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ABSTRACT 

 

Fresh produce linked foodborne outbreaks have become a global concern. 

Nutritional value of vegetables and high prices of meat and meat originated food 

compel common people for consumption of plant originated food particularly salad 

vegetables. Microbial population of vegetable surfaces contains large number of 

pathogenic bacteria including members of Enterobactereace. Most promising 

pathogen among enteric microbes is Escherichia coli (E.coli) that is normally a 

nonpathogenic bacteria and becomes virulent due to several pathogenic factors 

like toxin production. Shigalike toxins are chief disease causing molecular 

structures produced by Shigalike toxin producing strains of E.coli possessing 

genes for shigalike toxin I and shigalike toxin II. It was intended to assess and 

manage the risk associated with these potential pathogens. This research was an 

effort to reduce faecal contamination of salad vegetables consumed in Pakistan 

and to provide clean nutritious food to public. A survey was conducted in three 

markets of Islamabad, Rawalpindi and Lahore and tomato, lettuce, cabbage and 

cucumber were collected from three shops of each market. Each vegetable was 

analysed as unwashed and washed for aeobic plate count (APC), total coliforms, 

faecal coliforms and E.coli. About two hundred and fifty E. coli isolates were 

preserved, serotyped and studied for presence of shigalike toxin genes. Results 

indicated a high APC on all vegetable samples. Total coliforms, faecal coliforms 

and E.coli count exceeded the permissible limits in most samples. Highest APC 

was associated with lettuce (6.6 log10 cfu/g). Tomato was least contaminated by 

APC (5.6 log10 cfu/g). E.coli was detected in tomato, lettuce, cucumber and 

cabbage. Washed samples showed significantly reduced bacterial population. Two 

hundred and fifty isolates of E.coli were biochemically characterized and serotyped 

for O and H antigens. Majority of strains could not be identified by serotyping. 

Polymerase chain reaction (PCR) results indicated presence of shigalike toxins in 

55 E.coli isolates. Raw garlic proved to be most promising antibacterial spice 

extract with maximum zone of inhibition (29mm) and lowest MIC (3mg/ml). Ginger, 

cinnamon, mustard also indicated considerable antibacterial activity. Extracts 



 xii

prepared by using methanol, acetone and water as solvents showed variable 

antimicrobial efficiency. Solvent extraction reduced efficacy of extracts as 

compared to crude extracts. Acetic acid, citric acid and common salt also lowered 

growth of E.coli strains. A treatment solution of pH=2.7, consisting of 5 ml of raw 

extracts of garlic, ginger, mustard, cinnamon, 5 ml of 2% acetic acid, 2% citric acid 

and 1.5% common salt was prepared and directly applied on salad vegetables. 

This composite treatment solution significantly reduced APC and completely 

eliminated total coliforms, faecal coliforms and E.coli. 

 

 These findings conclude with high potentially pathogenic microbial load on salad 

vegetables and urge for preventive action on priority basis. Raw spice extracts 

alongwith non toxic chemicals provide an excellent source for pathogens 

elimination from fresh produce. 
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INTRODUCTION 

 

1.1 BACKGROUND 

Foodborne illness has recently gained much attention worldwide due to its 

deleterious effects on human health and consequentially on national economy. 

Worldwide increased consumption of fresh vegetables in the form of raw and 

minimally processed salads has resulted in increase in foodborne outbreaks which 

sometimes may be fatal. According to an estimate by Centre of Disease Control 

and Prevention, 76 million people get foodborne sickness every year and 5000 

victims among them lose their lives. In United Kingdom 2274 cases of infectious 

intestinal diseases were reported in a year out of which 4% were associated with 

prepared salads. These outbreaks affected 3434 people, 66 were hospitalized and 

one died (Little and Gillespie, 2008). World Trade Organization has passed an 

agreement on Sanitary and Phytosanitary Measures for international trade in 1995 

(WTO, 2000) as food trade among various countries may bring in additional food 

safety challenges by allowing extensive spread of unhygienic food, predominantly 

produce (Johnston, et al., 2006). 

Pakistan being an agricultural country needs a sound quality control system for its 

public to be safe and to have an access to international market. To construct some 

national policies regarding code of conduct for general use and import and export 

of fresh produce a regular research is lacking. Foodborne illnesses seldom come 

into notice in developing countries like Pakistan. The proposed study is thought to 

assess the risk related to consumption of contaminated salad vegetables and 

management of that risk through the use of plant extracts and some commonly 

used antimicrobial agents. 

Hazards and risks are the key parameters of food safety. A hazard is the capacity 

of an entity to cause a harm. A risk is the probability that a definite harm will occur 



Chapter-1                                                                                                Introduction 

2 

Risk Assessment and Management of Escherichia coli in Local Vegetable Markets 
 

associated with the hazard (Patter and Hotchkiss, 1995). Assessment of a hazard 

and risk estimation must be based on scientific research (William et al., 2011). 

This estimation of a risk is called risk analysis. Another important aspect to 

address food safety is Hazard analysis and critical control point (HACCP). It is an 

organized approach to lower the possible risk by examining raw material and 

identifying food manufacturing and management procedures (Patter and 

Hotchkiss, 1995, Lo Fo Wong et al., 2004). It is imperative to make certain food 

safety by preventing foodborne diseases from its point of origin. FAO/WHO report 

(2002) states that foodborne infectious diarrhoea is a major problem worldwide 

accounting for more than 30 deaths each year even in developed countries. 

Unprocessed food items are studied by different researchers for their microbial 

quality. 

 

Codex is a bureau of Food and Agriculture Organization and the World Health 

Organization of the United Nations in cooperation. It sets standards for food on the 

basis of sound scientific investigation and a worldwide consensus exists on their 

adoption for international food trade (CFS, 2007). According to FAO/WHO (2004) 

Codex Training module 4.1, risk analysis is a broader term dealing with the 

assessment of possible impact of hazard and the condition of food while hazard 

analysis addresses in a narrow context as compared to risk analysis. Codex adds 

risk analysis as fundamental part in decision making training package module. 

Risk analysis consists of three major components (FAO/WHO, 1995; Schlundt, 

2002); 

 

1.1.1 Risk Assessment: 

 

The scientific inference of possible or certain detrimental effect resulting from 

human contact to foodborne harmful agents is risk assessment. It incorporates 

potential harm recognition, hazard categorization, exposure estimation and 

description of the threat related to the risk (FAO/WHO,1999; Schlundt, 2002). 



Chapter-1                                                                                                Introduction 

3 

Risk Assessment and Management of Escherichia coli in Local Vegetable Markets 
 

 

1.1.2 Risk Management 

 

It includes the process of weighing course of action in view of risk assessment for 

health shield of consumers and to prevent health malfunctions opting suitable 

control measures (FAO/WHO,1996; Schlundt, 2002). 

 

1.1.3 Risk Communiction 

 

It is the collaborative approach of information regarding risk related factors 

among people who assess the risk and manage the risk, customers, 

manufacturers, literary society and other concerned groups. It also includes the 

details of outcomes based on assessment and the preventive actions resolution. 

It is code of codex that food safety decisions should be founded on scientific 

approach (FAO/WHO, 1999; Schlundt, 2002, FAO/WHO, 2004). 

 

Consumption of fresh produce has increased worldwide as there is a trend 

towards healthy eating (NSW, 2007). Vegetables and fruits are essential to human 

health and vitality, make available indispensable food components like vitamins, 

fiber and minerals to the body (Pavon da silva, 2007). Agricultural farms and 

kitchen gardens provide fresh fruits and vegetables to consumers. They are used 

in ready to eat form and without preservation. They are only refrigerated if needed 

to preserve. The consumption increase is also due to the campaigns organized by 

governments of a country to fight against diseases particularly the problem 

associated with the usage of meat and meat made items. High prices of meat and 

meat associated products also drag people towards raw and minimally processed 

vegetables particularly salad vegetables. 
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Fresh fruits and vegetables were considered safe to eat. However, recent food-

borne events associated with fresh produce have shown presence of foodborne 

pathogens on them (Arthur et al., 2007). These outbreaks are witnessed by people 

of developed countries like the United States, Japan, Germany and developing 

countries like Pakistan. Gastrointestinal diseases are more associated with animal 

originated food as compared to plant originated food as fresh produce require very 

less processing as compared to meat item (European Commission Report, 2002). 

Fresh fruit and vegetables are vital necessity of human life and source of 

nourishment in a balanced diet (Pavon da silva, 2007). Fruits and vegetables are 

produced right through a year with improved growing facilities and enhanced 

trading opportunities. But advancements in food sector technologies have 

augmented health hazards particularly dissemination of foodborne pathogenic 

bacteria (Beuchat, 1996).  

 

Outbreaks as result of Escherichia coli strains like O157:H7 (Söderström et al., 

2005), O26, O55, O91, O103, O111, O128, O145 (Catarame et al., 2003) have 

occurred and Salmonella on tomatoes ( CDC, 2006a), lettuce (Horby et al., 2003), 

cantaloupe (Sivaplasingham et al., 2004) and sprouts (Harb et al., 2003) has also 

produced illness. Listeria monocytogenes was associated with an outbreak by 

consuming raw cabbage, Shigella intoxicated parsley and lettuce and Cyclospora 

sp. was isolated from exotic raspberries (Ferens and Hovde, 2011). 

 

1.2 FOODBORNE OUTBREAK  

 

Foodborne outbreak can be defined as a series of illness spread because of 

infectious agents intake through food (WHO). It becomes an outbreak when more 

than one person was affected with the same symptoms by using some 

contaminated food (Besser et al., 2003). As bacteria take time to multiply, disease 
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symptoms appear after several hours of ingestion of contaminated food. Type of 

symptoms and disease severity depends on the agent involved, can include 

vomiting, nausea, diarrhoea, abdominal cramps, fever, headache, weakness and 

tiredness. Foodborne diseases are basically two types i.e. food poisoning 

(infection of the body after ingestion of microorganisms in food) and food 

intoxication (the intake of toxins produced by pathogenic microorganisms in food). 

Food toxins include exotoxins produced by bacteria. Food intoxication can also 

occur even when the toxin producing bacteria is no longer present in the food or 

unable to cause a disease (Patter and Hotchkiss, 1995 and Besser et al., 2003). 

Food poisoning is mostly bacterial infection and alongwith waterborne illness lead 

to severe health problems and cause more deaths than malaria and tuberculosis 

(Besser et al., 2003). The most common causes of serious food-borne outbreaks 

include Salmonella, Campylobacter and E.coli. Listeria monocytogenes is less 

common but case fatality rate associated with it, is much higher. Viruses such as 

rotavirus and Norwalk virus also cause diarrhoea which causes many deaths in 

underdeveloped countries among the newborns (Salyers and Whitt, 2001). 

Foodborne illness is now happening in Pakistan. Only a small proportion of such 

cases are reported and come into notice. Many people get affected, their infection 

gets resolved in few days with or without medication. These infections become 

more severe like septicemia, meningitis, meningoencephalitis, hemolytic uremic 

syndrome in some cases (Besser et al., 2003). Foodborne illnesses increase 

during the summer because of increased temperature and humidity. Optimum 

temperature for foodborne bacteria ranges from 90 to 110 °F (Bryan, 2004). 

Available moisture compels foodborne and spoilage microorganisms to flourish 

quickly on food to large numbers. People using such contaminated food can get 

the infection. Increased outside activities in summer also increase chances of 

foodborne illness. The safety measures of thermostat controlled cooking, 

refrigeration, and washing facilities are usually lacking in outdoor food 

preparations. 
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1.3 MICROORGANISMS INHABITING GASTROINTESTINAL TRACT OF 

HUMAN BEINGS 

A child gets his faecal flora soon when he is born. Delivery method, gestational 

age of infant and feeding type of newborne decides composition of flora. In case of 

vaginal birth, facultative microorganisms like Escherichia coli and Streptococci 

colonize the infant gut. Cesarean section babies get Enterobacteriaceae other 

than E. coli. Mother fed children have Bifidobacterium at this stage (Besser et al., 

2003). In adults faecal microorganisms vary from man to man. Flow rate of 

intestinal contents also determine faecal microorganisms compositions in intestine 

(Salyers and Whitt, 2001). 

Human oral cavity alone is populated by about seven hundred species of 

microorganisms including Streptococcus, Veillonella, Neisseria, Staphylococcus, 

Fusobacterium, Bacteroides, Lactobacillus, Cornebacterium (Aas et al., 2005). On 

average stomach contains bacteria upto 103 per gram. The small intestine is 

sparingly inhabited with normal flora due to diverse antimicrobial substances found 

in stomach and the short residence time of food in small intestine. The large 

intestine in contrast is a heaven for billions of microorganisms (1011 per gram of 

contents) including bacteria, bacteroides, Fusobacterium, Bifidobcterium, 

Clostridium, Streptococcus, Peptostreptococcus, Lactobacillus, Escherichia and 

Enterobacter (Miller and Wolin, 1981). Escherichia synthesize vitamin k in human 

intestine. The anerobic bacteria outnumber the aerobic bacteria in large intestine. 

Escherichia presence in the large intestine is also linked to proper formation of 

epithelial cell structure (Rice et al., 2003). 
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1.3.1 Coliform bacteria  

Coliform bacteria are an index of water and food sanitation. Coliforms are regularly 

found in the excreta of warm-blooded animals, water, soil and on fresh produce 

(Dogan-Hulkman et al., 2003, www.wikipedia.com). They are mostly bacilli, retain 

safranin dye when Gram stained and do not produce spores. Coliforms ferment 

lactose with release of gas and acid production at optimum temperatures i.e. 35-

37°C (APHA, 1995). β Galactosidase enzyme is abundantly present (94-96%) in 

coliforms and used for coliform group identification (Rompre et al., 2002). 

Half of the wet weight of human colonic material consists of the bacterial cells. 

More than 400 bacterial species are found in the intestinal tract (Tannock, 1999). 

Coliforms include species of Genus Citrobacter, Escherichia, Klebsiella, Serratia, 

Hafnia and Enterobacter. Some of the species are Citrobacter diversus, Ent. 

agglomerans, K. oxycota, Serratia liquifaciens, S. fonticola, S. rubidae, S. 

odorifera, Hafnia alvei and Rahnella aqualitis  (Notermans et al., 1997). 

 

1.3.2. Faecal coliforms  

 

Faecal coliforms are gram-negative rods, non sporulating, do not produce oxidase, 

can live as aerobic or anaerobic bacteria. They are associated with human and 

warm blooded animal faeces. They increase in number by utilizing bile salts or 

other surface agents, and convert lactose to yield acid and gas after 48 hrs 

incubation at 44.5 ˚C. E.coli and some thermotolerant species of Klebsiella are 

faecal coliforms (Jones, 1999). Several other bacterial genera that occur on plant 

materials and pulp also have same characteristics. Klebsiella, Enterobacter, and 

Citrobacter species are included in faecal coliforms although they also grow in 

non-faecal environment. Some bacteria grow under suitable conditions in 

nonfaecal environment such as water, food, and waste. Enterobacteriaceae 

species other than E. coli are associated with plants and do not indicate faecal 
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contamination, yet they are identified as faecal coliforms by the faecal coliform 

assay. E. coli analysis is sufficient for rapid routine determination of faecal 

contamination (Dogan-Hulkman et al., 2003 Doyle and Erickson (2006). This 

suggestion was supported by investigations revealing that 50% of faecal coliform 

colonies found as faecal coliforms in foods were identified as E. coli (Notermans et 

al., 1997).  

 

Foods generally contain potential pathogenic bacteria Escherichia coli, Citrobacter 

freundii, Enterobacter aerogenes, Ent. cloacae and Klebsiella pneumonia. 

