2,699 illnesses and 84 hospitalizations (Control & Prevention, 

2014). Of those outbreaks, four were linked to basil, three to cilantro, and two to parsley, 

prompting microbiological surveillance sampling by the FDA. Other epidemiologic 

investigations have specifically implicated chopped uncooked parsley as the source of several 

Shigellosis outbreaks in the United States. The source of contamination was found to be 

unchlorinated water that was used in hydrocoolers and to make ice in the packing area where the 

parsley was grown. Shigella contamination is of particular concern because of the low infectious 

dose of about 10 cells, giving these bacteria the potential to cause large outbreaks. Overall, the 

number of foodborne pathogens that are associated with fresh produce has been increasing, with 

E. coli O157:H7 being the most common pathogen associated with them. In addition to E. coli 

O157:H7, Salmonella spp and Listeria monocytogenes are the most common pathogens that 

contaminate leafy green vegetables. 

1.8 Fresh herbs (mint and parsley) in Palestine west bank: 

The agricultural sector is one of the most important sources of economic growth and 

employment in Palestine. It is known as economic backbone of the majority of the local 
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population, which, in addition to fulfilling the populations basic nutritional needs, directly 

benefits 50% percent of the population. For many centuries, the richness of Palestinian soil made 

it possible to produce of rich crops including fresh-herbs that provided the ingredients for 

delicious and healthy Palestinian cuisine. This sector carries much promises, but it faces a 

number of substantial obstacles, as growing herbs requires access to fresh water, technical 

expertise, and specially trained workers to prevent contamination with foodborne pathogens 

(Butterfield, 2000). 

2. Problem Statement and Objectives 

2.1 The main objective of the present study is: 

To our knowledge, there is limited information available about the microbiological quality of 

fresh herbs available in the market in Palestine. Therefore, this study was designed to assess the 

microbiological quality of fresh parsley and mint in Hebron and Bethlehem and to identify 

potential risks for the consumers. 

2.2 Specific objectives: 

1. Explore the content of latent internal microbes 

2. Identify the bacteria present in the samples, to determine if bacteria include pathogenic or 

non-pathogenic species.  
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CHAPTER TWO 

Materials and Methods: 

This study was conducted in the microbiology laboratory of Palestine-Korea biotechnology 

center at Palestine Polytechnic University, Hebron, Palestine. 

2.1 Media preparation: 

The following media were prepared and used in the experimental parts in this study: 

2.1.1 M-Endo Agar LES (Total coliform): 

 M-Endo agar LES (HI Media Laboratories, 2019), was prepared according to the manufacturer’s 

instructions, by weighting of 51.05 grams of M-Endo agar LES powder in 980.0 ml deionized 

water containing 20.0 ml of 95% ethanol, mixed and boiled thoroughly to complete dissolve the 

powder. the membranes of filtration samples were transferred to the surface of the M-Endo Agar 

medium in the Petri dishes. the plates were incubated in the inverted position at 37°C for 22 ± 2 

hours in the total coliform. Colonies that are red and have a metallic sheen were observed and 

counted. 

2.1.2 M-FC Agar Rosolic acid (Fecal coliform): 

M-FC Agar media (HI Media Laboratories, 2019), was prepared according to the manufacturer 

instructions, by weighting 52.0 g of the media powder in 1.0 L of deionized water mixed them 

thoroughly and heat it in the microwave with a frequent agitation and boil for 1.0 minute to 

complete dissolve the powder. Then added 10.0 mL of a 1.0% solution of rosolic acid in 0.2 

NaoH with continue heating for 1.0-minute, pH was adjusted to 7.4 the membranes of filtration 

samples were transferred to the surface of the M-FC Agar medium in the Petri dishes, the plates 

were incubated in the inverted position at 44.5 ± 0.5°C for 22 ± 2 hours. colonies of fecal 

coliform that are blue, was observed and counted. 
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2.1.3 LB Agar, Miller medium 

(Luria- Betrani) broth liquid medium, was prepared according to the manufacturer instructions, 

by weighting 25.0g LB broth, Miller and 15.0g agar in liter of deionized water ,10.0g tryptone, 

10.0g sodium chloride (Nacl), and 5.0g yeast extract, mixed them thoroughly to complete 

dissolve the powder, the pH was adjusted to 7.0, The medium was autoclaved at 121°C for 15 

min in regular autoclave. Then Glycerol stock was prepared by using freshly grown overnight 

culture of bacterial species (50-50% v/v) glycerol stock prepared by taking 500.0 µl of bacteria 

to 500.0 µl of autoclaved glycerol, mixed thoroughly before being stored at -80°C to be used in 

the future experiments.  

2.2 Sample collection 

Fresh parsley and mint were obtained from local groceries in Hebron city from Al-Helman 

Farms source (7 samples), neighboring markets (Rami-Levy market) (11 samples), and from 

home garden grown source in Hebron and Bethlehem cities (4 samples). Samples were 

transferred to the microbiology lab. 

2.3 Sample processing 

From each sample parsley and mint, (25.0 g) were examined as the following procedures: 

a) Plants material was washed with 125.0 mL of 5.0% of sodium hypochlorite which was 

mixed with 375.0 mL deionized autoclaved water, followed by surface sterilization which 

was accomplished by using Ethanol 70% for less than 30 sec in order to ensure and 

eliminate epiphytic bacteria (Warakagoda and Subasinghe, 2011) followed by three times 

washing with 500.0 mL deionized autoclaved water. 

b) The water of the washed samples was run through a membrane with a pore size of 0.45 

µm to ensure that there were no external bacteria on the surface of the plant. 

c) 5.0 grams of plant parts were grinded with sterilized mortar and pestle, in case of dried 

plants extract 500.0 µl of deionized autoclaved water were added and mixed well to 

facilitate grinding. 
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d) Serial dilution was carried out at 10- fold dilutions of the plant extract. 

e) Freshly prepared bacterial cultures were grown overnight incubation, on fecal media Petri 

dish plates at 44°C, and total media Petri dish plates at 37°C for 24 hours.  

f) After 24 hours, some colonies from the grown bacteria were picked with a loop and 

transferred to LB agar media plates as enrichment step. 

2.4 Molecular characterization  

2.4.1 Isolation of total genomic DNA  

Bacterial total genomic DNA was extracted using a plant DNA purification kit (Norgen Biotek 

Crop, Ontario, Canada) according to the manufacturer’s instructions.  

2.4.2 Primer sequences used in this study: 

Table 2.1: Sequence names, primer codes, and primer sequences used in this study 

Primer code Primer Sequence Reference 

16S rDNA Forward 5’ agt ttg atc ctg gct cag 3’ Barghouthi, S.A., 2011 

16S rDNA Reverse 5’ gga cta cca ggg tat cta at 3’ Barghouthi, S.A., 2011 

 

2.4.3 Polymerase Chain Reaction (PCR) conditions 

The PCR protocol used to amplify 16S rDNA region was as follows: PCR mixture (final volume 

of 25.0µl) which contained 17.4µl molecular grade H2O, 2.5 µl of 10x PCR buffer, 2.5µl of (20 

mM MgSO4), 0.5µl of (10 µM dNTPs mixture) (Fermantus/DNTp100), 1.0µl of each forward 

and reverse primer working stock, 1.0 µl DNA template-from colony, and 0.125 µl of Taq-DNA 

-Polymerase (5units/ µl )(Hy-labs Ltd. Item number HTD0078). The negative control was 

composed of all the components of the PCR reaction except DNA template. The PCR reactions 

were carried out in an Applied Biosystem 2720 thermal cycler under the following settings: 95°C 

for 5.00 min; 34 cycles of 95°C for 1:00 min, 52°C for 1:00 min, 72°C for 1:30 min, and a final 

elongation at 72°C for 10:00 min. 
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2.4.4 Agarose Gel Electrophoresis 

A 1.4% (w/v) agarose was prepared by dissolving 2.1 g agarose (Ultrapure agarose- Invitrogen 

REF#16500) in 150 ml 1X TBE buffer and 9.0 µl ethidium bromide (Fluka/46065) was mixed in 

the gel solution right before casting. Samples (25.0 µl) were then loaded. A100bpDNA ladder 

(GeneDireX/ DM001-r500) was run with the samples for size approximation. Electrophoreses 

was performed initially at 80V for 15 min. then changed to final constant power of 120 V for 

1:00 hour. The gel was visualized using a Bio-Rad Molecular Imager® Gel Doc™ XR+. 

2.4.5 DNA Purification 

Purification of DNA was done as the following visualization of PCR bands; strong bands were 

directly purified from the gel, otherwise weak bands it was purified from the PCR product. 