 

1.3.3 Escherichia coli  

 

Escherichia coli is named after its discoverer, Theodor Escherich in 1885 (Neil et 

al., 1994) are generally found in human intestine and are non pathogenic. These 

are gram negative, short rods, facultatively anaerobic (CDC). They produce 

vitamin k in intestine and play a nutritional enhancement role (Madigan and 

Martinko, 2006). Some of the strains are pathogenic and cause diarrhoea, urinary 

tract infections and respiratory illness (CDC). The International Commission on 

Microbiological Specifications for Foods reported that term faecal coliforms has 

developed to find quick, reliable methods for assessing the occurrence of E. coli 

and interrelated variants without purifying strains. 

1.4 VIRULENCE FACTORS OF E.coli 

1.4.1 Shigalike or Verocytotoxins toxins 

Pathogenic E.coli strains are able to produce serious illness in humans include 

diarrhoea, vomiting, severe abdominal pain, hemorrhagic colitis (HC), and the 

acute hemolytic uremic syndrome (HUS) (Verweyen et al., 2000; Karch et al., 

2005). The pathogenic factors of E.coli include Shigalike toxins production (Law,  

2000; Kang et al., 2004). Shigalike toxins may be Shigalike toxin 1 and Shigalike 
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toxin 2. Variants of Shiglike toxins also exist which differ in disease severity 

(Schmidt, et al., 2000). Temperate, lambdoid bacteriophages, are responsible for 

encoding and expression of Shigalike toxins during their lytic cycle (Schmidt, et al., 

2000; Law, 2000). Many studies have indicated that haemorrhagic colitis and 

haemolytic-uremic syndrome conditions are produced by Shigalike toxins 

cytotoxicity to intestinal cells. 

Presence of Shigalike toxins genes is not solely responsible for disease 

development. Some other factors like attaching and effacing proteins, intimin 

(encoded by the eaeA gene) and enterohaemolysin (encoded by the Ehly gene) 

also add to disease severity (Kang et al., 2004). 

 

Stx1 and Stx2 contribute 56% similarity with each other (Paton and Paton, 1998). 

Genetic variations occur between Stx1 and Stx2 groups in virulence, toxin 

receptor, and type of amino acids StxA and StxB protein subunits (Scheutz et al., 

2001). Stx2 and the elastase activated Stx2d type are considered as highly 

virulent toxins produced in HUS and HC patients (Friedrich et al., 2002).  

1.4.2 Entetrocyte effacement loci 

Large plasmids of STEC contain the locus of enterocyte effacement. It consists of 

genes encoding for proteins (intimin) which produce the attaching and effacing 

lacerations in intestinal cells (Law, 2000). This locus has been recognized as a 

pathogenicty island and transferred between the bacteria by horizontal transfer 

(Kang et al., 2004). E.coli attaches itself to intestinal villi with the help of intimin 

proteins and produces wounds in human intestine (Kang et al., 2004). 

1.4.3. Enterohemolysin 

Some E.coli strains contain ehxA genes that adds up to E.coli virulence and 

produce cytolysin (also known as enterohemolysin) to create tiny holes in human 
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eukaryotic cells (Kang et al., 2004). Active role of enterohaemolysin in 

gastrointestinal disease is uncertain, it may have an enhancement effect on 

shigalike toxins efficiency (Caprioli et al., 2005). Studies conducted to explore the 

role of enterohemolysin indicate that it induces production of interleukin-1β -1β in 

HUS patients (Taneike et al., 2002). 

 

1.4.4 Serine protease 

 

Secreted serine protease (EspP), have a cytopathic effect on human epithelial 

cells and can cleave human coaggulation factor V( Maroncle et al., 2006). 

 

 All these virulence factors described above are part of affiliatory genetic elements 

transmitted by parallel DNA transfer. 

 

1.5 TYPES OF E.coli. 

 

Since 1890, Escherichia coli was considered as non pathogenic indicator 

microorganism of faecal contamination. Time passed on and researchers started 

isolating pathogenic strains Escherichia coli. E.coli are grouped into six groups 

(Buchanan and Doyle, 1997; Nataro, and Kaper, 1998.). 

 

1.5.1 Enterohemorrhagic (EHEC). EHEC cause a gentle gastroenteritis with 

fever that can lead to bloody diarrhoea. EHEC are the main cause of deaths 

associated with pathogenic E.coli. They produce Shigella like toxins, named as 

Shigalike toxins. The genes coding for shigalike toxins are phage mediated 

transferred (Cowan and Talaro, 2006). They are also called as verocytotoxins 

because of their host verocells. They penetrate the blood stream and harm the 

kidney by damaging the endothelial cells (Hemorrhagic colitis) of the kidney 

resulting in kidney failure a condition known as hemolytic uremic syndrome (Beutin 
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et al., 2007). Pathogenecity of EHEC strains is supplemented by genes of 

enterocyte effacement loci and enterohemolysin (Beutin et al., 2007). The 

antibiotic therapy may add to the disease severity by discharging toxins in the 

patients due to the death of pathogenic E.coli (Salyers and Whitt, 2001; Bopp et 

al., 2003). This type of E .coli include pathogenic serogroups O26, O103, O111, 

O145 and O157 (Law., 2000; Miko et al., 2009). 

1.5.2 Enterotoxigenic (ETEC) 

 

This type of E.coli cause secretory diarrhoea and mostly induce traveler’s 

diarrhoea. ETEC are a risk to both adults and infants who move from developed to 

underdeveloped countries. They get themselves attach to ileal mucosa and 

produce some protein toxins that cause small intestine to lose water. These toxins 

are of two types; a) heat labile toxins or LT that are inactivated by heat b) heat 

stable toxins or ST. LT are A-B type toxins while ST are small proteins (Salyers 

and Whitt, 2001; Bopp et al., 2003; Cowan and Talaro, 2006). 

 

1.5.3 Enteroinvasive(EIEC) 

 

These E.coli strains cause a disease that is very similar to dysentery caused by 

Shigella. They invade gut mucosa and disrupt them. Stool with blood and pus is 

found in such patients. They produce a protein inside host cell that cause host cell 

lysis ( Bopp et al., 2003 ; Cowan and Talaro, 2006). 

 

1.5.4 Enteroaggregative (EaggEC) 

They cause chronic diarrhoea in children and AIDS patients. They get attached to 

human epithelial cells (HEp-2) (Cowan and Talaro, 2006; Bopp et al.,2003). 

Sarantuya et al. (2004) have isolated EaggEC most abundantly from diarrhoea 

underage patients in Mongolia.  
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1.5.5 Enteropathogenic (EPEC) 

 

These strains cause a malabsorbtive diarrhoea. They also contribute to traveler’s 

diarrhoea. They also get attach themselves to intestine with the help of pilli and 

enter toxic proteins to host cells by connecting a channel. Host immune system is 

unable to neutralize the toxins (Bopp et al., 2003., Cowan and Talaro, 2006). 

 

1.5.6 Diffusely adherent (DAEC). They show a diffuse type of adherence to the 

epithelial cells. Most of the patients show watery diarrhoea without blood and pus 

(Bopp et al., 2003). 

 

1.6 E. coli O157:H7 

Among the Shigalike toxin producing strains E. coli O157:H7 is chiefly responsible 

for many foodborne outbreaks globally. Latest research has shown considerable 

genetic diversity among O157:H7 isolates for pathogenic factors like Shigalike 

toxins, intimin and enterohemolysin (Kim et al., 1999).  

Year 1982 witnessed the first documented outbreaks of foodborne illness by E. 

coli O157:H7. E. coli O157:H7 was harboured by undercooked hamburger meat. 

Raw milk, leafy vegetables, sewage contaminated water, ground beef, 

unpasteurized fruit juices, vegetables from fields fertilized by animal manure and 

curd act as carrier of E.coli O157:H7(Michino et al., 1999; CDC, 2006). 

Few cells of E. coli O157:H7are needed to cause an infection. Young children and 

the elderly people are more susceptible to E. coli O157:H7 infection. After 

ingestion in food, it disseminates quickly in human intestine surviving stomach 

acidic environment.   It can live in diverse conditions of water and soil, very low 

temperatures and drought conditions do not harm its survival. It has high 

adaptibility to low pH conditions. Cooking at elevated temperatures (160˚F) and 

pasteurization, completely eliminate the microorganism. Temperature, pH and 
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water availability greatly affect life cycle of E. coli O157:H7 in foods (Davis and 

Kendall, 2009). Less number of cells required to cause a disease, virulence factors 

and tolerance of unfavourable conditions make E. coli O157:H7 a challenging 

microorganisms. Strict preventive strategies are needed to effectively control the 

pathogen in the field and kitchen. Researchers have suggested two different 

lineages for E.coli O157:H7 isolated from human and bovine samples (Kim et al., 

1999).  

Dairy items retain E. coli O157:H7 until these are consumed. Acidic conditions and 

acidic foods can no longer be considered safe because of E.coli O157:H7 

adaptability to low pH (Vivegnis et al., 1999).  

 

1.7 VEROCYTOTOXIN E.COLI OTHER THAN O157 

 

Most prominently rising food-borne pathogen include non O157 groups of 

verocytotoxin-producing E.coli (Johnson, et al., 2006; Dambrosio et al., 2007). 

Large scale of ailments is associated with O26 serogroup having considerable 

public health influence. Diseases caused by O26 may range from mild 

gastroenteritis to complete kidney failure (HUS) and thrombotic thrombocytopenic 

purpura (TTP). They can occasionally stick with the mucosal epithelium of cattle 

rectum without any obvious complications (Low et al., 2005). Rising virulent 

Shigalike toxin-producing E. coli serotypes include O145, O128, 026, O111,O103, 

O55 and O91(Catarame et al., 2003). Karama et al. (2009) has found a strain of 

E.coli103:H2 as verocytotoxin producing. 

Pradel et al. (2001) isolated different serotypes of E. coli like O91 and OX3 from 

cattle and food samples and tested them for presence of Shigalike toxin 2 and its 

variants genes in them. They found either stx2 of one particular type. Sometimes 

two or three variants of Shigalike toxin 2 genes existed in one strain. HUS patients 

were infected by all three variants of shigalike toxins studied. Isolates from food 
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samples possessed genes for stx2vh-b. They did not find any correlation between 

stx2 variant types and their origin. 

 

 

1.8 RESEARCH WORK RELATED TO SHIGALIKE TOXINS 

 

Different E.coli strains produce toxins that are most important virulent 

characteristics of enterohmorrhagic E. coli (EHEC) .These toxins are mainly of two 

types; shigalike toxin I (Stx 1) and shigalike toxin II (Stx 2). They may occur alone 

or coexist in one strain (Vivegnis et al., 1999; Wagner et al., 2001; Chern et al., 

2004). These potential toxigenic factors are initially part of temperate lambdoid 

bacteriophage genomes (Schmidt et al., 1999; Wagner et al., 2001). It is found 

that pre-requisite induction of the resident Stx2-encoding prophage is essential for 

toxic protein formation in an O157:H7 pathogenic strain. Human neutrophils 

produce hydrogen peroxide (H2O2) which induce prophages thus inducing toxin 

production by EHEC. Wagner et al., 2001 postulated that both neutrophils and 

H2O2 augment EHEC pathogenesis. Beutin et al. (2007) found coexistence among 

major genotypes of the Stx1 and the Stx2 variants. 

   

Shigalike toxin is a usual AB5 toxin where active (A) subunit is attached with a ring 

of five alike binding (B) subunits (Endo,et al., 1988., Wagner et al.,2001; Wen, et 

al., 2006). The B subunit orients the A subunit to target cells that express the 

glycosphingolipid globotriaosylceramide (Gb3) (Endo et al., 1988; Lingwood, 1999). 

B subunit attaches itself to terminal digalactose of the Gb3 receptor and make an 

entry for subunit A to the endoplasmic reticulum. Then subunit A moves to 

cytoplasm (Sandvig and van Deurs, 1996). 
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Bacteriophages act as carriers for spread of shigalike toxin genes between E.coli 

strains. It is evident life cycle of phage has a pivotal role in Stx production by 

EHEC as it increase shigalike toxin gene copy number as phage DNA replicates, 

when phage becomes lytic after lysogenic cycle, it transcribes more toxins and 

lead to more toxin release when phage cause bacterial host cell to lyse (Neely and 

Friedman,1998; Waldor, 1998; Plunkett et al., 1999). Several antibiotics used to 

cure diarrhoea are thought to enhance bacteriophage production and hence 

increase severity of infection in HUS patients (Wong et al., 2000). 

Pradel et al., (2001) analysed isolates from patients of hemolytic-uremic syndrome 

(HUS), cattle and edible items by different PCR techniques revealed 

heterogeneity. The results indicated that PFGE alongwith RFLP is most promising 

molecular technique applied for genetic diversity of Shigalike toxin producing E. 

coli. These techniques revealed some similarities and distinctions between man, 

animal and food isolates of E.coli in a particular study area.  

Stx toxin 2 intensify disease by its cytotoxicity and enhance bacterial attachments 

to the mouse intestine by employing nucleolin which is a host cell receptor for 

attaching and effacing protein (Sinclair and O'Brien, 2004). Muniesa et al., (2003) 

observed a high degree of association between EHEC disease severity in man and 

concentration of shigalike toxin produced. Presence of cytotoxic genes do not 

necessarily induce toxin production as Aslantas et al., (2005) isolated 65 isolates 

possessing stx genes, 8 isolates harbouring stx2 gene sequence did not induce 

cytotoxicity on Vero cell. No variation in toxins was detected quantitatively 

between isolates from different sources. Orth et al., (2007) found that stx type 

determines disease severity produced by STEC strain and amount of toxin has 

less influence.  

 

Beutin et al. (2007) studied more than two hundred Shiga toxin-producing 

Escherichia coli (STEC) strains from different dairy products sampled in Germany 

between 2005 and 2006. All strains were serologically tested and their genetic 
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diversity was sought for presence of Stx1 and Stx2. Stx1 gene and its variants 

were detected in 40.2% strains and stx2 genes alongwith its mutants existed in 

80.8% strains. Specific PCR techniques were used for toxin genes amplification. 

Restriction fragment length polymorphisms (RFLP) was used for complete detail of 

toxins. E.coli belonged to serotypes were O26 and O103. E.coli O157:H7 was also 

detected with O22:H8, O91:H21, O113:H21, O174:H2, and O174:H21. Strains 

also contained the eae genes. Forty three percent of STEC strains harboured stx2 

and mucus-activated stx2d genes. Atypical enterohemorrhagic E.coli were noticed 

frequently. Stx2 and variants stx2v-ha, stx2v-hb, and stx2-NV206 genetic 

sequences were found in 94 toxin producing strains from dairy products. It is 

evident from many scientific surveys that most strains carry shigalike toxin I genes 

(Beutin et al., 2009). Stx1 and its variants (stx1c and stx1d ) were revealed in 

40.2% and stx2 genes along with its variants 80.8% of isolated strains.  

 

Karama and Gyles, (2008) studied Escherichia coli (VTEC) O103:H2 and 

characterized verotoxin-encoding phages of Shigalike toxin producing strains from 

different origins. They found human phages more readily inductable in bacteria as 

comapared to animal originated strains. Stx 2b and Stx 2c exhibit similar potential 

to cause a disease as that of Stx 1, while Stx 2a, Stx 2d, and elastase-cleaved Stx 

toxin 2d  is 40 to 400 times more intoxicating than Stx 1 (Fuller et al., 2011).  

 

1.9 SOURCES OF FOODBORNE PATHOGENS 

 

It is important to have an idea about the source of potential contaminants in raw 

and the whole food industry. Different researchers have investigated the microbial 

flora of fresh produce available in local supermarkets, street markets, shops and 

hawkers (da Silva, 2007). E. coli is most extensively present in all ruminants 

particularly in cattle including beef and dairy animals (Dombrosio et al., 2007., 

Hussein, 2007). Birds, insects and scavengers also carry the bacteria. These 
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animals do not get infection while carrying them but shed the pathogen in their 

excreta (Aslantas et al., 2005 Davis and Kendall, 2009). 

 

There are many other potential sources for the vegetables to become 

contaminated with pathogenic microorganisms from field to kitchen. Vegetables 

grow near soil which is the reservoir of all types of pathogens (Davia and Kendall, 

2009) like Listeria monocytogenes (Nicholson et al., 2005), Clostridium botulinum 

and Bacillus cereus are natural inhabitant of some soils (Aslantas et al., 2009). 