2.4.5.1 Gel Purification 

The targeted bands for sequencing were cut from the gel, and then the DNA was purified using 

Nucleo Spin Gel and PCR Clean-up purification kit. Briefly, the gel containing the DNA was 

dissolved to get rid of it. Then a mini-column was used to separate the DNA from the degraded 

gel fragments. DNA was washed and then collected using DNAse- RNAse free water. 

2.4.5.2 PCR product purification 

Purification of the PCR product was done by Nucleo Spin Gel and PCR Clean-up purification 

kit. Briefly, buffers were added in proportion to the PCR reaction volume as detailed in the kit. 

The mixture was transferred to a binding column, which were used to adsorb the target DNA and 

get rid of other residues such as excess primers. The DNA was washed using the buffers from the 

kit and then collected.  

2.4.6 Sequencing of 16S rDNA 

DNA sequencing was performed at Augusta Victoria Labs by sanger sequencing, the samples 

were sequenced using sequencing PCR program under the following settings:95°C for 1 min, (25 

cycles): 95°C for 10 sec, 52°C for 5 sec, 60°C for 4 min, 4°C for ∞. 

Purification of the PCR product was done by (Big Dye X-Terminator Purification Kit Protocol 

P/N 4374403). Briefly, SAM solution and Big Dye X-Terminator Solution were added in 
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proportion to the PCR reaction volume as detailed in the kit. Followed by mixing the contents for 

30 minutes and centrifuge at 1000 rpm for 2 min. 

2.5 Data analysis and software 

The computer programs were used during this study, Microsoft Excel Office 2010 was the main 

computer program used. The sequences analysis done with BLASTn. and the resulting sequences 

were edited visually by using Sequencher v.4 software. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER THREE 

 Results and Discussion  
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The presence of parsley and mint endophytic associated bacteria was revealed by screening 

various samples of plant material from different sources (Rami Levy, Hebron market, and home 

garden grown samples) The plant extract from some samples showed heavy contamination in 

both total coliform and fecal coliform media. 

3.1 Isolation of Endophytic Bacteria 

After surface sterilization procedure, samples were cultured for 72 h, and no contamination 

arising from the surface was evident (Figure 3.1). Thus, it was clear that the surface sterilization 

procedure eliminated all epiphytic bacteria, this was noted by (Warakagoda and Subasinghe, 

2011) and all subsequent experiments were done on samples subject to the same procedure, and 

plant extracts were assumed to contain only endophytic bacteria . 

 

 

 

 

 

 

 

 

 

 

 

3.2 Qualitative Analysis 

Figure 3.1: Parsley stem and leaves surface sterilized. Plant 

leaves and stems were cultured on plant growth media after 

surface sterilization in order to assure that all epiphytic 

contamination was eliminated.  
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Serial dilutions of samples were plated on total coliform and fecal coliform media. It was 

observed that total coliform media supported more microbial growth than fecal coliform media 

(Figure 3.2). Typical coliform genera were identified visually according to the manufacturer’s 

instructions: E. coli - Pink to rose-red, green metallic sheen; Enterobacter/Klebsiella - Large, 

mucoid, pink; Salmonella - Colorless to pale pink; Pseudomonas - Irregular, colorless; Pantoea - 

Yellow pigmented. The number and percentage of positive samples for each genus out of eleven 

samples from Rami Levy and seven samples from Hebron market are found in Table 3.1. In 

addition to the above-mentioned genera which were mentioned in the manual, other rod-shaped 

and beige-pigmented colonies were also observed. These colonies were later identified as a strain 

of Lelliottia. Samples were taken from individual colonies for further molecular identification 

procedures.   

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3.1 Bacterial genera isolated from parsley and mint extract 

Figure 3.2: Endophytic bacteria on total coliform and fecal coliform media. Plant 

extracts containing endophytic bacteria were cultured on (A) total coliform and (B) fecal 

coliform media.  

A B 
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Endophytic Bacteria  

Genus of bacteria            Herb source  

 Rami levy  Hebron markets 

 P(F) P(T) M(F) M(T)  P(F) P(T) M(F) M(T) 

Pseudomonas no. (%)  1(9%) 3(27%)      

Pantoea no. (%) 4(36%)   2(18%)     

Enterobacter no. (%) 2(18%) 2(18%)  1(9%) 1(14%) 2(28%)  3(42%) 

Lelliottia no. (%)         1(14%) 

Escherichia coli no. (%) 1(9%)    3(42%)    

Klebsiella no. (%)        4(57%)  

Salmonella no. (%) 1(9%)        

 

 

 

Table (3.1) shows the number of positive samples followed by the percentage of positive 

samples for each bacterial genus for each herb and source. The most prevalent genus from both 

commercial sources was Enterobacter, which was found in 11 samples, followed by Pantoea, 

which was found in 6 samples, Klebsiella in 4 samples, and E. coli and Pseudomonas in 4 

samples. Salmonella and Lolliottia were each found in only 1 sample.  

 

 

 

 

 

 

 

 

3.3 Quantitative Analysis 

Note  

P:(Parsley), M:(Mint) F:(Fecal coliform) T:(Total coliform)  
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Table 3.2: Microbial load in the samples  

Sample Source Total coliform media Fecal coliform media 

  Median Range Median Range 

M
in

t 

Rami Levy 5.66* 4.81 – 5.88  5.06 4.58 – 5.54 

Hebron market 5.82 5.36 – 6.27 4.65 4.53 – 4.78 

Home garden grown 0.0 0.0 0.0 0.0 

P
a
rs

le
y

 

Rami Levy 5.98 5.94 – 6.03 4.96 4.81 – 6.11 

Hebron market 5.60 4.96 – 6.99 4.70 4.58 – 4.82 

Home garden grown 0.0 0.0 0.0 0.0 

Negative control 0.0 0.0 0.0 0.0 

 

 

 

 

3.3.1 Total Coliform Counts  

No significant difference in total coliform level was found between the two commercial sources 

for either herb. The microbial load observed in mint was generally lower in samples taken from 

Rami Levy, which were found to have a total coliform count ranging from 4.81 – 5.88 Log10 

CFU/g, compared to 5.36 – 6.27 Log10 CFU/g in samples taken from Hebron market. As for 

parsley samples, the opposite was true, Samples from Rami Levy contained 5.94 – 6.03 Log10 

CFU/g, and samples from Hebron market contained 4.96 – 6.99 Log10 CFU/g. Parsley evidently 

contained more total coliform endophytic bacteria than mint, but the difference is not significant. 

No coliforms were found in the samples taken from the home garden source or the negative 

control.  

 

3.3.2 Fecal Coliform Counts 

*Log10 CFU/g 

Note: Samples that were not in the range of enumerated CFU per plate were excluded as they could not 

be reliably enumerated 
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No significance difference in fecal coliform level was found between the two commercial 

sources in both herbs. The microbial load observed in mint was generally higher in samples 

taken from Rami Levy, which were found to have a fecal coliform count ranging from 4.58 – 

5.54 Log10 CFU/g, compared to 4.53 – 4.78 Log10 CFU/g in samples taken from Hebron market. 

As for parsley samples, the opposite was true, with samples from Rami Levy containing 4.81 – 

6.11 Log10 CFU/g, and samples from Hebron market containing 4.58 – 4.82 Log10 CFU/g. No 

coliforms were found in the samples taken from the home source or the negative control.  

3.4 Molecular Identification of Parsley and Mint Endophytic Bacteria 

3.4.1 16s rDNA PCR, Gel electrophoresis and Sequencing 

Samples from selected colonies were subjected to PCR using 16S rDNA primers. The 

amplification of the 16S rDNA region produced band at about 800 bp (Figure 3.3), and the 

purified bands were sequenced. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.3: Agarose gel electrophoresis of the 16S rDNA region 

amplified by PCR.  Leader - molecular 100 bp ladder; Lane 1,2,3- 

results of amplification of 16S rDNA region; Last lane - negative 

control. 
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Purified samples of the amplified PCR products were sent to Victoria Augusta Hospital in 

Jerusalem, Palestine for sequencing. DNA sequences were assembled from the forward and 

reverse sequences and chromatogram data was investigated and showed a single nucleotide 

signal. The product of the reverse sequence showed clear signals up to a particular point. On the 

other hand, the product from the forward primer showed double peaks which means there’s more 

than one species in the same colony. Sequences were edited and evaluated visually in sequencher 

v.4 software. The sequences were subjected to BLAST search on the NCBI (National center of 

Biotechnology Information) database to explore similarity.  

3.4.2 BLASTn Results 

The sequences were subjected to BLASTn which identified similar bacterial species that had 

100% sequence homology and 100-99% query coverage as shown in the following table (Table 

3.5). Twenty-four different strains of bacteria were identified, belonging to seven different 

bacterial groups. 

 

 

 

 

 

 

 

 

 

 

 

 



24 
 

Table 3.3 Bacteria genera isolated from parsley and mint extract from both commercial sources 

based on BLASTn analysis of 16s rDNA sequencing data 

Sequence 

number 

Reverse 

sequence 

Length 

(after 

cleaning) 

Mint or 

parsley 

First BLASTn result  Query 

cover 

Family Notes/Pathogenicity  

1  492 bp Mint  Pseudomonas koreensis 

strain SS NBRI 17 

100% Pseudomonadaceae • Inhibited a certain fungal 

plant pathogen 

2 479 bp Mint Pseudomonas sp. strain 

COR10 

100% Pseudomonadaceae • No information 

3 191 bp Mint Pseudomonas sp A7-2 100% Pseudomonadaceae • Causative agents of fish 

diseases 

• Reduced nitrate to nitrite 

4  213 bp Parsley  Pseudomonas putida 

strain C1-1 

100% Pseudomonadaceae • Associated with 

immunocompromised state 

• Fish diseases 

5 366 bp Parsley Pantoea agglomerans 

strain NA131 

99% Erwiniaceae • Cause of diseases in a range 

of cultivable plants 

• Tumorigenic, inducing gall 

formation on table beet, an 

ornamental plant gypsophila 

• Opportunistic human 

infections 

• Cause of equine abortion and 

placentitis and a 

haemorrhagic disease in 

dolphin fish 

6 439 bp Mint  Pantoea agglomerans 

strain HTP 

100% Erwiniaceae 

7 400 bp Parsley Pantoea agglomerans 

strain +Y43 

99% Erwiniaceae 

8 451 bp Parsley Pantoea agglomerans 

strain AA2 

100% Erwiniaceae 

9 350 bp Mint  Pantoea ananatis strain 

PC2 

99% Erwiniaceae • Plant pathogen  

• Capable of infecting humans 

10 432 bp Parsley Pantoea sp strain B26 100% Erwiniaceae • Exhibit plant growth 

promoting abilities 

https://en.wikipedia.org/wiki/Pseudomonadaceae
https://en.wikipedia.org/wiki/Pseudomonadaceae
https://en.wikipedia.org/wiki/Pseudomonadaceae
https://en.wikipedia.org/wiki/Pseudomonadaceae
https://en.wikipedia.org/wiki/Erwiniaceae
https://en.wikipedia.org/wiki/Erwiniaceae
https://en.wikipedia.org/wiki/Erwiniaceae
https://en.wikipedia.org/wiki/Erwiniaceae
https://en.wikipedia.org/wiki/Erwiniaceae
https://en.wikipedia.org/wiki/Erwiniaceae
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11 424 bp Parsley Pantoea vagans 

strain+Y42 

100% Erwiniaceae • Strain C9-1, is commercially 

registered as a biological 

control agent against fire 

blight 

12 426 bp Parsley Enterobacter cloacae 

strain BHWSL4.2 

100% Enterobacteriaceae • Causative agent of Chili 

pepper seedling 

13 551bp Parsley, 

mint  

Enterobacter cloacae 

strain 3849 

100% Enterobacteriaceae 

14 295 bp Parsley Enterobacter 

hormaechei strain 

SU103 

100% Enterobacteriaceae • Nosocomial pathogen 

• Invasive infections 

15 357 bp  Mint  Enterobacter 

cancerogenus strain 

ILQ201 

100% Enterobacteriaceae • Associated with urinary tract 

infections in human 

16 265 bp Mint  Uncultured Enterobacter 

sp. clone 65-160B-CB90 

99% Enterobacteriaceae • No information  

17 252 bp Mint  Lelliottia sp. strain 

S2E38 

100% Enterobacteriaceae • Play significant roles in 

environmental and 

agricultural sustainability 

18 213 bp Parsley Escherichia coli strain 

188 

100% Enterobacteriaceae • No information  

19 261 bp Parsley Escherichia coli strain 

SCU-397 

100% Enterobacteriaceae • Carrying antibiotic resistance 

genes 

20 200 bp Parsley Escherichia coli strain 

EcPF5 

100% Enterobacteriaceae • Urinary tract infection 

21 444 bp Mint  Klebsiella pneumoniae 

strain G-A-TGW 

100% Enterobacteriaceae • Important pathogens 

in nosocomial infections 

22 376 bp Mint klebsiella pneumoniae 

subsp. pneumoniae 

strain SU101 

100% Enterobacteriaceae • Antimicrobial-resistant and 

multidrug-resistant  

• Causes foodborne outbreak  

23 474 bp Mint Klebsiella 

quasipneumoniae subsp. 

similipneumoniaestrain 

2437 

100% Enterobacteriaceae  

https://en.wikipedia.org/wiki/Erwiniaceae
https://en.wikipedia.org/wiki/Enterobacteriaceae
https://en.wikipedia.org/wiki/Enterobacteriaceae
https://en.wikipedia.org/wiki/Enterobacteriaceae
https://en.wikipedia.org/wiki/Enterobacteriaceae
https://en.wikipedia.org/wiki/Enterobacteriaceae
https://species.wikimedia.org/wiki/Enterobacteriaceae
https://en.wikipedia.org/wiki/Enterobacteriaceae
https://en.wikipedia.org/wiki/Enterobacteriaceae
https://en.wikipedia.org/wiki/Enterobacteriaceae
https://en.wikipedia.org/wiki/Nosocomial
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24 99 bp Parsley  Salmonella enterica 

strain SA20083039 

100% Enterobacteriaceae • Associated with foodborne 

illnesses, causing 

hospitalizations and deaths  

 

 

3.4.3 Discussion of BLASTn Results 

The various bacterial species identified in this study are widely dispersed throughout the 

environment and can be found in soil, water, plants, and some in the gastrointestinal tract of 

animals and humans. 

Isolated Bacteria Belonging to Pseudomonadaceae (Sequences 1 – 4) 

Four of the sequences attained belong to the family Pseudomonadaceae, and all were of the 

genus Pseudomonas. BLASTn results revealed high similarity with 100% query cover included: 

Pseudomonas koreensis strain SS NBRI, Pseudomonas sp. strain COR10, Pseudomonas sp A7-2, 

and Pseudomonas putida strain C1-1.  

The genus Pseudomonas contains more than 140 species, all of which are Gram-negative and 

aerobic bacilli, and most of which are saprophytic. More than 25 species are associated with 

humans. Most pseudomonads known to cause disease opportunistic infections in humans, 

including Pseudomonas putida (Baron, 1996). Some Pseudomonas species have been reported to 

be causative agents of disease in fish (SHIOSE et al., 1974). 

Following is the available information about the BLASTn results.  

Pseudomonas koreensis strain SS NBRI 17 (Sequence 1) 

This strain is an isolate taken from agricultural soil in Korea, and reported in a study title 

“Suppression of disease in tomato infected by Pythium ultimum with a biosurfactant produced by 

Pseudomonas koreensis”, where it was found to produce compounds that inhibit a certain fungal 

plant pathogen (Hultberg et al., 2010). 

Pseudomonas sp A7-2 (Sequence 3) 

This is a new Pseudomonas species, for which the name Pseudomonas plecoglossicida is 

proposed, and was isolated from the cultured fish ayu (Plecoglossus altivelis) with bacterial 

haemorrhagic ascites. The causative agent was similar to Pseudomonas putida biovar A in its 

phenotypic characteristics and on the basis of 16S rRNA gene sequence analysis, but it reduced 

nitrate to nitrite (Nishimori et al., 2000). 

 

https://en.wikipedia.org/wiki/Pseudomonadaceae
https://en.wikipedia.org/wiki/Pseudomonadaceae
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Pseudomonas putida strain C1-1 (Sequence 4) 

P. putida is a flagellated member of the fluorescent group of pseudomonads, and is found 

throughout the natural environment.  P. putida is an uncommon cause of skin and soft tissue 

infections, which is often associated with trauma or an immunocompromised state (Thomas et 

al., 2013). 

 

Isolated Bacteria Belonging to Erwiniaceae (Sequences 5 – 11) 

The second bacterial group consisted of 12 bacterial colonies with similar morphotypes, all 

belong to the Erwiniaceae family and genus Pantoea based on BLASTn results revealed a high 

similarity between 99% to 100% query cover which included: Pantoea agglomerans strain 

NA131, Pantoea agglomerans strain HTP, Pantoea agglomerans strain +Y43, Pantoea 

agglomerans strain AA2, Pantoea ananatis strain PC2, Pantoea sp. strain B26, and Pantoea 

vagans strain +Y42. 

Species of the genus Pantoea are usually isolated from fecal matter, plants, and soil, where they 

exist as either pathogens or commensals.  

No information is available about the specific strains obtained by BLASTn belonging to this 

family. Following is information available about the various bacteria identified at the species 

level.  