Water splashing from rain or irrigated supply could potentially transfer pathogens 

from soil to vegetables. They get contaminated further during harvesting and 

processing (NSW, 2007). Fresh produce become more contaminated during 

transportation to main markets or mandis. The sprinkling of water on vegetables to 

keep them fresh is common practice in Pakistan. 

 

Coliforms in drinking or recreational (pools) water has a role in disconcentrations 

during many foodborne outbreaks (Feldman et al., 2002; Ibekwe et al., 2002). 

Irrigation water contaminated with E.coli 54.8% contained coliforms in Brazil 

(Simeose et al., 2001). Irrigating vegetable crops with sewage and nullah water is 

a common practice in some areas where canal water is not available. 

 

Plant grown for their edible underground parts and upper vegetative portion are 

more prone to faecal contamination from organic fertilizer applied to soils (Simeos 

et al., 2001). These plants also get contamination from grazing animals in fields 

(Dambrosio et al., 2007). Research work indicated transfer of virulent bacteria 

from animals to man (Miko et al., 2009). Open washroom system still exists in 

some areas where people go to the fields for toilet activities. Studies have 

demonstrated that pathogens present in contaminated soil remain active up to two 

months or more and soil with high moisture content will have a higher microbial 

count (Silva et al., 1995).  

. 
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Multi Drug Resistant E. coli strains in meat sold at retail outlets may exhibit a 

serious potential threat for human health (Dambrossio et al., 2007).  Aslantas et 

al., (2005) confirmed presence of verocytotoxigenic E.coli strains in samples 

collected from cattle rectum of slaughterhouses in Turkey and observed shedding 

of E. coli O157 during the hot months by cattle before slaughter. 

 

Cross contamination from contaminated sources and human body that come in 

contact with raw vegetables or processed food represent potential source of 

pathogenic microorganisms throughout food chain. Ingham et al., (2004) 

scrutinized the agricultural practices including role of animal manure in 

contamination of fresh vegetables with pathogenic microorganisms. Using organic 

fertilizer without pre treatment to destroy pathogens increases their occurrence on 

growing vegetables. Persistence of indigenous E. coli was observed till end of the 

study in organic fertilized soil (Jones,1999; Bolton et al.,1999; Ingham et al., 

2004). Jones (1999) described E. coli that survived for at two months in soil at 

optimum temperatute and the time period extended upto more than three months, 

when soil temperature was quite low (4°C). Pathogenic strain of E.coli (O157:H7) 

was consistently found in sewage containing soils in some studies (Bolton et al., 

1999). Grazing cattle in fields and birds droppings also add to E.coli population in 

soil. Organic manure consisting of animal wastes should be applied to soils much 

before the crops are sown. This practice would reduce bacterial contamination of 

soil and their entry to fresh produce. Ingham et al., (2005), also observed birds 

and some mammalian defacation activity increasing microbial contamination in 

soils. Van Renterghem et al. (1991) detected some pathogenic bacteria after 

addition to soil upto full growing season in radish growing fields. It is evident from 

their results that vegetables get pathogenic population at seedling stage. 

Implications have been made from previous research that microbial colonization of 

vegetable at early growing age is due to bacterial entry through roots (Cooley et 

al., 2003; Dong et al., 2003). Root inoculation of vegetables lead to travel of 

foodborne pathogens to all plant parts, contaminating the entire plant in the 
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absence of competitor microbe (Cooley et al., 2003; Cooley et al., 2006). Protein-

labeled Salmonella enteric and E. coli O157:H7 were inoculated in Arabidopsis 

roots. Invasion of lateral roots was clearly visualized.  Movement to other plant 

parts was also noted with the cell sap. Although the invasion rate declined with the 

presence of other bacteria and with plant maturity but both initial bacteria survived 

till 21 days (Cooley et al., 2003). Internalization of a pathogenic microorganisms is 

feasible at seedling stage and with maturity of plant, the internalization rate 

decreases. Animal manure application to soil serves as vehicle for pathogens 

transfer from soil to vegetables growing in fields as exposed surface of fresh 

produce is more vulnerable for microbial entry. Contaminated irrigation water use 

also provide faecal contamination to soils (Simeos et al., 2001; Natvig et al., 

2002).  

Harsh conditions like osmotic stress, acidic environment in the host gut make 

enteropathogens overcome the unfavourable conditions of leaf surface and 

increase virulence of a human pathogen (Brandl, 2006).  

1.10 E. coli and FOODBORNE OUTBREAKS:- Review 

The first food poisoning outbreak that drew remarkable attention of health policy 

makers occurred in 1982. E.coli O157:H7 was identified as causative agent. 

Undercooked hamburger meat was identified as the carrier (Dambrosio et al., 

2007). Sakai City, Osaka, Japan witnessed an outbreak of Escherichia coli O157: 

H7 infection among school children in 1996, July (Michino et al., 1999). School 

lunches served between July1 to 8 were thought to contain food poisoning 

material. The white radish sprouts from one particular agricultural farm were 

considered responsible and were the only uncooked food item common on the 

involved days in two districts schools. Radish sprouts from the same farm were 

also related to two more incidents of E. coli O157: H7 in surrounding areas. The 

pulse-field gel electrophoresis results showed similarity with the band pattern of 

strains isolated from patients of affected area.  
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In September 2006, an outbreak occurred in 26 states of the USA and infected 

199 persons were found to be sick with a strain of E. coli O157:H7 (CDC, 2006). 

Among those people three casualities occurred, 102 were hospitalised and 31 

developed Haemolytic uraemic syndrome (HUS). Spinach grown in three 

California counties was held responsible for the incident. The same produce was 

supplied to Canada, Mexico, Taiwan, Hong Kong and Iceland. No case of food 

poisoning was reported there. 

 

Delignette-Muller and Cornu (2008) worked on a food poisoning outbreak that 

occurred in French colonies by consumption of ground beef patties. These beef 

patties were frozen and used by children under ten years of age. Authors 

incorporated results from French surveys conducted by Fantino, 2005; Lafay et al., 

2006.  They proposed two models for children a) children under 5 years age and 

b) children ranging from 5-10 years age. Hemolytic Uremic Syndrome data 

exhibited the ingested dose of the pathogenic E.coli O157:H7. Results showed 

that children under 5 years of age are about 5 times more prone to pathogenic 

attack because of their less immunized immune system than children over 5 years. 

The model was used to provide an overview of the outbreak and manage any 

expected outbreak. They also validated influence of proper cooking of food items.  

May 2011 witnessed most catastrophic foodborne outbreak in Germany that 

spread to other European States accounting for more than 3000 illnesses and 39 

deaths only in Germany. Hundred confirmed cases of kidney transplants needed 

(Dempsey and Neuman, 2011). Surprisingly, most of the victims were adult and 

two third affectees were women. Judy Dempsey and William Neuman (2011) of 

The New York Times reported this June that bean sprouts contaminated with 

E.coli O104:H4 were responsible for the deadly putbreak. The New York Times 

has declared this outbreak as “one of the most catastrophic food-borne illnesses in 

years”. German authorities have first blamed Spanish cucumbers for being the 

uncooked food item responsible for the outbreak.  Later, blame was taken back as 
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cucumber lack the catastrophic strain of E. coli O104:H4. A Chinese laboratory 

has sequenced the particular isolate of O104:H4 and found it resistant to many 

antibiotics (www.foodsafetynews.com). 

 

1.11 LITERATURE REVIEW: MICROBIAL QUALITY OF FOOD ITEMS 

 

Simões et al., (2001) analysed samples of vegetables from home gardens and 

irrigation water in Campinas, Brazil. Each vegetable sample was collected in 

duplicate for the bacteriological and parasitological analyses. They found 

excessive faecal contamination of vegetables in dry season and parasites were 

significantly more frequent in vegetables in the rainy season, while excessive 

faecal coliforms contamination was found in the dry season. Only 11.8% of the 

water samples were considered unsafe for human consumption according to 

Brazilian law. More than fifty percent of irrigation water contained coliforms. They 

suggested a proper monitoring of the irrigation water supply to reduce 

contamination of vegetables and formulation of new legislative laws. 

 

Johannessen et al., (2002) analysed about nine hundred samples of vegetables 

and some fruits sold at Norway markets. These food items include lettuce, salads 

before cutting, growing herbs, parsley and dill, mushrooms and strawberries. The 

analysis took place for foodborne pathogens including thermotolerant coliform 

bacteria (TCB), Escherichia coli O157, Salmonella spp., Listeria monocytogenes, 

Staphylococcus spp., and Yersinia enterocolitica. E. coli O157 and Salmonella 

were not isolated from any sample. TCB were present in few samples ( number 

varied from 10 - 4500 CFU/g ). Thermotolerant Klebsiella and Enterobacter spp. 

were found in most samples. L. monocytogenes was isolated from three samples, 

Staphylococci were detected in maximum number of samples of strawberries and 

mushrooms. Four strains of non toxin producing S. aureus were isolated. Yersinia 

enterocolitica was detected by PCR some lettuce samples (3%). The bacterial 
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quality of fresh produce indicated low occurrence of pathogenic bacteria in 

Norway.  

 

Dogan-Halkman (2003) studied faecal and E.coli contamination of 500 food items 

including dairy products, delicatessen products, salads, condiments and fresh fruit 

and vegetable samples from Ankara, Turkey. Most probable number (MPN) 

method was used for their enumeration. The results of reliability analyses 

indicated that fecal coliform counts and E. coli counts may be used 

interchangeably. E. coli was not detected in 33 samples (6.6%) that contained 

fecal coliforms. The differences between fecal coliform and E. coli counts were 

small, with a weighted mean of only 0.25 log MPN/g-ml. Using the LST+MUG 

technique, the absence of E. coli using this method does not absolutely assure 

that fecal contamination did not occur in the analyzed sample.  

Johnston et al., (2006) studied microbial quality of fresh produce of domestic and 

Mexican origin in field, during the packing process, production and processing. 

Foliage vegetables, herbaceous plants, melons, and some other vegetables were 

screened for aerobic plate count, total coliforms, total Enterococcus, Escherichia 

coli and other foodborne pathogens. One hundred and twelve isolates of 

Enterococcus faecium and E. faecalis were scrutinized for antibiotic resistance 

against 17 antibiotics. Fresh produce contained Aerobic Plate Count (4.0 to 7.9 

log10 CFU/g), maximum coliforms were 4.5 log10 CFU/g and  E. coli population 

ranged up to 4.0 log10 CFU/g. Enterococcus touched the maximum population of 

5.4 log10 CFU/g. No sample contained E. coli O157:H7. L. monocytogenes was 

detected in some local cabbage samples contained. E. faecium had a higher 

degree of resistance to antibiotics, while Enterococcus spp. isolated from Mexican 

produce had a higher degree of antibiotic resistance when compared to strains 

isolated from produce samples of domestic origin.  
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Meldrum et al. (2006) surveyed more than three thousand food samples in a time 

period of 16 months and analysed them for aerobic plate count, Escherichia coli, 

Bacillus cereus, Staphylococcus aureus, Salmonella, and Listeria monocytogenes. 

Cream cakes demonstrated highest microbial load alongwith custard slices and 

egg mayonnaise sandwiches. Dried fruits showed highest hygienic quality and 

harboured less number of contaminating microbes. They concluded that the ready-

to-eat food samples examined, exhibited little bacterial hazard to consumers. Sixty 

five percent samples were collected from southeast Wales vegetable suppliers. 

Some food items including meat based food items contained unacceptable limit of 

pathogens. Although food items possessed lower level of the unsatisfactory rates 

still ready-to-eat foods continue to pose a low hazard to consumers in terms of 

bacterial presence. Pavon da silva (2007) sampled more than fifty vegetables and 

analysed them for mesophilic and psychrotrophic microorganism counts. Analyses 

were carried out after every month. Mean CFU/g values for mesophilic counts and 

psychrotrophic microorganism counts indicated that months of higher 

temperatures produced higher counts; whereas lower temperature periods 

produced lower counts. Coliforms were analysed every two months and ranged 

from less than 3 MPN/g to 2.4 x 104 MPN/g. Faecal coliform counts ranged from 

<3 to 1.1x104 MPN/g.  

 

Valentin-Bon et al. (2008) worked on bacterial population of spinach and lettuce 

mixes kept as bagged cut. Hundred samples showed mean total bacterial counts 

of 7.0 log10 CFU/g and a broad range of <4 to 8.3 log10 CFU/g. Most probable 

numbers (MPN) of >11,000 /g coliforms were found in more than fifty percent 

samples, and Escherichia coli bacteria were detected in 16 samples, but no E. coli 

count exceeded10 MPN/g. The mean total count of the samples examined was 

around 7.0 log10 CFU/g, with a broad range of _4 to 8.3 log10 CFU/g. 

 

Miko et al. (2009) isolated 140 STEC strains from wildlife animals including deer, 

wild boar, and hare in Germany between 1998 and 2006 and serologically tested 
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for virulent human genes. The strains were categorized in 38 serotypes. Group 

O21, O146, O128, O113, O22, O88, O6, and O91 and H21, H28, H2 and H8 were 

more frequently found in game animals. Eighteen serotypes, including EHEC 

O26:H11 and O103:H2 were associated with human illness. Genes responsible for 

shigalike toxins and intimin proteins were found in 46 (32.8%) STEC strains of wild 

animals. These 54 STEC isolates were compared with 101 STEC of same 

serotypes isolated from farm animals, from their food products, and from human 

patients by XbaI pulsed-field gel electrophoresis. All strains possessed 85 to 100% 

similar to STEC isolates of the same strains from human patients. Cluster analysis 

revealed 90 to 100% similarity between the human pathogenic strains and game 

isolates. 

 

1.12 ASSESSING THE RISK 

 

1.12.1 Determination of total coliforms, faecal coliforms and E.coli 

 

Food samples contain large number of microorganisms on their surface. These 

microorganisms include coliforms, faecal coliforms and E.coli alongwith spoilage 

organisms. Aerobic Plate Count (APC) represents total number of microorganisms 

in a food or product (Maturin and Peeler, 1998) and is determined by pour plate 

method as described in FAO Manual of Quality Control: Microbial Analysis (1992). 

Detailed procedures for determining the APC of foods have been developed by the 

Association of Official Analytical Chemists (AOAC, 1990) and the American Public 

Health Association (APHA, 1984). Various detection methods are developed and 

used by researchers (Rompre et al., 2002). Standard Methods for the Examination 

of Dairy Products, 16th ed. (APHA, 1993) presents detailed guidelines; for 

uniformity, therefore, report all aerobic plate counts (APHA, 1993) computed from 

duplicate plates containing more than 250 colonies as estimated counts. Counts 

outside the normal 25-250 range may give erroneous indications. Dilutions used 

are recorded and total number of colonies counted. CFU exceeding 250 per plate 
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are noted as too numerous to count (TNTC). The bacterial count depends on the 

type of media used. Commonly Plate count Agar (PCA) is used for APC (Yousuf et 

al., 2008). An incubation temperature around 35ºC favours mesophiles, and 

provides a general index of sanitary or hygienic conditions of the handling and 

processing of the product (www.termwiki.com).  

In 1904, first time the faecal coliform assay was used to assess presence of faecal 

contamination in water and foods. More specific indicator of faecal contamination 

is Escherichia coli determination (Doyle and Erickson, 2006). Total coliforms, 

faecal coliforms and E.coli are determined by Most Probable Number Technique 

(MPN). The MPN method involves taking the original solution or sample, and 

subdividing it by orders of magnitude, assessing presence/absence in multiple 

subdivisions. This method is also achieved by performing serial dilutions of a 

bacterial culture into media and then further dividing the serial dilutions into 

aliquots. The cultures are incubated at a particular temperature 

(www.wikipedia.org). Evans et al. (1981) has verified membrane filter method to 

be used for coliform count. Comparison between the most-probable-number and 

single step membrane filtration methods for the recovery of coliforms from 

chlorinated samples and UV irradiated effluent samples. No significant differences 

were found in survival in the secondary effluent samples, as tested by the MPN 

and MF methods. Traditional methods for coliform detection include the multiple-

tube fermentation (MTF) technique and the membrane filter (MF) technique using 

different specific media and incubation conditions (Rompre, 2002). These methods 

have limitations nowadays, the simple and inexpensive membrane filter technique 

is the most widely used method for routine enumeration of coliforms in drinking 

water. The enzymes β-  galactosidase and β-  glucuronidase are widely used for 

the detection and enumeration of total coliforms and Escherichia coli, respectively. 