Pantoea agglomerans (Sequences 5-8) 

Pantoea agglomerans is a bacteria known to be associated with plants. P. agglomerans usually 

occurs in plants as an epi- or endophytic mutualistic symbiont, but nevertheless, this species has 

also been identified as a cause of diseases in a range of cultivable plants, such as cotton, sweet 

onion, rice, maize, sorghum, bamboo, walnut, an ornamental plant called Chinese taro (Alocasia 

cucullata), and a grass called onion couch (Arrhenatherum elatius). Some plant-pathogenic 

strains of P. agglomerans are tumourigenic, inducing gall formation on table beet, an ornamental 

plant gypsophila (Gypsophila paniculata), and wisteria vines (Dutkiewicz et al., 2016) 

While it is not an obligate infectious organism in humans, it can be a cause of opportunistic 

human infections, mostly in infected wounds caused by plant material, or as a hospital-acquired 

infection, which occurs mostly in immunocompromised individuals. P. agglomerans bacteremia 

has also been documented in association with the contamination of various materials, such as 

https://en.wikipedia.org/wiki/Erwiniaceae
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intravenous fluid, total parenteral nutrition, the anesthetic agent propofol, and other blood 

products (Cruz et al., 2007). 

 There are few reports of infectious diseases caused by Pantoea agglomerans in vertebrate 

animals other than humans. It has been identified as a possible cause of equine abortion and 

placentitis and a haemorrhagic disease in dolphin fish (Coryphaena hippurus). P. agglomerans 

strains also occur commonly, usually as symbionts, in insects and other arthropods.  

Pantoea ananatis (Sequence 9) 

Pantoea ananatis is a bacteria that occurs in diverse ecological niches. It is most significantly a 

plant pathogen, infecting monocotyledonous and dicotyledonous plants, causing disease in a 

wide range of economically important agricultural crops and forest tree species. It is considered 

an emerging pathogen based on the increasing number of reports of disease occurring on new 

hosts in different parts of the world. Unlike the majority of plant pathogenic microbes, P. 

ananatis is capable of infecting humans (Coutinho & Venter, 2009). 

Disease symptoms in plants usually include the appearance of leaf blotches and spots, and stalk, 

fruit, and bulb rot. Center rot of onion was first described in Georgia in 1997. The disease was 

devastating and accounted for 100% loss in some fields. Since its discovery, P. ananatis has 

been responsible for sporadic losses of onion crops in Georgia, but it has been particularly severe 

in certain late-maturing cultivars. In addition to onions, the bacteria has been reported to infect 

cantaloupe, Eucalyptus, honeydew melons, muskmelons, pineapple, and Sudangrass. It has also 

been associated with a condition known as graywall in the tomato (Gitaitis et al., 2003) 

Pantoea sp (Sequence 10) 

Pantoea sp. Reported as having the ability to vigorously colonize rice and to exhibit plant growth 

promoting abilities such as N2 fixation, phytohormone production and phosphate solubilization 

etc. (Verma et al., 2001) this can be potentially useful for rice plants. 

Pantoea vagans (Sequence 11) 

Pantoea vagans is closely related to Pantoea agglomerans, and these two species are often 

isolated from similar environments. 
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Pantoea vagans is a Gram-negative enterobacterial plant epiphyte of a broad range of plants. One 

strain Pantoea vagans, strain C9-1, is commercially registered as a biological control agent 

against fire blight, a disease of pear and apple trees. (Smits et al., 2010) 

 

Isolated Bacteria Belonging to Enterobacteriaceae (Sequences 12 – 24) 

Sequences from the remaining morphotypes exhibited high homology, and the BLASTn results 

matched with Enterobacteriaceae bacterial family with 99%-100% query cover. The results 

included the following species: Enterobacter cloacae strain BHWSL4.2, Enterobacter cloacae 

strain 3849, Enterobacter hormaechei SU103, Enterobacter cancerogenus ILQ201, Uncultured 

Enterobacter sp. clone 65-160B-CB90, Lelliottia sp. strain S2E38, Escherichia coli strain 188, 

Escherichia coli SCU-397, E. coli EcPF5, Klebsiella pneumoniae G-A-TGW, Klebsiella 

pneumoniae subsp. pneumoniae strain SU101, Klebsiella quasipneumoniae subsp. 

similipneumoniae strain 2437, Salmonella enterica SA20083039. 

In cases where the is limited information about the particular strain obtained in the BLASTn 

result, information is included about the bacteria at the species level. 

 

Enterobacter cloacae (Sequences 12 and 13) 

A previously unreported bacterial disease on chili pepper (Capsicum annuum L.) seedlings 

affecting as many as 4% of seedlings was observed in greenhouses in Chihuahua, Mexico. 

Disease symptoms began as small irregular spots and necrosis on leaf tips, and advanced to 

defoliation. A Gram negative, rod-shaped bacterium was isolated from diseased chili pepper 

seedlings. Enterobacter cloacae was later identified as the causative agent of this outbreak 

(García-González et al., 2018). 

 

Enterobacter hormaechei SU103 (Sequence 14)  

E. hormaechei is a nosocomial pathogen that can infect vulnerable hospitalized patients, 

particularly neonates in intensive care units (Wenger et al., 1997)  

The Netherlands witnessed a nationwide outbreak with a strain of E. hormaechei. The strain 

spread through hospitals, despite implementation of internationally accepted infection-prevention 

guidelines, and caused invasive infections in more than 100 patients (Paauw et al., 2006). 

Virulence traits have been tested and all studied strains were shown to have the ability invade gut 

epithelial, and blood–brain barrier endothelial cells, and to persist in macrophages. Due to 

misidentification, it has been suggested that E. hormaechei may be an under-reported cause of 

https://en.wikipedia.org/wiki/Enterobacteriaceae
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infection, especially in neonates. Its isolation from various sources, including powdered infant 

milk formula, also makes it a cause for concern. (Townsend et al., 2008). 

 

 

Enterobacter cancerogenus (Sequence 15) 

 A study documented four cases of E. cancerogenus infection associated with septicemia in two 

elderly men and two urinary tract infections in patients with underlying medical complications. 

(Abbott & Janda, 1997). 

 

Lelliottia (Sequence 17) 

As for Lelliottia, it is a genus that has been associated with corn roots inoculated with Canadian 

woodland soils. It is also known to play significant roles in environmental and agricultural 

sustainability, and the versatility of this bacterial group allows it to colonize diverse 

environmental spheres such as the plant rhizosphere, water, and soils. In addition to the ability to 

adapt in new environments, it also exhibits a wide spectrum of phenotypic traits, including the 

production of active secondary metabolites (Tchagang et al., 2018). 

 

Escherichia coli strains (Sequences 18 – 20) 

Escherichia coli forms part of the normal flora in the gut of humans and other animals. Most E. 

coli are harmless to humans. However, certain pathogenic E. coli strains can infect the gut and 

cause severe illness (Croxen et al., 2013). 

E. coli is a commonly used fecal indicator organism. Its presence in food generally indicates 

direct or indirect fecal contamination. Substantial numbers of E. coli in food suggests a general 

lack of cleanliness in handling and improper storage. In ready to eat foods it is suggested that a 

satisfactory level of E. coli is <20 CFU/g ((Food & Department, 2014). This study did not 

enumerate E. coli, but the presence of E. coli warrants further study to quantify the amount, and 

indicates that there is some form of fecal contamination. 

 

E. coli strain SCU-397 (Sequence 19) has been identified as carrying antibiotic resistance genes 

(Stephens et al., 2020).  
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Escherichia coli strain EcPF5 (Sequence 20) was identified as uropathogenic in clinical cases 

of postmenopausal women with recurrent urinary tract infections (Sharon et al., 2020). 

Enterohemorrhagic Escherichia coli O157:H7 is a major foodborne pathogen that causes severe 

disease in humans worldwide (Lim et al., 2010).  

E coli O157 does not cause disease in cattle and can be found in the feces of healthy cattle, and is 

transmitted to humans by the fecal-oral route through contaminated food, water, and direct 

contact with infected people or animals. Human infection, in addition to causing asymptomatic 

shedding in some individuals, can also be associated with a wide range of clinical illness, 

including non-bloody diarrhea, haemorrhagic colitis, haemolytic uraemic syndrome, and death 

(Mead & Griffin, 1998). 

Interestingly, for all of the three sequences that were identified as E. coli in the BLASTn search, 

E. coli O157:H7 was identified as a secondary result with the same identity and query parameter 

percentages. The presence of this foodborne pathogen is considered unacceptable, and food 

safety guidelines suggest that this strain should not be detected in 25 g of ready to eat food (Food 

& Department, 2014).Without further study it is impossible to know if this foodborne pathogen 

was present or not.  