Sophisticated analytical tools such as solid phase cytometry can be employed for 

time reduction needed to detect coliforms. 
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1.12.2 Serotyping 

Serotyping is a molecular-based scheme of immunological reactions in various 

antibodies against coliform bacteria (Rompre et al., 2002). The species 

Escherichia coli is serologically divided in serogroups and serotypes on the basis 

of its antigenic composition (somatic or O antigens for serogroups and flagellar or 

H antigens for serotypes). Capsules are present in some strains that act as 

capsular or K antigens. Despite of their importance in pathogenesis, K antigens 

are infrequently used in serotyping (Campos et al., 2004). These serotypes display 

distinct characteristics and isolates are categorized as virulent and non virulent on 

the basis of serotyping. 

The reaction between the standard O antigens of Escherichia coli and rabbit 

antisera is used to produce a much simpler, faster, and cheaper method of 

serotyping (Thompson, 1986; Beutin et al., 2007). In the beginning, only 20 

different O antigens were described by Kauffman, (1944), their figure raised upto 

over 160 as new pathotypes are discovered with passage of time. The newly 

found antigens were studied for their serology and biochemical characteristics by 

0rskov et al. (1977), who arranged the research analysis. Microscopic, iron cored 

beads coated with antibody specific to E. coli O157:H7 were used to capture E.coli 

O157:H7 from meat samples (Okrend et al. 1992). The toxin concentration 

produced by different strains can be detected by enzyme-linked immunosorbent 

assay (Atalla et al., 2000).  

 

Vero cell cytotoxicity assay is used to check shigalike toxins production 

(Bettelheim, 2007). DNA sequence coding for the lacZ gene (β-galactosidase 

gene) and the uidA gene (β-  glucuronidase gene) has been used to detect total 

coliforms and E. coli, respectively (Rompre et al., 2002). 
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1.12.3 DNA extraction 

 

In order to characterise genetic material of E.coli, DNA must be extracted. 

Different protocols are utilized to isolate DNA of microorganisms. AbdulMawjood et 

al. (2003) prepared DNA from E.coli cell suspensions by boiling method. Various 

DNA extraction kits are also available like DNeasy isolation kit (Qiagen, 

Darmstadt, Germany), Fermentos DNA extraction kit etc. Manufacturer’s directions 

are provided with the kit.  

 

1.12.4 Polymerase Chain Reaction (PCR) 

Polymerase chain reaction (PCR) alongwith some hybridization  techniques can 

be used to detect coliform bacteria (Rompre et al., 2002; Beutin et al., 2007). PCR 

is a simple in vitro synthesis of essentially limitless quantities of target sequence of 

nucleic acid. This reaction occurs in a programmable thermal cycler. An enzyme 

DNA polymerase synthesizes a new DNA strand by copying a target sequence 

under proper conditions. This whole process requires two oligonucleotide primers, 

a heat stable DNA polymerase, equal quantity of deoxyribonucleotides 

triphosphates, MgCl2, KCl and a Tris –HCl buffer. At the end of a PCR cycle the 

targeted sequence is doubled and multiple copies can be formed because of the 

chain reaction (Nolte and Caliendo, 2003). When two or more sets of primers are 

used to amplify different sequences, the process is called multiplex PCR. PCR is 

extensively used to identify pathogenic strains and their pathogenic factors 

(Schmidt et al., 2000; Jinneman et al., 2000; Bhagwat, 2003; Hsu et al., 2007). 

Sarantuya et al. (2004) evaluated by PCR for detection of 10 virulent genes to 

classify the E.coli in different group. The incidence of each gene was significantly 

higher in the diarrhoeal group than in the control group, except for heat labile (lt), 

stx1, and stx2.  
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1.13 RISK MANAGEMENT: CONTROL OF PATHOGENS  

 

Main human infections are caused by Gram positive and Gram negative bacteria 

(Matasyoh et al., 2008). Increased microbial resistance to antibiotics used for 

disease therapy, has become a global issue. Pathogenic strains less susceptible 

to presently used antibiotics are continuously evolved (Chopra, 2007; Dombrosio 

et al., 2007). Antibiotic resistance is increasingly complicating the management of 

many infections (Calatayud et al., 2008). The microbes get resistance due to 

antibacterial therapy especially unsafe use of antibiotics (Yadegarinia et al., 2006). 

The use of natural products in food industry, drinks, toilet items and cosmetics has 

gained momentum, both for the growing interest of consumers in ingredients like 

phenolic compounds, nitrogen compounds, vitamins, terpenoids and some other 

secondary metabolites, which are rich in valuable bioactivities, e.g., antioxidant, 

anti-inflammatory, antitumor, antimutagenic, anti-carcinogenic, antibacterial, or 

antiviral activities (Maridass and  De Britto, 2008). 

 

Different chemical are used for sanitizing food items like chlorine (Dombrosio et 

al., 2007), ozone, chlorine dioxide, chlorinated trisodium phosphate and 

peroxyacetic acid were assessed for reduction of Escherichia coli O157:H7 and 

other microbes (Rodgers et al., 2004). Some scientists have used phages like 

ECP-100 (Abuladze et al., 2008). Moona et al. (2006) has found vanillin effective 

against Listeria monoctytogenes and Escherichia coli O157:H7. Synthetic 

additives are potentially harmful. Use of gamma radiation is expensive, non 

specific and change taste of food commodities usually when the highest levels (4.5 

kGy) of radiations are applied (Brito et al., 2002). Also, many chemical sanitizers 

are corrosive and toxic and, therefore, are unacceptable for treating foods or 

surfaces that come into direct contact with foods. Availability of spices and herbs 

with a pleasant taste or aroma, preservative action, avoiding lipid deterioration, 

oxidation and spoilage by microorganisms provide a useful alternative 

(Jones,1996; Kalemba and Kunicka, 2003). A range of medicinal plants with anti-
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diarrhoeal properties has been widely used by the traditional healers but their 

effectiveness has not been scientifically evaluated (Chitme et al., 2004).  

 

Decontaminating fruits, vegetables, and ground meat presents considerable 

challenges. It is a common strategy to limit the growth of bacteria on fruits and 

vegetables are washing with water and washing with various antibacterial 

chemicals solutions. These approaches are generally effective as E.coli count was 

reduced by 1.9 to 2.8 logs CFU/g on lettuce leaves by calcium hypochlorite 

solution (Behrsing et al., 2000). Extensive use of chemical sanitizers has led to 

various bacteria developing resistance to them, which has resulted in a decline in 

the sanitizer’s efficacy (Leverentz et al., 2001). Moreover, many of the currently 

available chemical sanitizers may damage foods, and many, if not all, of these 

sanitizers also adversely affect the environment.  

 

Many herb and spice extracts contain high levels of phenolics and exhibit 

antibacterial activity against foodborne pathogens Shan et al., 2007; Karsha and 

Lakshmi, 2010). There were highly positive relationships between antibacterial 

activities and phenolic content of the tested extracts against bacteria. Gram 

positive bacteria are generally more susceptible to antibacterial agents than gram 

negative (Shan et al., 2007; Karsha and Lakshmi, 2010). Delamare et al. (2007) 

worked on the antibacterial activity of essential oils of Salvia officinalis and S. 

triloba. Both plants exhibited antibacterial activities against Bacillus cereus, 

Bacillus megatherium, Bacillus subtilis, Aeromonas hydrophila, Aeromonas sobria, 

and Klebsiella oxytoca. This oil also reduced the growth of E. coli, and other 

Gram-negative bacteria. The reduction of growth parameters increased with the 

concentration of the oils. Shan et al., (2007) identified stilbenes and 

hydroxyanthraquinones, the active ingredients of Polygonum cuspidatum roots 

crude extract. The crude extract exhibited potent antibacterial properties. extracts 

from plants contain not only minerals and primary metabolites but also a diverse 
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array of secondary metabolites with antioxidant potentials (Sofowora, 1993, 

Okigbo et al. 2009a).  

 

Staphylococcus aureus was the most sensitive bacteria in some studies, while E. 

coli was the most resistant to the antimicrobials used (Shan et al., 2007). 

Yadegarinia et al. (2006) analysed essential oils of Mentha piperita and Myrtus 

communis by GC–MS hydrodistillation that led to identification of 26 and 32 

compounds, respectively. The oils had good to excellent antimicrobial activities 

against Escherichia coli, Staphylococcus aureus and even against Candida 

albicans with the oil of M. piperita being more active.  

 

Demirci et al., (2008) collected essential oils of Phlomis russeliana and Phlomis 

grandifora by hydrodistillation of air-dried aerial portion of the plants. Seventy 

seven oil compounds were differentiated and assayed for risk management 

practices. The identified oil contained 23% sesquiterpenes b-caryophyllene, 15% 

germacrene-D, and 8% caryophyllene oxide. The results show that Phlomis 

essential oils exhibited notable antibacterial activity against all the bacterial 

species tested except E. coli O157:H7.  

 

 

Braca et al., (2008) analysed Momordica charantia essential oils of seeds for 

antimicrobial activity. The main constituents were trans-nerolidol, apiole, cis-

dihydrocarveol and germacrene D. Staphylococcus aureus was found to be the 

most sensitive microorganism with MIC values 500mg/ml. Hussain et al., (2008) 

investigated seasonal effect on chemical composition and antimicrobial properties 

of basil (Ocimum basilicum L.) essential oil. The hydro-distilled essential oils 

content ranged from 0.5% to 0.8%, the maximum amounts were observed in 

winter while minimum in summer. The most abundant oil content found was 56%-
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60% linalool. Efficiency of linalool was found analogous to regular drugs, 

Amoxicillin and Flumequine. 

 

1.13.1 Use of Organic Acids and Common Salt 

Organic acids like citric acid, acetic acid are used as preservative for the long term 

quality of food items. Citric acid is a weak organic acid. Citric acid is added to the 

ginger garlic paste to stabilize the antimicrobial activity and increase its shelf life 

(Khan et al., 2009). It is a natural preservative and adds an acidic, or sour, taste to 

foods and soft drinks.  Biochemically, the conjugate base of citric acid exists in the 

metabolism of almost all living things. It can also be used as an environment 

friendly cleaning agent (Wikipedia). 

Citric acid exists in large amounts in a variety of fruits and vegetables, most 

notably citrus fruits. Lemons and limes have particularly high concentrations of the 

acid; it can constitute as much as 8% of the dry weight of these fruits (about 47 g/L 

in the juices). The concentrations of citric acid in citrus fruits range from 

0.005 mol/L for oranges and grapefruits to 0.30 mol/L in lemons and limes 

(Wikipedia). 

Virto et al., (2006) used different concentrations of citric acid and lactic acid to 

inactivate Listeria monocytogenes and Escherichia coli by citric (10-150 g L−1) and 

lactic (1-60 mL L−1) acids at four different temperatures (4, 20, 40 °C). Bactericidal 

effect of both acids was dependent on time and temperature of exposure and acid 

concentration. Lactic acid was more effective than citric acid and E. coli was more 

sensitive to both acids than L. monocytogenes. Sivarooban et al. (2008) evaluated 

physical and antimicrobial characteristics of soy protein isolate (SPI) films 

containing grape seed extract (GSE 1% w/w), nisin (10,000 IU/g), 

ethylenediaminetetraacetic acid (EDTA 0.16% w/w), and their combinations. It was 

observed that the SPI film containing GSE 1%, nisin 10,000 IU/g, and EDTA 
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0.16% could lower the population of Escherichia coli O157:H7 by1.8 logCFU/ml 

respectively.  

 

Khan et al. (2009) used five stabilizers i.e. citric acid, sodium metabisulfite, sodium 

benzoate, olive oil and ascorbic acid mixed in the ginger - garlic paste and 

evaluated them against five pathogens (E.coli, Staphylococcus aureus, Salmonella 

typhi, Proteus mirabilis and Enterobacter aerogenes). Citric acid was used in 0.1-

0.3% concentrations. The results indicated that citric acid and ascorbic acid were 

effective against all the five microbes used in the study. Citric acid was found to be 

a weak stabilizer in case of E.coli and Salmonella while activity of Staphylococcus, 

Proteus and Enterobacter was inhibited.  

 

Rhee et al. (2003) designed to investigate the individual and combined effects of 

mustard flour and acetic acid in the inactivation of food-borne pathogenic bacteria 

stored at 5 and 22°C. Acid-adapted three-strain mixtures of Escherichia coli 

O157:H7, Listeria monocytogenes, and Salmonella enterica serovar Typhimurium 

strains (106 to 107 CFU/ml) were inoculated separately into prepared mustard 

samples stored at 5 and 22°C, and samples were assayed periodically.  It was 

indicated that acidic products may limit microbial growth or survival and that the 

addition of small amounts of acetic acid (0.5%) to mustard can retard the reduction 

of E. coli O157:H7 and L. monocytogenes. These antagonistic effects may be 

changed if mustard is used alone or in combination with >1% acetic acid. 

 

1.13.2 Garlic(Allium sativum) 

 

Garlic (Allium sativum) is a perennial plant of the family of Alliaceae, commonly 

called ‘lehson’. Garlic is widely used in many forms of cooking for its strong flavour 

when its bulbs are crushed. It contains allicin which is a powerful antibiotic 

(Prescott et al., 2008). Garlic consists of about 200 components which include 
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antioxidants, the volatile oils, (allin, allicin and ajoene) consisting of sulfur, 

enzymes, carbohydrates (sucrose, glucose), mineral elements, amino acids, bi-

flavonoids and allistatin I and II,C,E and A vitamins and niacin, B1,B2 vitamins and 

beta carotene (Gulsen and Erol, 2010). Garlics are of only two species; Allium 

sativum, the soft necks and A. ophioscorodon, the hard necks. The hard necks 

have more intense flavours but less storage capabilities while the soft necks are 

excellent keepers but often milder. Hard necks are generally grown in cooler 

climates while the soft necks grow closer to the equator (Al-Zahim et al., 1997). 

Garlic contains flavanoids (Olusanmi and Amadi, 2009). Flavonoids are potent 

water-soluble antioxidants and free radical scavengers, which prevent oxidation, 

cell damage and have strong anticancer activity. They also lower the risk of heart 

diseases (Sofowora, 1993). Alkaloids have been documented to possess 

analgesic, antispasmodic and bactericidal effects (Okigbo et al., 2009). 

 

Ibrahim, et al. (2003) worked on garlic and its combination with bifidobacteria to 

manage the risk associated with Escherichia coli O157:H7in ground beef. E. coli 

O157:H7 inoculum was applied on ground beef. Spice alone, bifidobacteria alone 

(Bifidobacterium longum (NCFB 2259), and spice and bifidobacteria combined 

were analysed. The combined effect of the spices and bifidobacteria on E. coli was 

higher than the effect of any single spice. Seydim and and Sarikus (2006) studied 

antimicrobial properties of whey protein isolate (WPI) films containing different 

concentration of essential oils of three spices i.e. oregano, rosemary and garlic. 

The bacterial species used for antibacterial assay were Escherichia coli O157:H7 

(ATCC 35218), Staphylococcus aureus (ATCC 43300), Salmonella enteritidis 

(ATCC 13076), Listeria monocytogenes (NCTC 2167) and Lactobacillus plantarum 

(DSM 20174). The bactericidal effect of WPI film containing garlic essential oil was 

observed only at 3% and 4% level (P < 0.05). Eruteya and Odunfa (2009) used 

Eugenia aromatica (clove), Allium sativum (garlic) and Piper guineense (brown 

pepper). These spices were added to growth media at different concentrations and 

their inhibitory activity against microorganisms Bacillus cereus, Bacillus coagulans, 
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Aspergillus niger and Rhizopus stolonifer. The sensitivity test revealed that clove is 

outstanding and garlic showed a mild activity. 