 

Klebsiella pneumoniae (Sequences 22 and 23) 

Being part of the normal animal and human flora, contamination of food with K. pneumoniae may not 

represent as a public health risk. However, this bacteria can cause destructive changes to human and 

animal lungs if aspirated, resulting in bloody, brownish or yellow colored jelly like sputum. In the clinical 

setting, it is the most significant member of the genus Klebsiella. In recent years, Klebsiella species have 

become important pathogens in nosocomial infections. This bacteria has also been reported as the cause 

of a foodborne outbreak (Calbo et al., 2011). This bacterial species is also of concern because of the 

multiple reports of the presence of antimicrobial-resistant and multidrug-resistant (MDR) K. 

pneumoniae strains in the food chain (Guo et al., 2016) 

Some strains have also been reported that have acquired resistance to last-line antibiotics (i.e., 

carbapenems) (Pitout et al., 2015). 

The existence of K. pneumoniae isolates that carry antimicrobial resistance genes could 

potentially be an indirect public health hazard, regardless of their pathogenicity, because they 

increase the available genetic pool of resistance genes.  

Other studies have also found K. pneumoniae in fresh produce. A study carried out in Singapore 

found K. pneumoniae  in 58% (50 of 86) of raw vegetables (Hartantyo et al., 2020) 

Another study reported lower K. pneumoniae prevalence rates on raw vegetables from wet 

markets, compared with those from supermarkets (Puspanadan et al., 2012). 

https://en.wikipedia.org/wiki/Sputum
https://en.wikipedia.org/wiki/Genus
https://en.wikipedia.org/wiki/Klebsiella
https://en.wikipedia.org/wiki/Nosocomial
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 This difference was attributed to quicker turnover of products, suggesting that prolonged storage 

of vegetables in humid conditions should also be avoided. 

Considering the prevalence of this bacteria in food, and the possibility of infection from this 

bacteria that is known to often have antibiotic resistance, it is not overcautious to suggest 

additional food safety measures need to be practiced downstream, at retail and in the home. 

 

Klebsiella quasipneumoniae subsp. similipneumoniaestrain (Sequence 23) 

K. quasipneumoniae was distinguished from K. pneumoniae as new species in 2004., whereas 

they were previously classified K. pneumoniae phylogroup KpII, since then isolates have been 

obtained from clinical samples (Garza-Ramos et al., 2016). and have been reported to have 

resistance to antibiotics ((Furlan et al., 2020). 

 

Salmonella enterica (Sequence 24) 

According to the CDC, Salmonella accounts for an estimated 1.35 million infections, 26,500 

hospitalizations, and 420 deaths in the United States every year (NM, AL, & RI). Most people 

who get ill from Salmonella have diarrhea, fever, and stomach cramps. It is the third most 

common agent associated with foodborne illnesses, and the No. 1 foodborne pathogen causing 

most hospitalizations and deaths in the United States. 

Salmonella lives in the intestines of most livestock and many wild animals, and is naturally 

present in the environment. This makes it an important food safety challenge. In the guidelines 

for foodstuff in some countries, Salmonella contamination is not tolerated. For example, in 

Canada, any ready-to-eat food found to contain Salmonella spp. would most likely fall under the 

classification of a health risk 2 concern and would lead to a food recall. (Ngueng Feze et al., 

2018). 
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CHAPTER FOUR 

Conclusions and Future Work 

4.1 Conclusions 

In this study a considerable amount and diversity of endophytic bacteria was found in the parsley 

and mint samples studied. Twenty-four different bacterial strains were successfully isolated and 

identified based on their 16S rDNA sequences. This is in agreement with other studies that also 

found a rich diversity of endophytic bacteria in fresh produce (Machado‐Moreira et al., 2019). 

This emphasizes the fact that plant endophytic bacteria are a natural phenomenon and that this 

association is not restricted to a certain group of plants. As for the source of this endophytic 

bacteria, these bacterial species could originate from a number of sources, including soil, 

irrigation water, manure, seeds, workers, insects, bird’s feces, and many other factors that affect 

the bacterial presence in plants.  

While most of the bacterial species found in this study are part of the normal flora found in soil 

and plants, and are only considered opportunistic pathogens, the probable presence of E. coli 

O104:H4 and Salmonella enterica is concerning, considering the possible implications for 

human health. Outbreaks of these bacteria over the past decade have been attributed to the 

consumption of contaminated uncooked foods. Also, the identification of E. coli strains in the 

plant extract means that the samples were exposed to direct or indirect fecal contamination, 

which could be from the irrigation water, soil, manure, or other sources. 

Pathogenic E. coli is not only known to cause huge economic losses, but also impacts human 

health and in some cases even causes death. Infections and intoxication as a result of foodborne 

outbreaks also cause billions of dollars' worth of damage, public health problems, and 

agricultural product loss. A considerable portion of these outbreaks is caused by foodborne 

pathogens on fresh produce. An E. coli O104:H4 outbreak in Germany in 2011attracted great 

attention to foodborne outbreaks caused by contaminated fresh produce, and highlighted 

vulnerability and gaps in the early warning and notification networks in surveillance systems all 

around the world (Yeni et al., 2016). 

It is possible that the source of the bacteria from irrigation water. It has been well-established 

that raw grey water (GW) is contaminated with pathogens (although less than “full” domestic 

wastewater) and other chemical contaminants, and thus should be treated before reuse. Potential 

health risks associated with the spread of pathogenic organisms through the use of treated GW 

are critical issues. In fact, a number of pathogens are occasionally found in raw GW (RGW), 

including fecal coliforms, fecal enterococci, fecal streptococci, Klebsiella pneumoniae, 

and Pseudomonas aeruginosa, among others. Interestingly, contradicting results regarding 

increasing levels of fecal coliforms in soils following long term greywater irrigation were 
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reported. Studies concluded that disinfection of treated greywater may reduce the risks not only 

from the potential presence of pathogens but also from the presence of ARB and antibiotic 

resistance genes (Troiano et al., 2018). 

The striking difference in results between commercial sources of parsley and mint and home 

garden grown parsley and mint also need an explanation. The absence of endophytic bacteria in 

home garden grown parsley and mint could be due to the soil quality and irrigation water used. 

People usually water plants in and around their home garden using municipality water. Chlorine 

is widely used by municipal water systems to disinfect water from bacteria, viruses and other 

microorganisms that cause diseases. The use of this treated water to irrigate home garden grown 

plants may inadvertently kill coliform bacteria that would otherwise be left to colonize the plant. 

This effect has been demonstrated in experiments on spinach irrigated with water containing 

chlorine dioxide (Truchado et al., 2018). 

Interestingly, the bacteria that were found to be particularly susceptible to the disinfected water 

belonged to the Pseudomonaceae and Enterobacteriaceae bacterial families, to which most of 

the bacteria identified in this study belong.  

On the other hand, the assessment of the natural microbiome of consumable plants is important, 

as natural microbial communities may reduce the likelihood of pathogen colonization or 

survival. For example, reduced levels of Salmonella enterica colonization have been observed in 

lettuce that had a more diverse endophyte community. The mechanism for the reduction in 

pathogen numbers with increased endophyte diversity is not conclusively known, but may be due 

to an increased likelihood of the presence of antagonists to S. enterica being present with an 

increase in overall diversity.  

Additional support for this concept comes from a study examining the viability of E. 

coli O157:H7 in romaine lettuce, where the phyllo-sphere bacterial diversity in plants that had 

culturable E. coli O157:H7 cells differed from that on plants where the E. coli was no longer 

viable. Native plant-associated microorganisms can act as competitors to potential human 

pathogens such as Salmonella species and E. coli O157:H7, suggesting that even in the absence 

of specific antagonistic interactions, natural phyllo-sphere and endophytic communities may 

limit the presence and abundance of pathogenic bacteria by simply outcompeting them in the 

living plant. Determining the structure of these communities might therefore provide insights 

into produce-borne outbreaks of disease, and even lead to the development of tools to assess the 

likelihood of these outbreaks occurring. Intentional inoculation of competitive native microbiota 

has even been proposed as a potential method to reduce pathogenic contamination of fresh 

produce (Jackson et al., 2015). 
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4.2 Future Work 

Consumers have the right to be informed and must be warned about any health hazard in their 

food and household products. Greater attention should be paid to the prevention and control of 

foodborne pathogens, as well as the identification of outbreaks. Thus, it is very important to 

develop a rapid and reliable method for foodborne pathogenic bacteria detection.  

Being that this preliminary study produced concerning results, such as the presence of E. coli and 

Salmonella, it is suggested that further inclusive and intensive screening of the soil, irrigation 

water, manure, and plants is carried out to pinpoint the source of the fecal coliform bacteria. 

Surveys should be expanded to include more samples, taken from other markets and sources. 

It is also suggested to do more intensive screening of epiphytic as well as endophytic bacteria 

associated with raw plants, especially those that have close contact to the soil surface. 

Researchers can use selective media for known pathogenic bacteria, and can use E. coli as an 

indicator for fecal contamination. Whole genome sequencing should also be carried out on 

samples to characterize the bacteria more precisely. 