 

Olusanmi and Amadi (2009) carried out experiments to evaluate the antifungal 

properties of garlic (Allium sativum) extracts against Aspergillus flavus, Curvularia 

lunata and Fusarium moniliforme. Water, ethanol and acetone were the 

extractants used. Results showed that radial growth in all the three test organisms 

was impaired by the addition of the extracts in the culture medium used. Growth 

inhibition increased with the concentration of each extract. Olaiton et al., (2010) 

studied the antimicrobial activities of some spices on beef sold in Abuja. The 

spices were chopped to sizes and were mixed with the beef sample. The 

combined effect of the three spices inhibited the growth of S. aureus, Bacillus spp, 

Proteus spp, A. flavus and Mucor spp. 

 

Marsh and Arriola (2009) incorporated garlic along with some other spices and 

studied its antimicrobial activity against some common food microbiota. Garlic 

demonstrated the greatest inhibitory effects against all foodborne pathogens 

tested (Staphylococcus aureus, Bacillus cereus, and Escherichia coli).   

 

 1.13.3 Ginger (Zingiber officinale) 

 

Ginger belongs to Zingiberaceae family (www.wikipedia.org) and is commonly 

called ‘adrak’. The part of the plant used is rhizome. Fresh ginger contains 80.9% 

moisture, 2.3% protein, 0.9% fat, 1.2% minerals, 2.4% fibre and 12.3% 

carbohydrates. The minerals present in ginger are iron, calcium and phosphorous. 

It also contains vitamins such as thiamine, riboflavin, niacin and vitamin C. 

Rhizome is low in oil contents (Abitogun and Badejo,  2010). Ginger can effectively 

control motion sickness (Stewart et al., 1991;Chern et al., 2007). In vitro studies 

have shown that active constituents of ginger inhibit multiplication of colon bacteria 

causing flatulence. It inhibits the growth of Escherichia coli, Proteus sp, 
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Staphylococci, Streptococci and Salmonella (Gugnani and Ezenwanze, 1985; 

James et al., 1999; Chen et  al., 2007).Ginger is strong carminative and useful for 

treating nausea and colic problems in several countries .It is part of many foods 

and drinks in several parts of the world (Wikipedia). It has also antiproliferative and 

anticancer effect (Lee et al., 2008; Chaudhary et al., 2010). It has active 

compound gingerol (Kim et al., 2008). 

Gur et al., (2006) studied ginger root alongwith turmeric and linseed and found it 

effective combined with linseed against various pathogens. The microorganisms 

used for antibacterial assay include E. coli, Bacillus subtilis, Pseudomonas 

aeroginosa, Staphylococcus aureus, Proteus vulgaris, Enterobacter aerogenes 

and Streptococcus sp. Ginger root showed best result against Staphylococcus 

aureus followed by Streptococcus and E.coli. Nalbanstoy et al., (2008) evaluated 

ethanolic and choloroform extracts of ginger rhizome, for anticancer and 

antimicrobial activity. Both ginger extracts reduced growth of Salmonella 

typhimurium, Klebsiella pneumoniae, Bacillus cereus, Staphyloccocus aureus and 

Enterococcus fecalis but E.coli remained unaffected. Extracts indicated 

considerable anticancer acitivity.  

1.13.4 Coriander (Coriandrum sativum) 

 

Coriandrum sativum belongs to family Apiaceae, commonly known as “dhania”. 

Coriander leaves and seeds are used as spice in making curry in Pakistan. Oil 

from seeds is also extracted and coriander leaves are used for garnishing 

prepared salads and dishes. The spice C. sativum is among the plants that are 

known to produce essential oils with antimicrobial activity and long chain (C6–C10) 

alcohols and aldehydes (Delaquis et al., 2002).Coriander oil consists of 56% 

aldehydes and 46 % alcohols. The major oil contents are 2E-decenal, decanal, 

2E-decen-1-ol and n-decanol (Matasyoh et al., 2008). The oil was evaluated for 

bactericidal activity against, Pseudomonas aeruginosa and a pathogenic fungus, 

Candida albicans. The oil could effectively control Staphylococcus aureus, Bacillus 
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spp. Escherichia coli, Salmonella typhi, Klebsiella pneumonia and Proteus 

mirabilis. The activity responses to S. aureus and Bacillus spp. were similar (at 65 

_ 102 log) to that of chloramphenicol (30 lg). The oil showed similar activity, across 

the concentration range, to E. coli and S. typhi (Matasyoh et al., 2008). 

Delaquis et al., (2002) worked on essential oils of coriander (seeds of Coriandrum 

sativum L.) and cilantro (coriander leaves). Essential oil of cilantro was particularly 

effective against Listeria monocytogenes. Mixed oil fractions resulted in additive 

and synergistic effects against individual test microorganisms. Kubo et al., (2004) 

observed presence of aliphatic (2E)-alkenals and alkanals in coriander fresh 

leaves and possessed antibacterial activity against Salmonella choleraesuis. (2E)-

Dodecenal (C(12)) was the most effective against this food-borne bacterium with 

the minimum bactericidal concentration (MBC) of 6.25 microg/mL.  Chaudhry and 

Tariq ( 2006) worked on antibacterial potency of aqueous decoction of coriander 

leaves (Coriandum sativum L.) against 176 bacterial isolates belonging to 12 

different genera of bacterial population isolated from oral cavity of 200 individuals. 

The aqueous decoction of coriander did not show any antibacterial effect against 

tested bacterial isolates. 

 Marsh and Arriola (2009) investigated antimicrobial effect of coriander leaves 

against food spoilage and foodborne pathogenic microorganisms including E.coli. 

Each component was ethanol extracted and a modification of the Kirby-Bauer 

method of antimicrobial sensitivity was employed. Cilantro showed some inhibition 

of all three bacteria but no effect against the fungus. Uma et al., (2009) 

investigated in vitro antimicrobial activity of Coriander sativum (Apiaceae) against 

some pathogens isolated from patients with infectious diarrhoea. The extracts 

were made by using different solvents like water, methanol, chloroform, petroleum 

ether and hexane. All extracts were screened for antimicrobial activity against 

Enterotoxigenic E.coli, Enteropathogenic E.coli and some other pathogenic 

bacteria like Salmonella typhimurium, Salmonella entertidis, Shigella dysentriae, 

Shigella flexineri, isolated from diarrhoeal patients. Methanol extracts contained 
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carbohydrates, flavonoids, aminoacids, steroids, sterols, saponins and tannins. 

Methanolic extract of the plant exhibit good activity compared to chloroform and 

aqueous extracts to E.coli, Salmonella sp. and Shigella sp. Petroleum ether and 

hexane extracts did not show any activity. 

Phumkhachorn and Rattanachaikunsopon (2010) tested 12 essential oils for 

antimicrobial activities against several strains of Campylobacter jejuni, the 

foodborne pathogen. They found that coriander oil exhibited the strongest 

antimicrobial activity against all tested strains. The oil had a bactericidal effect and 

reduced the bacterial cell load in a dose-dependent manner. The type of meat and 

temperature did not influence the antimicrobial activity of the oil. This study 

indicates the potential of coriander oil to serve as a natural antimicrobial 

compound against C. jejuni in food. 

1.13.5 Mustard (Brassica campestris L.)    

 

Mustard is an annual herb cultivated as oil seed crop or as vegetable or as fodder, 

of which, species are also known for its condiment value. Mustard is commonly 

known as sarson in Pakistan. Mustard seed oil is rubbed on chest of Dengue 

fever and bronchitis, oil is also applied on muscular rheumatism and to relief 

stiffness of neck (www.floracafe.com). Sitara et al. (2008) observed antifungal 

activity of mustard oil at 0.15% concentration. Conrad et al.(2006) verified 

antibacterial activity of mustard oil against E.coli, Haemophilus influenzae, 

Moraxella catarrhalis, Pseudomonas aeruginosa, Streptococcus pyogenes, 

methicillin-susceptible and resistant Staphylococcus aureus. Glucosinolates

naturally occur in mustard seeds, generally degraded by bacteria to form

isothiocyanates harbouring antimicrobial activity. Elimination of E. coli O157:H7 

(>5 log CFU/g) occurred after 31 days in the presence of hot flour and in 38 days 

when the cold flour was added (Luciano et al., 2011). 
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Mustard essential oil (EO) affected the cell membrane of Escherichia coli

O157:H7 and Salmonella typhi. Intracellular pH and ATP concentration and the 

release of cell constituents. The treatment with mustard EO affected the 

membrane integrity of bacteria and induced a decrease of the intracellular ATP 

concentration causing loss of homeostasis. Electronic microscopy observations 

showed that the cell membranes of both bacteria were apparently damaged by 

mustard EO (Turgis et al., 2009). 

 
  

1.13.6 Cinnamon (Cinnamomum sp.) 

Cinnamon is used as spice and is principally applied in cookery as a flavoring 

material in several eastern countries. It is actually bark of several species of 

Cinnamomum genus. boosting cognitive function and memory, treating 

rheumatism, helping with digestion and relieving certain menstrual disorders. In 

addition, when added to food, it inhibits bacterial growth and food spoilage, making 

it a natural food preservative. Cinnamon is also being recommended in a more 

current use: to help curb the urge for tobacco (http://www.roaddocs.com). People 

use cinnamon bark to help with overeating and tobacco use in the form tooth picks 

(http://www.roaddocs.com. Cinnamon was found to be growth promoter in chicks 

(Al-Kassie, 2009). 

Rusenova and Parvanov (2009) tested twelve essential oils for their inhibitory 

activity against some microorganisms of veterinary interest using disc diffusion 

procedure and the most active were selected for further study in agar dilution 

method. Disc diffusion technique showed variation in the antimicrobial activity of 

selected essential oils. According to agar dilution method, the most potent 

essential oils were cinnamon, oregano, lemongrass and thyme. MICs were tested 

at concentrations ranging from 2.0 to 0.008% (v/v). These inhibitory effects are 

interesting in relation to treatment of bacterial and yeast infections in animals. 
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Bayoub et al., (2010) verified the antibacterial effect of ethanol extracts of 

Cinnamomum zeylanicum alongwith 12 other plants against Listeria 

monocytogenes and other pathogenic strains. The agar well diffusion method was 

the antimicrobial susceptibility performed test. The obtained results revealed in 

vitro anti-Listeria monocytogenes activities of all the extracts. On the other hand, 

the antimicrobial activity was mainly a function of their chemical composition, in 

particular in the nature of their major volatile compounds. This study thus 

confirmed the possibility of using these plants or some of their components in food 

systems to prevent the growth of foodborne bacteria and to extend the shelf-life of 

processed foods. 

 

1.13.7 Mint (Mentha arvensis) 

This plant is related to the menthe genus and family Lamiaceae (http://green-

source.blogspot.com).The main constituent for which these plants are valued is 

menthol. The leaves of mint are eaten rawand used to flavour salads and other 

cooked foods. Mint leaves are applied for meat storage. Tea is made from the fresh 

or dried leaves. The leaves contain about 0.2% essential oil. Wild mint is often used 

as a domestic herbal remedy for digestion. The whole plant is anaesthetic, 

antispasmodic, antiseptic, aromatic, and has agents that counteract inflammation, 

that relieve and remove gas from the digestive system, induce sweating, promote or 

assist the flow of menstrual fluid, promote secretion of milk, relieve fever and thirst, 

give strength and tone to the stomach, and is a stimulant. A decoction of plant parts 

was taken for stomach pain, colds, swellings, headaches, toothaches, diarrhoea, and 

fevers (Alkofahi et al., 1990). Dried leaves were chewed and swallowed for chest 

pains and heart ailments (www.Montana plant life.com). 

Bupesh et al., (2007) evaluated the antibacterial activity of ethyl acetate extracts of 

Mentha piperita L. (peppermint) leaves against pathogenic bacteria. Maximum 

inhibitory effect was found at 100microl concentration. The extract was comprised 

of glycosides and alkaloids and abundant quantity of menthol.  
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Results showed that the most active essential oils against bacteria tested were 

thyme oil, with MIC90 and MBC90 for the VRA strains of 0.25% and 0.5%, 

respectively. Eucalyptus, juniper and clove oils were the least potent agent, with 

MIC90 and MBC90 of 2%. Furthermore, the inhibitory effect of these EO were 

evaluated against VRE and E. coli O157:H7, experimentally inoculated (103 cfu/g) 

in Feta soft cheese and minced beef meat, which was mixed with different 

concentrations (0.1%, 0.5% and 1%) of the EO and stored at 7 ºC for 14 days. Out 

of eucalyptus, juniper, mint, rosemary, sage, clove and thyme oils tested against 

target bacteria sage and thyme showed the best results. Clove and mint did not 

show any effect on VRE and E. coli O157:H7 in both kinds of studied foods. The 

addition of thyme oil at concentrations of 0.5 and 1% caused best significant 

reduction in the growth rate of VRE and E. coli O157:H7 in cheese and meat at 7 

ºC. Of the 11 EO tested, eucalyptus, juniper, mint, rosemary, sage, clove and 

thyme seem to be the most efficient essential oils against the VRE and E. coli 

O157:H7.  

 1.13.8 Black Pepper (Piper nigrum) 

Black pepper (vernacular name; kaali mirch) belongs to family Piperaceae. Edible 

part of the plant is the black berry. It is rich in alkaloids (piperine and piperidine), 

resins, volatile oil and carbohydrates (Karsha and Lakshmi, 2010). Its fruit is 

usually dried and used as a spice and seasoning. Black pepper berries contain β-

Caryophyllene, β-pinene, limonene, α-pinene and humulene volatile oils (Kapoor 

et al., 2009; Sasidharan and Menon, 2010). Black pepper possesses strong 

antioxidant properties (Suhaj et al., 2006;Kapoor et al., 2009). 

Black peppers are native to India.Dried ground pepper has been used since 

antiquity for both its flavour and as a medicine. Black pepper is the world's most 

traded spice. It is one of the most common spices added to European cuisine and 

its descendants. The spiciness of black pepper is due to the chemical piperine. It 

may be found on nearly every dinner table in the industrialized world, often 
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alongside table salt (www.wikipedia.com). Black Pepper was believed to cure 

illness such as constipation, diarrhoea, earache, gangrene, heart disease, hernia, 

hoarseness, indigestion, insect bites, insomnia, joint pain, liver problems, lung 

disease, oral abscesses, sunburn, tooth decay, and toothaches. Chaudhary and 

Tariq (2006) focused on bactericidal activity of a decoction made of black pepper 

(Piper nigrum L.) and water alongwith some other plants like bay leaf (Laurus 

nobilis L.) and aniseed (Pimpinella anisum L.). A total of 176 bacterial isolates of 

human oral cavity were used for the disc diffusion assay. Aqueous black pepper 

decoction reduced bacterial activity upto 75%. Dorman, and Deans (2000) 

evaluated the volatile oils of black pepper and some other plants like clove, 

geranium, nutmeg, oregano and thyme for antibacterial activity against 25 animal 

and plant pathogens. Volatile oils of black pepper reduced growth of certain 

pathogens actively.  

Hema et al., (2009) analysed antimicrobial activity of different concentrations of 

alcoholic extracts of Piper nigrum (Black Pepper), Psidium guajava (Guava), 

Amomum cardamom (Cardamom) and Cynogen dactylon (Bermuda grass) 

against two bacteria (Pseudomonas lundensis, Bacillus cereus ) and two fungal 

species( Aspergillus niger and Aspergillus flavus). Piper nigrum inhibited growth of 

Bacillus cereus at 50, 75 and 100% concentrations but did not show any activity at 

25% concentration against any organism tested. Hundred percent concentration of 

pepper showed considerable activity against foodborne pathogens.Karsha and 

Lakshmi (2010) evaluated antibacterial activity of acetonic and dichloromethane 

(DCM) extracts of black pepper by paper disc diffusion method. They found E.coli 

least susceptible to black pepper DCM extracts as compared to Gram positive 

bacteria. Mode of action of pepper extract indicated that it alters cell membrane 

permeability of bacteria and cause leakage of nucleic acids and proteins out of the 

cellular environment. The MICs recorded against Gram positive and Gram 

negative bacteria ranged from 50-500ppm. 
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1.14 RESEARCH WORK CARRIED OUT IN PAKISTAN 

 

1.14.1 Shigalike Toxins  

 

Mohsin et al. (2007) in a study collected 200 stool samples from patients suffering 

with diarrhoea and examined them for stx genes along with other virulence factors. 

Multiplex PCR showed that in 22 (11%) patients one or both Shiga toxin genes 

(stx) were detected. Fourteen STEC isolates from 12 patients were obtained by 

cultivation on MacConkey agar and Sorbitol MacConkey agar which were 

subsequently confirmed by PCR.  

1.14.2 Antibacterial Research Work  

Saeed and Tariq (2007) prepared some water decoction and water infusions of 

Emblica officinalis (amla) and Coriandrum sativum (coriander) and tested it 186 

bactetrial cultural isolates and 2 fungal strains of Candida albicans isolated from 

urine samples.  Water infusion and decoction of Emblica officinalis exhibited 

potent antimicrobial activity against all bacterial isolates tested including 

Staphylococcus aureus.. Coriander decoction and infusion did not indicate any 

antimicrobial activity against Gram negative urinary pathogens and Candida 

albicans.  

Ali et al., (2011) worked on antibacterial activity of Syzygium aromaticum L. 

(Myrtaceae) buds, methanol extracts of Ficus carica L. (Moraceae) and Olea 

europaea L. (Oleaceae) leaves and Peganum harmala L. (Nitrariaceae) seeds. 

They concluded with the results that mono/multiextract from identified plants 

provide an array of safe antimicrobial agents to control infections by drug-resistant 

bacteria. 

Ara et al. (2011) extracted essential oils from locally available species including 

Cinnamomum tenuis and Curcuma aromatic.These extracts were screened for 
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antibacterial activity against Bacillus lichaniformis, Micrococcus leutus and 

Salmonella typhimurium. Cinnamomum tenuis oilwere found to be more potent. 

 

1.15 SITUATION IN PAKISTAN 

 

Pakistan produces a wide range of unique quality tropical, sub tropical and 

temperate vegetables and fruits. Out of 13.67 million tones of fruits and vegetables 

produced annually only 4% is exported contributing 12% to national agricultural 

GDP at far lower price compared to world average price. Contaminants in fresh 

produce is an area of increasing concern for many countries, and importing 

countries are imposing stringent food safety checks, particularly with respect to 

pesticides residues and contamination with human and animal pathogens as 

contaminants. Pakistan has signed many regional and international trade 

agreements including Sanitary and Phytosanitary Agreements, CODEX 

Alimentarius, Food and Agriculture Organization – FAO, World Trade Organization 

– WTO, World Health Organization – WHO, International Standards Organization 

– ISO. 

 

The detection of foodborne illness related to different strains of E.coli associated 

with fresh produce is an absolute necessity. Emergence of highly virulent and 

multidrug resistant strains, pose a continuous threat to the environment and public 

health. Surveillance data related to occurrence of foodborne pathogens on raw 

vegetables is entirely lacking in Pakistan and there is an extreme urge for risk 

evaluation of the current situation. Main purpose of the present study is to comply 

with the international standards and control of E.coli food poisoning events related 

to salad vegetables sold at local outlets. Aims of the above mentioned research 

work are; 
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1.16 AIMS AND OBJECTIVES OF THE RESEARCH 

 

The main aims of the present study are; 

 

 To identify risks of total coliforms, faecal coliforms and E. coli associated 

with salad vegetables sold at retail shops of Islamabad, Rawalpindi and 

Lahore in Pakistan. 

 To determine presence of shigalike toxin I and shiga like toxin II genes in 

the isolated strains of O157 and non O157 E.coli. 

 Risk management practices to control E.coli contamination by using some 

non toxic chemicals and plant extracts. 

 Data generation for health policy makers about presence of faecal 

contamination in food commodities. 

 To detect possible food poisoning outbreak, to provide basis for giving 

qualified feed-back to producers and consumers. 

 To develop effective low cost antibacterial solution consisting of indigenous 

edible plant extracts and chemicals. 

     Objectives   

      

Specific objectives of the present study are; 

 

 To conduct survey of vegetable markets of Islamabad, Rawalpindi and 

Lahore for aerobic plate count and enumeration of total coliforms, faecal 

coliforms and E. coli in lettuce, tomato, cucumber and cabbage. 

 To isolate different strains of E.coli. 

 To differentiate between aerobic plate count of unwashed and washed                     

vegetables 

 To differentiate between total coliforms, faecal coliforms and E.coli of 

unwashed and washed vegetables. 
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 Serotyping of isolated E.coli strains and grouping of E. coli in O157 and non 

O 157 strains. 

 To develop control strategies for E.coli usind citric acid, acetic acid and 

common salt. 

 To assess effect of raw extracts of some commonly used spices on different 

strains of E.coli.  

 Preparation of methonolic, acetonic and water extracts of mint, mustard, 

coriander, cinnamon, garlic, ginger and black pepper. 

 Antibacterial study of five concentration of above mentioned extracts 

against five strains of E.coli 

 Risk communication through tabulation and statistical analysis. 
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MATERIAL AND METHODS 

Present research was carried out at Grain Quality Testing Laboratory, National 

Agriculture Research Centre (NARC), Islamabad and Soil Microbiology 

Laboratory, Quaid-i-Azam University, Islamabad. Serotyping of Escherichia coli 

was performed at Rahila Research and Reference Laboratory, Karachi. 

2.1 SAMPLING AREA 

Three major cities of Pakistan, Islamabad, Lahore and Rawalpindi were selected 

for survey of vegetable markets. Islamabad is located in the Pothohar Plateau in 

the north of the country. The region has historically been a part of the crossroads 

of Punjab and Khyber Pakhtunkhwa with Margalla pass acting as the gateway 

between the two regions. Islamabad was established as the capital city of Islamic 

Republic of Pakistan in 1960. Its urban area developed extensively after 1960 

while rural area was comprised of small villages. Islamabad is divided into different 

sectors and zones (Wikipedia). The capital city is located at 33°26′N 73°02′E / 

33.43°N 73.04°E at the edge of the Pothohar Plateau at the foot of the Margalla 

Hills. To the east of the city lie Murree and Kotli Sattian. To the north lies the 

Haripur District of North-West Frontier Province. Kahuta lies on the northeast, 

Taxila, Wah Cantt, and Attock District to the northwest, Gujar Khan, Kallar 

Syedian, Rawat, and Mandrah on the northeast, and Rawalpindi to the southwest. 

The area of Islamabad is 906 square kilometres a further 2,717 square kilometres 

area is known as the Specified Area, with the Margala Hills in the north and 

northeast. Vegetables are grown in small villages of capital city and supplied to the 

vegetable markets of Urban Islamabad. These vegetables are also carried to 

Rawalpindi markets. Islamabad and Rawalpindi are located adjacently therefore 

both are called twin cities and thousands of people travel daily across both cities.  

Rawalpindi is a city located in Potohar plateau of Pakistan in the province of 

Punjab and ranks fourth largest city in Pakistan after Karachi, Lahore and 
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Faisalabad. Rawalpindi is located in the northernmost part of the Punjab province, 

275 km to the north-west of Lahore. It is the administrative seat of the Rawalpindi 

District. The total area of the city is approximately 154 square kilometers. 

Rawalpindi is the military headquarters of the Pakistani Armed Forces. 

Rawalpindi, locally known as Pindi, named after Raja Pindi, strategically located 

between the NWFP and Azad Jammu and Kashmir. Many tourists use the city as 

a stop before traveling towards the northern areas. Numerous shopping bazaars, 

parks and a cosmopolitan population attract shoppers from all over Pakistan and 

abroad. People of Rawalpindi get vegetables from its local fields in nearby villages 

and Islamabad. 

Lahore is the historical city of Pakistan and is the capital of the Punjab province. It 

is the second largest city after Karachi, in Pakistan. The city is situated near bank 

of Ravi River, lying about 25 kilometres from the Wahgah border crossing. Lahore 

is also called as the cultural heart of Pakistan as it harbours most of the activities 

related to arts and film making programmes. It is ranked 40 in the most populated 

urban areas in the world (Wikipedia). Lahoris get their fresh produce from the 

fields of Gujranwala, Shiekhupura and Muridke. 

Three markets of each city were randomly selected. Four salad vegetables i.e. 

tomato, lettuce, cucumber and cabbage were sampled from three random markets 

of each city. Each vegetable was sampled from three shops of a market randomly. 

Markets selected were; 

 ISLAMABAD 

     1. Melody vegetable market, G 6. 

     2. Aabpara vegetable market , G 6/1 

     3. Sector G- 9/4 vegetable market 
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 RAWALPINDI 

1. Rajabazar vegetable market 

2. Chungi 22 vegetable market 

3. Khannapul vegetable market 

 LAHORE 

1. Ichhra vegetable market 

2. Gulberg Vegetable market 

3. Defence Vegetable market 

2.2 SAMPLE COLLECTION 

One kilogram sample of each vegetable was collected from shops of selected 

vegetable markets in sterile polythene bags. Their place of collection and shops 

were noted on the bags. Extensive care was taken to avoid risk of accidental 

contamination. Samples were kept in coolers containing ice to avoid proliferation 

of bacteria after sampling. They were transported to laboratory as earliest as 

possible and kept at 4°C in refrigerator (Dawlence) till further analysis. 

2.3 SAMPLE ANALYSIS 

Each sample was coded in the Food Microbiology laboratory of GQTL, NARC 

before further processing. Vegetables were analysed for aerobic plate count, total 

coliforms, faecal coliforms and E.coli as (a) unwashed   (b) washed. 

2.3.1 Preparation of Buffer 

For vegetable blending and serial dilution Butterfield’s Phosphate Buffer was 

prepared by taking 34grams Potassium dihydrogen phosphate and dissolving it in 

500ml distilled water. pH was adjusted to 7.2. Volume was increased upto one litre 

by adding distilled water. This was sterilized and used as stock solution of 
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Butterfield’s Phosphate Buffer. Stock solution was kept in refrigerator at 4˚C for 

storage. For serial dilution of sample, 1.25 ml stock buffer was taken with a Biohit 

micropippet (100-1000µl) in a 1000ml graduated cylinder (Pyrex). The cylinder 

was filled with distilled water upto 1 litre. Nine ml of diluted buffer was dispensed in 

test tubes (Pyrex) and sterilized. 

2.3.2 Washing and Sterilization of Glassware 

All glassware apparatus was thoroughly washed with tap water and detergent. 

Washed apparatus was dried in a rack and kept immersed after drying in chromic 

acid solution for 24 hours. Then washed with distilled water and sterilized at 180˚C 

in Hot Air Oven (Binder) for 3 hours. 

2.3.3 Media Preparation  

Required amount of synthetic Plate count agar (Oxoid) as mentioned on the 

chemical bottle, was weighed on Leco 250 analytical balance (USA) and distilled 

water was added. The media was thoroughly mixed with the help of magnetic 

stirrer (IKA Labortechnik Staufen, Germany). It was then autoclaved by above 

mentioned method. Media used are given in Appendix I. 

2.3.4 Sterilization of Buffer and Media 

Diluted Butterfield phosphate buffer and all media required were autoclaved at 

121˚C and 15 pounds/sq. inch pressure for 15-20 minutes in Harvey Sterile Max 

autoclave (USA). 

2.3.5 Sample Preparation and Serial Dilution 

Sample was prepared and serially diluted according to method described in FAO 

Manual (1992). Each vegetable sample was cut into small pieces with sterile knife. 

Twenty five gram sample was weighed on top loading balance (Ohaus Scout Pro, 

China) instead of 50g and blended in 225ml sterile Butterfield’s phosphate buffer 

in Waring blender (USA, model 51BL31) at 12000 rpm for 2 minutes. Volume of 
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buffer was also reduced to half. It was considered as 10-1 dilution. The blended 

sample was then serially diluted upto 10-6 dilution in 9 ml sterile butterfield 

phosphate buffer by gradually transferring 1 ml of sample with the help of Biohit 

200-1000µl micropippet in Laminar Flow Cabinet (Telstar, AV-100). All dilutions 

were vortexed for about 5 seconds. 

2.4 AEROBIC PLATE COUNT  

Aerobic plate count (APC) represents total number of aerobic microorganisms 

present in food and indicates its microbial quality. For APC, 1ml of each dilution 

was pippeted out in sterile empty Petri dishes, marked earlier. Each dilution was 

put in two Petri plates. Molten 20 ml plate count agar, hold in water bath at 44-

46˚C, was poured in these Petri plates and mixed with the sample dilution by 

rotating clockwise and anticlockwise to get a uniform distribution. The agar 

medium was allowed to solidify. Solidified agar plates were kept inverted in 

incubator (Binder). Incubator temperature was set at 35˚C for 48+2hours. 

After incubation all Petri dishes were taken out of incubator and colonies 

developed on the media were counted on Funke Gerber colony counter 

(Germany). Colonies ranging from 25-250 on any duplicate plates were 

considered computable for a sample dilution. The data was entered in record 

sheets by taking average of two plates. The count was multiplied with reciprocal of 

dilution and expressed as number of microorganisms present in 1 gram of 

vegetable sample (cfu/g). 

2.5 ESTIMATION OF TOTAL COLIFORMS 

Total coliforms represent the aerobic and facultative anaerobic microorganisms 

which are Gram negative, non sporulating bacilli and able to ferment lactose. 

2.5.1 Presumptive test for total coliforms and faecal coliforms 

One ml blended sample was put in Pyrex screw cap test tubes containing 9ml 

sterile Lauryl sulphate Tryptose (Oxoid) broth and inverted Durhum tubes. One ml 
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diluted sample was transferred in three LST tubes for each dilution. Pippete was 

drained 2-3 times in the broth while transferring. The broth was incubated at 35˚C 

for 24-48 hrs in Binder incubator. Production of gas in inverted Durhum tubes is 

the presumptive test for coliforms presence in the sample.  

 

2.6 CONFIRMATORY TESTS 

2.6.1 Confirmatory tests for total coliforms 

Positive cultures in LST tubes were agitated gently and transferred to sterile BGLB 

tubes by sterile inoculating loop in laminar flow cabinet and incubated at 35˚C for 

24 -48 hrs in incubator. Gas production in inverted Durham tubes confirmed the 

presence of coliforms in sample. Their number was assessed by counting 

confirmed positive test tubes of consecutive three dilutions using MPN technique.  

2.6.2 Confirmatory test for faecal coliforms 

Positive LST test tubes were gently agitated again and a loopful culture was 

transferred to sterile 10 ml EC medium. EC medium containing Durhum tubes 

were incubated for 48+ hours at 45.5˚C in GFL 1086 waterbath (Germany). Tubes 

were examined after 24 hours. Negative tubes were further incubated and 

observed after 48 hours. MPN of faecal coliforms was calculated from positive EC 

tubes for consecutive three dilutions. 

2.6.3 Confirmatory test for Escherichia coli 

A loopful culture from gassing EC medium was streaked on Levine Eosine 

Methylene Blue agar (L-EMB) plates and incubated at 18-24 hours at 35˚C. These 

plates were examined for E.coli colonies. Purple colonies of dark centres with or 

without metallic sheen are E.coli. Two colonies from an EMB plate were picked 

and streaked on PCA slants for morphological and biochemical tests. These slants 

were incubated at 35˚C for 18-24 hours. 
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2.6.4 Gram Staining 

Gram staining was performed on each colony to observe cell morphology of the 

isolated strains and their Gram staining characteristics.  