Further studies should also be carried out to elucidate if the endophytic microflora may benefit 

the plants. Identifying the interactions between environment and bacterial organisms should be 

investigated to know what is behind these interactions and any benefits for human or animal 

health. 
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APPENDICES 

 

Appendix A: Chromatograms 

Appendix Figure 1: 16S rDNA forward chromatogram 
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Appendix Figure 2: 16S rDNA Reverse chromatogram 
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Appendix C: BLASTn Results and DNA sequences 

Appendix Figures: BLASTn results with the obtained 16S rDNA sequence as the query  

The morphotypes were sequenced for a fragment of the 16S rDNA region and compared with 

published sequences using BLAST  

(Rami levy mint): Pseudomonas sp strain COR10  

GCTGGCGGCAGGCCTAACACATGCAAGTCGAGCGGATGAAAGGAGCTTGCTCCTGG

ATTCAGCGGCGGACGGGTGAGTAATGCCTAGGAATCTGCCTGGTAGTGGGGGACAA

CGATCGAAGGAACGCTAATACCGCATACGTCCTACGGGAGAAAGCAGGGGACCTTC

GGGCCTTGCGCTATCAGATGAGCCAGGTCGGATAGCTAGTTGGTGAGGTAATGGCTC

ACCAAGGCGACGATCCGTACTGGCTGAGAGGATGATAGTCAcCTGGAACTGAGACA

CGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGAAAGC

CTGATCCAGCCATGCCGCGTGTGTGAAGAAGGTCTTCGGATTGTAAAGCACTTTAAG

TTGGGAGGAAGGGTTGTAGATTAATACTCTGCAATTTTGACGTTACCGACAGAATAA

GCACCGGCTAACTCTGTGCCAGCAGCCGC 
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 (Rami levy parsley): Pantoea agglomerans strain NA131  

GCTGGCGGCGGCCTAACACATGCAAGTCGGACGGTAGCACAGAGGGCTTGGtTcCTG

GGTGACGAGTGGCGGGGGGGTGAGAAGTGTGTGGGGaTGTGCCCGATAGGGGGGGA

AAACCTGTGGACACGGGGTCAAACACCGCATAATGTCaCAACCCAAAAGGGGGGGC

TTTTCGCCTCTCTCACTATCGTGAAAACCCATGTGGTATGAGCTAGTGcGCGGtGTAG

GGGCCCAcCTACGMCACTATCCATATGTGGTCTGAGGGGAAGACCACCCACWCTGG

MTCAGACACACGGTACACACTCATACGGGGGACARCAGTGGAATATATTGCACAGT

GGGCGCACGCCTGACGCACCTGTGCCG 
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 (Rami levy mint): Pseudomonas koreensis strain SS NBRI 17 

CGCTTTCGCACCTCAGTGTCAGTATCAGTCCAGGTGGTCGCCTTCGCCACTGG

TGTTCCTTCCTATATCTACGCATTTCACCGCTACACAGGAAATTCCACCACCC

TCTACCATACTCTAGCTTGCCAGTTTTGGATGCAGTTCCCAGGTTGAGCCCGG

GGATTTCACATCCAACTTAACAAACCACCTACGCGCGCTTTACGCCCAGTAAT

TCCGATTAACGCTTGCACCCTCTGTATTACCGCGGCTGCTGGCACAGAGTTAG

CCGGTGCTTATTCTGTCGGTAACGTCAAAATTGCAGAGTATTAATCTACAACC

CTTCCTCCCAACTTAAAGTGCTTTACAATCCGAAGACCTTCTTCACACACGCG

GCATGGCTGGATCAGGCTTTCGCCCATTGTCCAATATTCCCCACTGCTGCCTC

CCGTAGGAGTCTGGACCGTGTCTCAGTTCCAGTGTGACTGATCATCCTCTCAG

ACCAGTTACGGATCG 
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           (Rami levy parsley): Pseudomonas putida strain C1-1  

ACATGCAGTCGAGCGGATGACTGGTTAGCTTGCTCCTTGATTCAGCGGCGGA

CGGGTGAGTAATGCCTAGGAATCTGCCCTGGTAGTGGGGGACAACGTTTCGA

AAGGAACGCTAATACCGCATACGTCCTACGGGAGAAAGCAGGGGACCTTCG

GGCCCTGCGCTATCAGATGAGCCTAGGTCGGATTAGCTAGTTGGTGGTGTAA

TGGCTC 
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 (Rami levy mint): Pantoea agglomerans strain HTP 

TTTCGCCACCTGACGTCAGTCTTTGTCCAGGGGGCCGCCTTCGCCACCGGTAT

TCCTCCAGATCTCTACGCATTTCACCGCTACACCTGGAATTCTACCCCCCTCT

ACAAGACTCAAGCCTGCCAGTTTCAAATGCAGTTTCCCAGGTTAAGCCSGGG

GATTTCACATCTGACTTAACAGACCGCCTGCGTGCGCTTTACGCCCAGTAATT

CCGATTAACGCTTGCACCCTCCGTATTACCGCGGCTGCTGGCACGGAGTTAGC

CGGTGCTTCTTCTGCGGGTAACGTCAATCGACAGGGTTATTAACCCCGTCGCC

TTCCTCCCCGCTGAAAGTACTTTACAACCCGAAGGCCTTCTTCATACACGCGG

CATGGCTGCATCAGGCTTGCGCCCATTGTGCAATATTCCCCACTGCTGCCTCC

CGTAGGAGTCTGGACC 
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 (Rami levy parsley): Pantoea sp strain B26 

TGCAGTCGGAGGTAGCACAGAGARCTTGCTCYCGKGTGACRAGTGGCGGACGGGTG

AGTAATGTCTGGGGATCTGCCCGATAGAGGGGGATAACCACTGGAAACGGTGGCTA

ATACCGCATAACGTCGCAAGACCCAAGAGGGGGACCTTCAGGCCTCTCACTATCGG

ATGAACCCAGATGGGATTAGCTAGTAGGCGGGGTAATGGCCCACCTATGCGACAAT

CCCTATCTGGTCTGAGAGGATGACCACCCACACTGGAACTGAGACACGGTCCACAC

TCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCACGCCTGATGCACC

CMTGCCGCGTGTATGAAAAAAGCCTTCGGGTTGTAAAGTACTTTCAGCGGGGAGGA

AGGCGATGGGGTTAATAACCCCGTCGATTGACGTTACCCG 
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 (Rami levy parsley): Pantoea vagans strain +Y42 

CCTAAACATGCAGTCGGAGGTAGCACAGAGAGCTTGCTTTCGGGTGACGAGTGGcG

GACGGGTGAGTAATGTCTGGGGATCTGCCCGATAGAGGGGGATAACCACTGtGAAC

GGtGGCTAATACCGCATAACGTCGCAAGACCCCAGAGGGGGACCTTCGGGCCTCTCA

CTATCGGATGAACCCAGATGGGATTAGCTATTAGGCGGGGTAATGGGCCACCTAGG

CGACAATCCCTATCTGGTCTGAGAGGATGACCAGCCACACTGGAACTGAGACACGGt

CCAcACTCtTACGGGAGGCASCAGTGGGGAATATTGCACAATGGGCGCACGCCTGAT

GCAcCCATGCCCCGTGTATGAaAAAGGCCTTCTGGTTGTAAAGTACTTTCAGCGGGG

AGGAAAGCGAtGCGGTTAATAACCGCGT 
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(Rami levy mint): Pseudomonas sp A7-2 

GGTTAGCTTGCTCCTTGATTCAGCGGCGGACGGGTGAGTAATGCCTAGGAATCTGCC

CTGGTAGTGGGGGACAACGTTTCGAAAGGAACGCTAATACCGCATACGTCCTACGG

GAGAAAGCAGGGGACCTTCGGGCCCTGCGCTATCAGATGAGCCTAGGTCGGATTAG

CTAGTTGGTGGTGTAATGGCTC 
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(Hebron market parsley): Enterobacter cloacae strain 3849 

GCTTTCGCACCTGACGTCGTCTTTGTCCGGGGGCCGCCTTCGCCCCGGTATTCCTCCA

GATCTCTACGCATTTCACCGCTACACCTGGAATTCTACCCCCCTCTACAAGACTCTA

GCCTGCCAGTTTCGAATGCAGTTCCCAGGTTGAGCCCGGGGATTTCACATCCGACTT

GACAGACCGCCTGCGTGCGCTTTACGCCCAGTAATTCCGATTAACGCTTGCACCCTC

CGTATTACCGCGGCTGCTGGCACGGAGTTAGCCGGTGCTTCTTCTGCGGGTAACGTC

AATCGACAGGGTTATTAACCCTGTCGCCTTCCTCCCCGCTGAAAGTACTTTACAACC

CGAAGGCCTTCTTCATACACGCGGCATGGCTGCATCAGGCTTGCGCCCATTGTGCAA

TATTCCCCACTGCTGCCTCCCGTAGGAGTCTGGACCGTGTCTCAGTTCCAGTGTGGCT

GGTCATCCTCTCAGACCAGCTAGGGATCGTCGCCTAGGTGAGCCGTTACCCCACCTA

CTAGCTAATCCCATCTGGGCACATCCGATGGCAAGA 
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(Hebron market mint): Klebsiella pneumoniae strain G-A-TGW 