2.6.5 Microscopy 

Colonies grown on PCA, L-EMB and sorbitol MacKonky agar were studied for their 

colony morphology under stereomicroscope (Carl Zeiss, Germany). Stained 

colonies were observed under Hund Wetzler compound microscope at 100X with 

oil immersion. 

2.7 BIOCHEMICAL TEST FOR E.COLI 

2.7.1 Indole Production 

Tryptone broth (Sigma) was prepared and added to test tubes. Test tubes were 

sterilized for 15-20 minutes at 15 pounds/sq.inch pressure at 121˚C. Broth was 

inoculated with E.coli culture grown on PCA slants and incubated at 35˚C for 24+ 

2 hours. Kovac’s reagent (0.2-0.3ml) was added to the broth after 24 hrs to the 

culture. Distinct red colour in the upper layer was positive test for indole 

production.  

2.7.2 Voges Proskauer Reactive Compound test 

MR-VP broth (Sigma) was prepared, autoclaved and inoculated with E.coli strains. 

Test tubes were incubated for 48+2hrs at 35˚C. One ml culture was transferred to 

empty test tubes and labeled. Alpha naphthol solution (0.6ml) and 0.2 ml 40% 

KOH were added and shaken. Few crystals of creatine were also added, shaken 

and allowed to stand for 2 hrs. Test tubes were observed for positive eosine pink 

colour. 
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2.7.3 Methyl red reactive compound test 

MR-VP culture tubes were further incubated for additional 48+2 hrs at 35˚C after 

performing Voges Proskauer test. Five drops methyl red solution was added to 

each tube. A distinct red colour was considered positive and yellow colour was 

negative reaction. 

2.7.4  Citrate Utilization 

Sterile Koser citrate broth was inoculated with E. coli strain and incubated at 35˚C 

for 96 +2hrs. Developed of distinct turbidity was considered positive reaction and 

lack of turbidity was negative reaction. 

2.7.5 Gas Production 

E.coli colonies were picked with sterile loop and transferred to sterilized LST broth 

tubes. All tubes were kept in incubator at 35˚C for 48 hrs. Displacement of medium 

from inner vials showed gas production.  

2. 7.6 Interpretation of Biochemical Tests 

IMViC pattern of ++-- and -+-- indicated E.coli strains. Some strains showing 

atypical characteristics were Gram stained. E.coli showing ++-- IMViC pattern 

were considered Biotype 1 and strains that gave -+-- pattern were designated as 

Biotype 2 

2.7.7 Catalase Test 

All isolated strains of E.coli were tested for catalase production as described by 

Collins and Lyne (1980).  

A clean unused glass slide was taken and a drop of 3% hydrogen peroxide was 

placed on it with the help of a dropper. Single colony grown nutrient agar was 

picked up with a sterile loop and emulsified with the hydrogen peroxide drop. 

Rapid effervescence showed positive indication of catalase presence. 
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2.8 SEROTYPING O157 

In order to serotype the Enterohemorrhagic strain of E.coli, among the isolated 

strains, O157 Oxoid (DR120M) Dryspot Latex detection kit was used. 

2.8.1 Principle of the Test 

E.coli O 157 belong to most significant disease causing bacterial group in human 

beings. The disease symptoms include diarrhea, fever, vomiting which may 

become serious and lead to haemorrhagic colitis and haemolytic uraemic 

syndrome. The kit provides slide agglutination test for O157 serogroup antigen. 

The strains grown on Sorbitol MacKonkey agar which appear colourless are 

sorbitol non-fermenters. These strains are tested by latex reagents to identify 

potential toxin producing strains of E.coli. 

2.8.2 Components of the kit 

DR121M   Dryspot E.coli O157 Test reagent cards. Blue latex particles coated with 

antibody specifically reacted with the E.coli serogroup antigen. The kit contains 40 

cards and each card has 3 test and three control cards. 

DR122M  Positive control strips (10 sticks-pink spots).This contains pink dyed 

inactivated antigenic extract of E. coli O157 

DR123M  Negative control strips (10 sticks-green spots). Green dyed antigenic 

contents of E.coli O116 which are inactivated. 

Mixing paddles and instruction leadflet. 

Other material used in the laboratory in order to detect E.coli O157 are i) 0.9% 

NaCl ii)  a microbiological loop iii) A spirit lamp iv) spirit v) a stop watch or timer. 
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2.8.3 Procedure: 

 Use of controls 

 As the kit must be stored between 2˚C and 25˚C, the kit was kept in refrigerator 

for regular use. Before starting experiment pouches in the kit were allowed to 

come to room temperature so the moisture must not be condensed on cards. 

Otherwise, cards may give false result. The pouches were cut with sterile scissors 

just below the seal line on them. The required number of cards were taken out of 

the pouch and clipped immediately with plastic clamp provided in the kit. 

The dried control sticks were used to view the correct function of the kit. For that 

purpose a 50 µl saline drop containing 0.9% NaCl was put on the small circular 

spot at the base of the oval area on the card. One positive control stick was 

separated manually from the rest in the positive control pouch. Its flexible end 

contained dried reagents and was avoided to touch. The stick was placed on the 

card where liquid was homogenized by continuous mixing with the stick. The card 

was rocked for one minute. The positive control DR122M should show positive 

reaction by agglutinating within one minute and negative control DR123M should 

not show reaction within one minute. 

 Testing Strains 

A saline drop of 50 µl (0.9%) was added to the small circle lying at the bottom of 

oval on the card DR121M. It was not allowed to mix with the dried latex reagent. A 

portion of colony was picked with a sterile loop from culture grown on Petri plate 

and emulsified in the saline drop with a paddle provided to form a uniformly 

distributed suspension for test. The suspension was mixed with dried latex spots 

thoroughly using the same paddle. Card was rocked for 1 minute and result was 

noted.  Same procedure was repeated for control latex reagents on the same card. 

Used cards were discarded after dipping the card in a beaker containing spirit for 

10 minutes. 
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2.8.4 Growth of E. coli on Sorbitol Mackonky Agar 

All isolated E.coli strains grown on PCA slants were streaked on sterilized Sorbitol 

MacKonky agar (Oxoid) medium. Petri plates were incubated in Binder Incubator 

at 35˚C for 18-24 hrs. Colour of E.coli strains was observed. Colourless colonies 

were assumed to belong to O157 serogroup. All other strains were sent to 

Reference Laboratory for serotyping. 

2.8.5 Determination of E.coli Serotypes other than 0157 

About 205 strains were sent to Rahila Research and Reference Laboratory, 

Karachi for their serological identification. Denka Seiken antisera were used for 

serotyping and comprised of following groups: 

1. Group O sera (Set 1) 

It was consisted of liquid products of specific antibodies (somatic, O) and 

0.08w/v% sodium azide as preservative. Set 1 contained 43 vials of 

monovalent sera and 8 vials of polyvalent sera (total 51vials). The polyvalent 

sera consisted of 8 groups; 

Polyvalent 1: O1, O26,O86a, O111, O119, O127a, O128. 

Polyvalent 2: O44, O55, O125, O126, O146, O166. 

Polyvalent 3: O18, O114, O142, O151, O157, O158. 

Polyvalent 4: O6, O27, O78, O148, O159, O168. 

Polyvalent 5: O20, O25, O63, O153, O167. 

Polyvalent 6: O8, O15, O115, O169. 

Polyvalent 7: O28ac, O112ac, O124, O136, O144. 

Polyvalent 8: O29, O143, O152, O164. 
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2. H sera (set 2) 

It contained flagellar (H) antibodies of rabbit in twenty two vials of H 

monovalent sera.  

3. Group O sera ( Alternative ) 

Polyvalent II ( alternative) - contains: O26, O55, O111,O119,O126 

Polyvalent III ( alternative)- contains : O86, O114,O125,O127, O128 

Polyvalent IV ( alternative ) – contains: O44, 0112, O124, O142   

2.8.6 Principle of Test 

Antibody-antigen reaction.  

Determination of O group 

a). O antigen was determined with heat-inactivated E. coli strain by slide 

agglutination method. Bacterial culture was suspended in 3ml physiological saline 

heated to 121˚C for 15 minutes. Heated suspension was centrifuged at 900g for 

20 minutes. Supernatant was discarded. Pellet was resuspended with 0.5% 

physiological saline and used as antigenic material.  

b). A glass slide was partitioned with a glass pencil. A drop of polyvalent and 

physiological saline (30µlitre) was added.  

c). Antigenic suspension (5-10µlitre) was placed onto the serum and physiological 

saline on the glass slide.  

d). Reagents were mixed by tilting glass slide back and forth for 1 minute and 

observed for agglutination reaction. Fluorescent light was used to observe the 

reaction. Strong agglutination within one minute was considered positive and 

delayed or weak reaction was considered negative. 
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e). Each monovalent serum was tested for a particular strain showing positive 

polyvalent sera reaction. 

Detection of H Type 

a). E.coli were grown in Brain Heart Infusion broth and passed through semi-liquid 

media with a Craigie’s tube 3-5 times. Cell suspension was prepared by growing 

the bacteria in liquid media at 37˚C for 24 hours and adding equal volume of 

physiological saline and 1% w/v formaline to it.  

b). Three drops of each H antisera was added to empty small tubes with the help 

of syringe provided with the kit. Cell suspension (0.5 ml) was added to the tubes. 

The test tube without anti sera was used as a control. 

c). Test tubes were kept in water bath at 50˚C for 1 hr and observed for 

agglutination. 

2.9 Preparation of Pure Culture 

Single colony grown on Levine Eosine Methylene Blue Agar were streaked on 

sterilized Plant Count Agar slants in Laminar Flow Cabinet using an inoculating 

loop and incubated at 35 ˚C for 24 hrs. These were pure cultures of isolates from 

unwashed vegetable samples. 

2.10 CODING OF ISOLATES 

All isolates from fresh produce were coded as VB (Vegetable Bacteria) and given 

a number. Cultures were numbered from 1VB – 250VB. 

2.11 PRESERVATION OF CULTURES 

All isolates from salad vegetables were preserved for short term and long term. 
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2.11.1 Short Term Preservation 

E.coli cultures were grown on Nutrient agar (Sigma) slants for short term storage 

of isolates. These strains were recultured fortnightly on fresh nutrient agar slants in 

screw capped test tubes. Refreshed strains were used for different biochemical 

tests. 

2.11.2 Long Term Preservation 

Preparation of vials 

Flat bottomed glass vials were washed with a detergent then rinsed in tap water 

and finally in purified water (ion exchange). The vials were plugged with cotton 40 

mm in length and were sterilized at 121°C for 20 minutes together with a 

sterilization control indicator. The sterile vials are stored at room temperature. 

Before use the vials were labelled with the appropriate collection number and the 

month and year of preservation.  

Suspending medium 

The suspension media used for freeze-drying are available routinely, 10% skim 

milk (Difco). 

 Preparation of cultures 

Cultures were grown aerobically in culture media and harvested during active 

growth. Aerobic bacteria were grown on agar slants or plates or in liquid culture 

and harvested by washing off with suspension medium or by centrifugation.  

Filling vials 

The harvested culture was mixed with suspension medium. The vials, as prepared 

above, were filled with 0.2 ml of cell suspension. Filling is carried out under 
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aerobic conditions using a calibrated Pasteur pipette. An equal volume was used 

to inoculate a fresh culture tube for viability determination. 

Freezing of suspensions and primary drying 

 About 30 min before use, air-admittance and condenser drain valve of the freeze-

drying machine was closed and refrigerator along with vacuum pump was turned 

on. The condenser (cold trap) was allowed to cool down to -40°C to -50°C and the 

pump was warmed up for about 30 min. 

The vials were frozen at -20°C for 30 min. Vials were transferred to the drying 

chamber of the freeze-drying machine and vacuum was applied. Primary freeze-

drying continued overnight. The vacuum has dropped to 0.1 mbar or less. The 

valve connection with the vacuum pump was closed and air was entered slowly to 

drying chamber via the air admittance valve. Then vials were removed from the 

drying chamber. 

Secondary drying 

 The projecting parts of the cotton-wool plugs of the vials were cut off. The vials 

were placed in outer glass tubes containing silica.  To protect the cotton wool from 

heat during constriction, the vials were covered with glass wool slightly 

compressed to a layer 1-2 cm deep. The outer tubes were constricted just above 

the glass wool. 

 When cool the vials are attached to the manifold of the freeze-drying machine for 

secondary drying at least for 2 hours or overnight.  

 At a vacuum of at least 0.1 mbar, the tubes were flame-sealed at the middle of the 

constriction.  The ampoules were stored at +8°C or below in the dark. 
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Viability testing 

The viability or the colony forming units of the strain are tested before and after the 

preservation step and, depending from the strain, in certain intervals during the 

storage period.  

2.12 DETECTION OF SHIGALIKE TOXIN I AND SHIGALIKE TOXIN II BY 

MULTIPLEX PCR 

2.12.1 Principle of Method 

Polymerase Chain Reaction (PCR) is an in vitro method, designed to amplify a 

target DNA sequence through repeated cycles of elevated temperatures, to 

denature the double stranded DNA, low temperature for attachment of 

oligonucleotide primers to the specific DNA sequence and extension of 

nucleotides by DNA polymerase at intermediate temperature (Atlas and Bej, 

1994). 

2.12.2 Preparation of Cultures 

Freshly prepared pure culture of E.coli strains were inoculated in 10ml sterilized 

Tryptic soy broth (Merck) in laminar flow hood and kept in shaker incubator (160 

rpm) at 35˚C for overnight.  

2.12.3 DNA Extraction 

The method used for Ralstonia solanacearum was modified a little and applied for 

E.coli DNA extraction. Liquid culture (1.5ml) was taken in appendorf tube from 

10ml culture grown in tryptric soy broth at 13,000 rpm for 3 min. and vortexed. The 

supernatant was discarded and pellet was resuspended in 1 ml TE buffer(1X). It 

was again centrifuged at 13,000 rpm for 3 min.  

Supernatant was discarded and 200µl lysis buffer was added and vortexed. The 

appendorf tubes containing sample DNA were stored in ice for 5 minutes. 
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About 66 µl 5M NaCl was poured in sample, mixed thouroughly with the pipette 

and centrifuged at 13000rpm for 10 min. 

Two hundred fifty µl choloroform was added to the above and mixed manually by 

inverting tubes up and down. Tubes were centrifuged at 13,000rpm for 6 min. 

Two layers were formed, upper liquid phase and lower liquid phase after above 

centrifugation. Upper aqueous phase (about 200 µl) was transferred a new empty 

tube. 

Cold 95% isopropanol (0.6 ml) was added to the material added to the new 

appendorf tubes, vortexed and centrifuged at 13,000 rpm for 6 min. 

Isopropanol was decanted gently as pellet contained DNA. Pellet was washed with 

200µl of 70% ethanol. The material was centrifuged at 13,000 rpm for 10 min. 

Ethanol was gently removed. The pellet was air dried and 10 µl RNAase A was 

added to 1X TE buffer and kept at 4˚C in refrigerator. Isolated DNA was stored in 

deep freezer at -20˚C until used for PCR.  

2.12.4 Gel Electrophoresis for Isolated DNA 

Isolated DNA was visualized by gel electrophoresis containing 0.8% agarose in 

99.2ml 1X TE buffer.  The gel in beaker was melted in Microwave oven 

(Dawlence) for 3 minutes. Few drops of Ethidium bromide dye (0.5 ug/ml) was 

added to gel when it reached to temperature before solidification. Gel casting tray 

of electrophoretic apparatus was sealed with a paper tape at both ends and combs 

were inserted for well formation. Gel was poured in the tray and air bubbles were 

avoided as a precautionary measure.  When gel was solidified combs were 

removed and sufficient volume of 1X TE buffer was added to the tank. 10 µl 

template DNA of each strain was mixed with 5 µl loading dye (6X Bromophenol 

blue) and loaded in the wells. Both electrodes were connected to their respective 

sites and power supply was turned on. Bands movement was visualized with time. 