GCTTTTCGCACCTGRCGTCGTCTTTGTCCGGGGGCCGCCTTCGCCACCGGTATTCCTC

CAGATCTCTACGCATTTCACCGCTACACCTGGAATTCTACCCCCCTCTACAAGACTCT

AGCCTGCCAGTTTCGAATGCAGTTCCCAGGTTGAGCCCGGGGATTTCACATCCGACT

TGACAGACCGCCTGCGTGCGCTTTACGCCCAGTAATTCCGATTAACGCTTGCACCCT

CCGTATTACCGCGGCTGCTGGCACGGAGTTAGCCGGTGCTTCTTCTGCGGGTAACGT

CAATCGACAAGGTTATTAACCTTRTCGCCTTCCTCCCCGCTGAAAGTGCTTTACAAC

CCGAAGGCCTTCTTCACACACACGGCATGGCTGCWTCAGGCTTGCGCCCATTGTGCA

AAATTCCCCACTGTGGCCTCCCGTGGGAATCTCGGCCGCGTGT 
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(Hebron market mint): uncultured Enterobacter sp. clone 65-160B-CB90 

CCCACCGGTATTCCTCCAGATCTCTACGCATTTCACCGCTACACCTGGAATTCTACCC

CCCTCTACAAGACTCTAGCCTGCCAGTTTCGAATGCAGTTCCCAGGTTGAGCCCGGG

GATTTCACATCCGACTTGACAGACCGCCTGCGTGCGCTTTACGCCCAGTAATTCCGA

TTAACGCTTGCACCCTCCGTATTACCGCGGCTGCTGGCACGGAGTTAGCCGGTGCTT

CTTCTGCGGGTAACGTCAATCGACAAGGTCACTAAC 
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(Hebron market parsley): Enterobacter cloacae strain BHWSL4.2 

GCTTTCGCACCTGACGTCGTCTTTGTCCGGGGGCCGCCTTCGCCACCGGTATTCCTCC

AGATCTCTACGCATTTCACCGCTACACCTGGAATTCTACCCCCCTCTACAAGACTCT

AGCCTGCCAGTTTCGAATGCAGTTCCCAGGTTGAGCCCGGGGATTTCACATCCGACT

TGACAGACCGCCTGCGTGCGCTTTACGCCCAGTAATTCCGATTAACGCTTGCACCCT

CCGTATTACCGCGGCTGCTGGCACGGAGTTAGCCGGTGCTTCTTCTGCGGGTAACGT

CAATCGACAGGGTTATTAACCCTGTCGCCTTCCTCCCCGCTGAAAGTACTTTACAAC

CCGAAGGCCTTCTTCATACACGCGGCATGGCTGCATCAGGCTTGCGCCCATTGTGCA

ATATTCCCCAATGCTGCCTCCCGTAAG 
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(Hebron market parsley): E. coli strain 188 

TACTGGAAACGGTAGCTAATACCGCATAACGTCGCAAGACCAAAGAGGGGGACCTT

CGGGCCTCTTGCCATCGGATGTGCCCAGATGGGATTAGCTAGTAGGTGGGGTAACG

GCTCACCTAGGCGACGATCCCTAGCTGGTCTGAGAGGATGACCAGCCACACTGGAA

CTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATA 
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(Rami levy parsley): Pantoea agglomerans strain AA2  

GTTTGCTCCCCACGCTTTCGCACCTGACCGTCAGTCTTCGTCCAGGGGGCCGCCTTCG

CCACCGGTATTCCTCCAGATCTCTACGCATTTCACCGCTACACCTGGAATTCTACCCC

CCTCTACGAGACTCAAGCCTGCCAGTTTCAAATGCAGTTCCCAGGTTAAGCCCGGGG

ATTTCACATCTGACTTAACAGACCGCCTGCGTGCGCTTTACGCCCAGTAATTCCGATT

AACGCTTGCACCCTCCGTATTACCGCGGCTGCTGGCACGGAGTTAGCCGGTGCTTCT

TCTGCGGGTAACGTCAATCGGCGAGGTTATTAACCTCACCGCCTTCCTCCCCGCTGA

AAGTACTTTACAACCCGAAGGCCTTCTTCATACACGCGGCATGGCTGCATCAGGCTT

GCGCCCATTGTGCAATATTCCCCACTGCTGCCTCCCGTAGGAGTCTGGA 
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(Rami levy parsley): E. coli strain SCU-397 

GTGTCACTTTCGCTTTGGCAGCAGTGTCTTGCCCGATTGCAGGATGAGTTACCAGCCACAGA

ATTCAGTATGTGGATACGCCCATTGCAGGCGGAACTGAGCGATAACACGCTGGCCCTGTACG

CGCCAAATCGTTTTGTCCTCGATTGGGTACGGGACAAGTACCTTAATAATATCAATGGACTG

CTAACCAGTTTCTGCGGAGCGGATGCCCCACAGCTGCGTTTTGAAGTCGGCACCAAACCGGT

GACGCAAACGCCA 
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(Rami levy parsley): salmonella enterica 

GTCAGTCTTTGTCCAGGGGGCCGCCTTCGCCACCGGTATTCCTCCAGATCTCTACGC

ATTTCACCGCTACACCTGGAATTCTACCCCCCTCTACAAAAC 
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(Hebron market parsley): Enterobacter hormaechei  

GCACCTGACGTCAGTCTTTGTCCAGGGGGCCGCCTTCGCCACCGGTATTCCTCCAGA

TCTCTACGCATTTCACCGCTACACCTGGAATTCTACCCCCCTCTACAAGACTCTAGCC

TGCCAGTTTCGAATGCAGTTCCCAGGTTGAGCCCGGGGATTTCACATCCGACTTGAC

AGACCGCCTGCGTGCGCTTTACGCCCAGTAATTCCGATTAACGCTTGCACCCTCCGT

ATTACCGCGGCTGCTGGCACGGAGTTAGCCGGTGCTTCTTCTGCGGGTAACGTCAAT

TGCTGAGGT 
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(Hebron market mint): lelliottia sp strain S2E38  

GCACCTGACGTCAGTCTTTGTCCAGGGGGCCGCCTTCGCCACCGGTATTCCTCCAGA

TCTCTACGCATTTCACCGCTACACCTGGAATTCTACCCCCCTCTACAAGACTCTAGCC

TGCCAGTTTCGAATGCAGTTCCCAGGTTGAGCCCGGGGATTTCACATCCGACTTGAC

AGACCGCCTGCGTGCGCTTTACGCCCAGTAATTCCGATTAACGCTTGCACCCTCCGT

ATTACCGCGGCTGCTGGCACGGA 
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(Hebron market mint): Klebsiella quasipneumoniae subsp. similipneumoniae strain 2437 

ACCTGACGTCAGTCTTTGTCCAGGGGGCCGCCTTCGCCACCGGTATTCCTCCAGATC

TCTACGCATTTCACCGCTACACCTGGAATTCTACCCCCCTCTACAAGACTCTAGCCTG

CCAGTTTCGAATGCAGTTCCCAGGTTGAGCCCGGGGATTTCACATCCGACTTGACAG

ACCGCCTGCGTGCGCTTTACGCCCAGTAATTCCGATTAACGCTTGCACCCTCCGTATT

ACCGCGGCTGCTGGCACGGAGTTAGCCGGTGCTTCTTCTGCGGGTAACGTCAATCGA

YRAGGTTATTAACCTTATCGCCTTCCTCCCCGCTGAAAGTACTTTACAACCCGAAGG

CCTTCTTCATACACGCGGCATGGCTGCATCAGGCTTGCGCCCATTGTGCAATATTCC

CCACTGCTGCCTCCCGTAGGAGTCTGGACCGTGTCTCAGTTCCAGTGTGGCTGGTCA

TCCTCTCAGACCAGCTA 
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(Hebron market mint): klebsiella pneumoniae strain G-A-TGW 

GCTTTTCGCACCTGACGTCGTCTTTGTCCGGGGGCCGCCTTCGCCACCGGTATTCCTC

CAGATCTCTACGCATTTCACCGCTACACCTGGAATTCTACCCCCCTCTACAAGACTCT

AGCCTGCCAGTTTCGAATGCAGTTCCCAGGTTGAGCCCGGGGATTTCACATCCGACT

TGACAGACCGCCTGCGTGCGCTTTACGCCCAGTAATTCCGATTAACGCTTGCACCCT

CCGTATTACCGCGGCTGCTGGCACGGAGTTAGCCGGTGCTTCTTCTGCGGGTAACGT

CAATCGACAAGGTTATTAACCTTATCGCCTTCCTCCCCGCTGAAAGTGCTTTA 
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(Rami levy mint): Pantoea ananatis strain PC2 

CATGCAGTCGGAGGTAGCACAGAGAGCTTGCTCTCGGGTGACGAGTGGCGGACGGG

TGAGTAATGTCTGGGGATCTGCCCGATAGAGGGGGATAACCACTGKAAACGGTGGC

TAATACCGCATAACGTCGCAAGACCCAAGAGGGGGACCTTCGGGCCTCTCACTATC

GGATGAACCCASATGGGATTAGCTAGTAGGCGGGGTAATGGCCCACCTATGCGACA

ATCCCTATCTGGTCTGAGAGGATGACCAGCCACACTGGAACTGAGACACGGTCCAC

ACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCACGCCTGATGCA

CCCATGCCGCGTGT 
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(Rami levy parsley): Pantoea agglomerans strain +Y43 

CATGCAGTCGGAGGTAGCACAGAGAGCTTGCTCYCGGGTGACGAGTGGCGGACGGG

TGAGTAATGTCTGGGGATCTGCCCGATAGAGGGGGATAACCACTGGAAACGGTGGC

TAATACCGCATAACGTCGCAAGACCCAAGAGGGGGACCTTCGGGCCTCTCACTATC

GGATGAACCCAGATGGGATTAGCTAGTAGGCGGGGTAATGGCCCACCTATGCGACA

ATCCCTAGCTGGTCTGAGAGGATGACCACCCACACTGGAACTGAGACACGGTCCAC

ACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCACGCCTGATGCA

CCCATGCCGCGTGTATGAAAAAAGCATTCGGGTTGTAAAGTACTTTCAGCGGGGAG

GAAGGCGA 
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(Hebron market mint): Enterobacter cancerogenus Strain ILQ201 

CATGCAAGTCGAGCGGTAGCACAGGGAGCTTGCTCCTGGGTGACGAGCGGCGGACG

GGTGAGTAATGTCTGGGAAACTGCCTGATGGAGGGGGATAACTACTGGAAACGGTA

GCTAATACCGCATAACGTCGCAAGACCAAAGAGGGGGACCTTCGGGCCTCTTGCCA

TCAGATGTGCCCAGATGGGATTAGCTAGTAGGTGGGGTAACGGCTCACCTAGGCGA

CGATCCCTAGCTGGTCTGAGAGGATGACCAGCCACACTGGAACTGAGACACGGTCC

AGACTCCTACGGGAGGCASCAGTGGGGAATATTGCACAATGGGCGCAAGCCTGATG

CACCCATGCCGCGTGTATGAA 
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(Hebron market mint): klebsiella pneumoniae subsp. pneumoniae strain SU101 

CATGCAAGTCGAGCGGTAGCACAGTAGAGCTTGCTCTCGGGTGACGAGCGGCGGAC

GGGTGAGTAATGTCTGGGAAACTGCCTGATGGAGGGGGATAACTACTGGAAACGGT

AGCTAATACCGCATAACGTCGCAAGACCAAAGTGGGGGACCTTCGGGCCTCATGCC

ATCAGATGTGCCCAGATGGGATTAGCTAGTAGGTGGGGTAACGGCTCACCTAGGCG

ACGATCCCTAGCTGGTCTGAGAGGATGACCAGCCACACTGGAACTGAGACACGGTC

CAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCAAGCCTGAT

GCASCCATGCCGCGTGTGTGAAGAAGGCCTTCGGGTTGTA 
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(Hebron market parsley): E. coli strain EcPF5 

CATGCAAGTCGAACGGTAACAGGAAGCAGCTTGCTGCTTTGCTGACGAGTGGCGGA

CGGGTGAGTAATGTCTGGGAAACTGCCTGATGGAGGGGGATAACTACTGGAAACGG

TAGCTAATACCGCATAACGTCGCAAGACCAAAGAGGGGGACCTTCGGGCCTCTTGC

CATCGGATGTGCCCAGATGGGATTAGCTAGTA 
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(Rami levy parsley): Enterobacter cloacae strain 3849 

GCTTTCGCACCTGACGTCGTCTTTGTCCGGGGGCCGCCTTCGCCACCGGTATTCCTCC

AGATCTCTACGCATTTCACCGCTACACCTGGAATTCTACCCCCCTCTACAAGACTCT

AGCCTGCCAGTTTCGAATGCAGTTCCCAGGTTGAGCCCGGGGATTTCACATCCGACT

TGACAGACCGCCTGCGTGCGCTTTACGCCCAGTAATTCCGATTAACGCTTGCACCCT

CCGTATTACCGCGGCTGCTGGCACGGAGTTAGCCGGTGCTTCTTCTGCGGGTAACGT

CAATCGACAGGGTTATTAACCCTGTCGCCTTCCTCCCCGCTGAAAGTACTTTACAAC

CCGAAGGCCTTCTTCATACACGCGGCATGGCTGCATCAGGCTTGCGCCCATTGTGCA

ATATTCCCCACTGCTGCCTCCCGTAGGAGTCTGGACCGTGTCTCAGTTCCAGTGTGG

CTGGTCATCCTCTCAGACCAGCTAGGGATCGTCGCCTAGGTGAGCCGTTACCCCACC

TACTAGCTAATCCCATCTGGGCACATCCGATGGCAA 
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(Hebron market mint) Enterobacter cloacae strain 3849 

CGCACCTGACCGTCAGTCTTTGTCCAGGGGGCCGCCTTCGCCACCGGTATTCCTCCA

GATCTCTACGCATTTCACCGCTACACCTGGAATTCTACCCCCCTCTACAAGACTCTA

GCCTGCCAGTTTCGAATGCAGTTCCCAGGTTGAGCCCGGGGATTTCACATCCGACTT

GACAGACCGCCTGCGTGCGCTTTACGCCCAGTAATTCCGATTAACGCTTGCACCCTC

CGTATTACCGCGGCTGCTGGCACGGAGTTAGCCGGTGCTTCTTCTGCGGGTAACGTC

AATCGACAGGGTTATTAACCCTGTCGCCTTCCTCCCCGCTGAAAGTACTTTACAACC

CGAAGGCCTTCTTCATACACGCGGCATGGCTGCATCAGGCTTGCGCCCATTGTGCAA

TATTCCCCACTGCTGCCTCCCGTAGGAGTCTGGACCGTGTCTCA 
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Appendix D:  

Data  

Plate id 

Volume of culture 

plated (ml) 

Dilution 

factor 

Colony 

count CFU/g Pate type  LOG 10 CFU/g 

 

 

Mint rami levy 0.05 100 48 38400 F* 4.58E+00             

Mint rami levy 0.05 1000 43 344000 F 5.54E+00 

Mint rami levy 0.05 1000 57 456000 T* 5.66E+00 

Mint rami levy 0.05 1000 95 760000 T 5.88E+00 

Mint rami levy 0.03 1000 123 64000 T 4.81E+00 

Parsley rami levy  0.03 100 32 92000 F 4.96E+00 

Parsley rami levy  0.03 100 46 64000 F 4.81E+00 

Parsley rami levy  0.03 100 32 1296000 F 6.11E+00 

Parsley rami levy  0.05 1000 108 864000 T 5.94E+00 

Parsley rami levy  0.05 1000 133 1064000 T 6.03E+00 

Mint Hebron  0.05 100 42 33600 F 4.53E+00 

Mint Hebron  0.03 100 30 60000 F 4.78E+00 

Mint Hebron  0.05 1000 233 1864000 T 6.27E+00 

Mint Hebron  0.05 100 288 230400 T 5.36E+00 

Parsley Hebron  0.05 100 258 206400 T 5.31E+00 

parsley Hebron  0.05 100 115 92000 T 4.96E+00 

parsley Hebron 0.05 1000 95 760000 T 5.88E+00 

parsley Hebron  0.05 10000 123 9840000 T 6.99E+00 

parsley Hebron 0.05 100 48 38400 F 4.58E+00 

parsley Hebron  0.03 100 33 66000 F 4.82E+00 

Parsley home  0.03 0 0 0 T 0.00E+00 

Mint home  0.05 0 0 0 T 0.00E+00 

Parsley home  0.03 0 0 0 F 0.00E+00 

Mint home  0.05 0 0 0 F 0.00E+00 

Parsley control  0.05 0 0 0 T 0.00E+00 

Parsley control  0.05 0 0 0 F 0.00E+00 

 

*F (Fecal coliform) *T (Total coliform)  
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Data  

  

 