Clear, single and shining template DNA was selected for PCR amplification.    
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2.12.5 DNA Quantification 

Visible light was turned off and UV light was switched on. 995µlitre sterilized water 

was poured in a cuvette and used as blank. Its optical density was determined by 

spectrophotometer at 260 nm. Button was pressed and reading was adjusted to 

‘zero’. Again the OD of autoclaved water was observed at 280 nm and noted. 

Then, 5 µl DNA solution was added to sterile distilled water, cuvette was covered 

with a piece of parafilm and mixed gently. Its OD was determined at 280 nm and 

then at 260 nm. The cuvette was rinsed with distilled water. The amount of DNA 

was calculated by the formula; 

DNA concentration in µg/µl=50ug/ml x OD 260 x 1000( dilution factor)   

5 µl 

Where 50µg is amount of single stranded DNA when OD 260 nm= 1 

2.12.6 Multiplex Polymerase Chain Reaction 

Multiplex Polymerase chain reaction was carried out by method explained by 

Gannon et al. (1992) and Fagan et al. (1999). Following sets of primers were used 

for detection of Shigalike toxin I and Shigalike toxin II;  

Toxin         Primer Sequence                       Amplicon Size    primer length        TM 

Stx1           ACACTGGATGATCTCAGTGG  614  bases       20bp                55.4C 

Forward 

Reverse    CTGAATCCCCCTCCATTATG                           20bp                  55.4C 

Stx 2      CCATGACAACGGACAGCAGTT   779 bases      21bp                   57.8C  

Reverse CCTGTCAACTGAGCAGCACTTTG                    20bp                    55.4C 

PCR assay was carried out in Perkin-Elmer thermal cycler model 9700. PCR 

mixture comprised of 50µl volume that contained 2µl template DNA, 10Mm Tris 
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HCl pH adjusted to 8.4, 10mMKCl, 3Mm MgCl2, 2mM concentration of each 

primer. The apparatus was already equilibrated at 99˚C as lid temperature to start 

a reaction. PCR thermal cycler was first standardized for Shigalike toxin I and 

Shigalike toxin II primers. E.coli strain Edl 933 DNA was used as positive control 

for primers of both toxins. All primers were purchased from Gene Link, New York 

(USA). DNA ladder and other chemicals for molecular analysis were provided by 

Fermentas. The PCR Master Mix (2X) contained   0.05 u/µl Taq DNA Polymerase, 

Reaction buffer 4 mM MgCl2, 0.4 mM of each dNTP (dATP, dCTP, dGTP, dTTP).  

Following PCR cycles were standardized for amplification of Shigalike toxin I and 

Shigalike toxin II. 

Lid temperature= 99˚C 

Steps                                                  Temperature              Duration 

1.DNA Denaturation                           95˚C   3min. 

(Initial PCR run) 

2.DNA Denaturation ( for 35 cycles)  95˚C             20 sec. 

3.Primers Anealing                             58˚C   40 sec. 

4.Amplification of DNA                 72˚C   90 sec. 

5. Final Extension                  72˚C   5 minutes 

 Steps 2-4 were repeated for 35 cycles. 

2.12.7 Gel Electrophoresis of Amplified Products 

The tank provided for electrophoresis was filled with sufficient volume of 1X TE 

buffer. 1g agarose was put in a beaker containing 100ml 1X TE buffer and melted 

as above. The gel became transparent and was allowed to cool enough to be held 

in hand easily (about 55˚C). Then, 2-3µl ethidium bromide (0.5 µg / ml ) was 
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added to the gel.  The gel was poured in the electrophoretic tray sealed with taps 

at both ends. Combs were already inserted to form DNA loading wells. PCR 

amplified fragments (10 µl) were loaded with 5µl of 6X Bromophenol loading dye 

and run on the agarose gel for about 60 minutes at 30 volts.  Positive control and 

1kb ladder DNA were run along with the amplicons. Distilled water, dyed with 6X 

Bromophenol was used as negative control. Movement of dye with from cathode 

to anode was observed and power supply was turned off after an hour when 

bands moved far enough to separate amplified products. 

The gels were visualized by a UV illuminator at 540 nm wavelength and 

interpreted by Alpha –Imager 2000 (San Leandro, California) gel documentation 

system. 

2.13 Risk Management of E. coli 

2.13.1 Selection of Plants for Antibacterial Activity 

Plants selection for antibacterial activity was made on the basis of following 

reasons;  

a) For present study, it was aimed to use antibacterial agents that do not have any 

toxic effect on food and human beings. 

 b) People of South Asia use spices for enhancement of flavour and aroma of 

foods and therapeutic use of spices dates back to time immemorial.  

c) Vegetables are perishable items and not preserved for long time as 

preservation require time and cost.  

Plant parts that are commonly used as spices were screened for antibacterial 

activity against different strains of E.coli and include; 

i). Garlic (clove) 

ii). Ginger (rhizome) 
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iii). Coriander (fresh leaves) 

iv). Cinnamon (bark) 

v). Mustard (seeds) 

vi). Mint (fresh leaves) 

vii). Black pepper (fruit) 

All of above spices were analysed for their anti E.coli activity either as raw or their 

extracts were made by using solvents a). water b). methanol c). acetone. 

Cinnamon, mustard seeds and black pepper were purchased from local pansara 

store and garlic clove, ginger rhizome, fresh leaves of mint and coriander were 

bought from a vegetable hawker. 

2.13.2 Preparation of Raw Extracts 

Garlic and Ginger 

Garlic cloves and ginger rhizome (Fig.1a-b) were washed with sterile distilled 

water in a beaker, peeled off and cut with a sterile knife into small pieces. 

Chopped material was placed in sterilized Petri dish. About 200 g garlic was 

weighed and finely crushed with the help of sterile pestle and mortar. The extract 

was filtered through a Wattman filter paper and collected in a sterile beaker.  

Same amount of ginger was taken, crushed and filtered. The filtrate was kept in 

refrigerator at 4˚Cfor antibacterial study (Jabbar and Al-Mossawi, 2007). 
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Fig.1a. Bulbs of garlic (Allium sativum) used in the antibacterial study. 

 

Fig.1 b. Rhizome of ginger used in the antibacterial study. 
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Mint and Coriander Leaves 

Mint and coriander leaves (Fig.1c-d) were taken and washed with running tap 

water. They were washed again with sterile distilled water to remove all potential 

pathogens. Two hundred g were taken, crushed and filtered in the same manner 

as described above. The extract was preserved in refrigerator. 

Cinnamon, Black Pepper and Mustard  

Cinnamon bark, black pepper fruit and mustard seeds (Fig.1e-g) were cleaned 

manually and ground in a Coffee grinder (Braun, Mexico). They were not washed 

as some of their compounds might have lost during washing. One g of fine powder 

of each plant material was taken and reconstituted in 100ml sterile distilled water. 

Fifty percent concentration of raw extracts was used for antibacterial assay by 

adding equal amount of sterile distilled water to them.  

 

Fig.1 c Fresh Coridander Leaves used in the antibacterial study.  
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Fig.1 d. Fresh mint Leaves 

 

 

Fig.1e.Cinnamon bark 
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Fig 1f. Black pepper berries used as spice and antibacterial agent. 

 

Fig.1g mustard seeds 
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2.14 EXTRACTS MADE THROUGH SOLVENTS 

Plant extracts were prepared by Buchi extraction system associated with Buchi 

recirculation chiller. Extraction, rinsing and drying was done automatically by the 

equipment. The apparatus did not require any calibration. Water availability in 

chiller was regularly checked and its temperature was kept between10-15˚C. 

2.14.1 Preparation of Extracts 

Sixty grams sample was weighed and subdivided into 4 subgroups, each having 

15g. Samples were put in paper thimbles provided with the Buchi extraction 

system. Glass beakers were weighed on the analytical balance before extracting 

the plant product. Thimbles were mounted in the extraction system at their specific 

site. Beakers were placed on the hot plate of the instrument. Reticulating chiller 

was turned on for the water supply. Sensor was adjusted 1 cm above the sample 

height in the thimble.  Using the digital programme of the equipment temperature 

was set just above the boiling point of the solvent used (110˚C in case of water, 

65˚C for acetone, 78˚C for methanol). Duration of the extraction was set to 2 

hours. START button was pressed and cycle started. The solvent evaporated and 

the vapour rose up to the condenser. The condensed solvent flowed down along 

the condensation tube into the sample. The glass valve was closed. The solvent 

level increased up to the optical sensor. The sample was extracted. The optical 

sensor detected the solvent level and opened the glass valve. The solvent with the 

extract flowed back into the solvent cup of the instrument. When the extraction 

time was over the system went to the next step. 

2.14.2 Rinsing 

The sample was automatically taken out of the extraction chamber. The solvent 

was vapourized, rose up to the condenser and condensed. The glass valve was 

opened and the solvent flowed back into the solvent cup. The extraction chamber 

and the thimble were rinsed in two steps. Each step consisted of 15 minutes. 



Chapter-2                                                                              Material and Methods 
 

72 

Risk Assessment and Management of Escherichia coli in Local Vegetable Markets 
 
 

2.14.3 Drying 

The extract contained some traces of solvent. The beakers containing extract was 

placed hot air oven for some time to completely evaporate the solvent.  The 

beakers were kept in dessicator until they reached the room temperature. Beakers 

were again weighed on the analytical balance and noted as under: 

Weight of empty beaker= W1 

Weight of beaker containing extract= W2 

Weight of the sample=W3 

2.14.4 Culculation 

The percentage of the extract was calculated in the following way: 

Extract % = W2-W1 X100 

W3 

The dry weight of the extract was determined to know their concentration (in 

mg/ml) and make required dilutions. All extracts were sterilized by membrane 

filtration method as described by Aboaba et al.,( 2006). 

2.15 USE NON-TOXIC CHEMICALS 

2.15.1 Use of Citric Acid 

Citric acid is naturally present in the Citrus fruit and applied widely as a 

preservative in soft drinks. Its five concentrations were used against the above 

mentioned five E. coli strains. The concentrations used were; 0.5%, 1.0%, 1.5%, 

2.0% and 2.5%. 
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2.15.2 Use of Acetic Acid 

Vinegar is the reservoir of acetic acid which is commonly used in many 

continental, Chinese and Italian foods especially in salad preparations. The 

concentration of acetic acid used for antibacterial study were; 0.5%, 1.0%, 1.5%, 

2.0% and 2.5%. 

2.15.3 Use of Common Salt  

Use of common salt makes the food more delicious. It provides important minerals 

to human body. The concentration used were 0.5%, 1.0%, !.5%, 2.0% and 2.5%. 

2.15.4 E.coli Strains Used in Antibacterial Assay  

Five E.coli strains were selected for antibacterial assay, these were; 

 E.coli Edl 933 

 E.coli ATCC No. 8739 

 E.coli isolate 178 VB 

 E.coli isolate 173 VB 

 E.coli isolate 157 VB 

2.15.5 Preparation of E.coli Inoculum 

Each strain to be used in antibacterial assay was cultured in tryptic soy broth for 

24 hrs at 35-37˚C. The cultures were centrifuged after incubation at 2600 rpm for 

20 minutes. The supernatant was discarded and pellet was resuspended in 0.2 % 

peptone water (sterile) to yield 106 cfu/ml.  

2.15.6 Preparation of Diffusion Discs 

Whatman filter papers were cut with a paper punch and paper discs were formed 

with 4mm diameter. All discs were sterilized in autoclave and dipped in the 

prepared plant extracts of desired concentration for 2 hrs. Then, they were allowed 

to dry for 2 hrs. 
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2.15.7 Determination of Inhibition Zone 

a). Raw Extracts 

Antibacterial inhibition zone was determined by the method described by 

Chehregani et al., (2007) with some modifications. One ml of above bacterial 

culture was taken and put in sterilized Petri dish. Autoclaved nutrient agar held at 

45˚C in water bath, was poured in the plates. Agar medium plates were allowed to 

solidify for 1 1/2 hr. Paper discs were placed with sterile forceps on the agar 

medium carefully and all sets of Petri dishes of individual extracts were incubated 

at 35˚C for 24-48 hrs.  A single Petri dish contained five discs and each raw 

extract was applied to 5 E. coli strains. Only one concentration of raw extracts was 

applied to each strain. Zones of inhibition were measured with a millimeter scale 

and counterchecked by a vernier caliper. Sterile distilled water disc was used as 

negative control while absolute ethanol was considered as positive control. 

b) Products Extracted Through Solvents 

Five concentrations of water extract of 7 plants were applied against five E.coli 

strains. The concentration used were; 2.5mg/ml, 5mg/ml, 10mg/ml, 20mg/ml and 

50mg/ml. These concentrations were made from stock solution of the extracts kept 

in the refrigerator at 4˚C. The experiment was conducted in duplicates. All Petri 

dishes containing E. coli culture and bacterial discs were incubated for 24-48 hrs 

at 35-37˚C.   

2.16 DETERMINATION OF MINIMUM INHIBITORY AND MINIMUM 

BACTERICIDAL CONCENTRATION 

Minimum inhibitory concentration (MIC) and Minimum bactericidal concentration 

(MBC) was determined as given by Aboaba et al., (2006). A double fold dilution of 

extract showing bactericidal activity was made with sterile nutrient broth in a six 

test tubes series. One ml of E.coli culture grown in nutrient broth was inoculated in 

each test tube. Control tubes were prepared by adding equal volume of sterilized 



Chapter-2                                                                              Material and Methods 
 

75 

Risk Assessment and Management of Escherichia coli in Local Vegetable Markets 
 
 

distilled water and 75% ethanol. The method was modified as whole set of tubes 

were incubated at 35˚C instead of 37˚C for 24 hrs. The concentration that did not 

show any growth as compared to control was taken as MIC. Suspension in test 

tubes showing no growth were diluted in freshly sterilized nutrient broth, spread on 

sterilized MacKonkey agar and incubated at 35˚C for 24 hrs. The Petri plate of a 

particular concentration showing no growth after incubation was assumed as 

MBC. 

2.17 COMBINED EFFECT OF ANTIBACTERIAL AGENTS 

Citric acid, acetic acid and common salt are all edible items and enhance flavour 

of food. These are also used as preservative of food because of their synergistic 

effect. These agents along with plant extracts (produced from spices) can form a 

non toxic antibacterial mixture that can be directly sprayed on unprocessed 

vegetables sold at retail outlets. The mixture can also be used in prepared salads 

and minimally processed vegetables. 

 The plant extracts and the commonly used chemicals showing best results were 

combined in 100 ml mixture and directly applied on lettuce, cucumber, tomato and 

cabbage.  Twenty five g each vegetable was immersed in prepared sanitizing 

solution for 25 minutes. These vegetables were analysed and compared for APC, 

Total coliforms, Faecal coliforms and E.coli before and after immersion (FAO, 

1992). 

2.18 STATISTICAL ANALYSIS 

All experiments were performed in triplicate. The means, standard deviation and 

standard error of all experiments was determined. Statistical analysis of difference 

between mean values obtained for survey of aerobic plate count was depicted by 

Three Factoral Analysis of Variance (ANOVA), carried out by Minitab software 

version 15 programme and Statistix version 8.1 was used for all pairwise 

comparison to calculate LSD values. APC, values were converted into log 10 prior 
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to ANOVA and LSD. P-values of 0.05 or less were considered as significantly 

different. Graphs preparation and standard error calculation was performed in 

Excel 2007. Total Coliforms, Faecal Coliforms, E.coli values were also converted 

to log 10 before graph preparation and Paired “T” test was applied to assess the 

significance level between unwashed and washed vegetables. 
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RESULTS 

 

The survey was conducted to assess the risk related to quality of salad vegetables 

sold at retail outlets in three major cities of Pakistan and managing that risk by use 

of some common edible household antimicrobial agents. During this research four 

salad vegetables; tomato, lettuce, cabbage and cucumber were sampled from 

three shops of each of three markets of Islamabad, Rawalpindi and Lahore. All 

these vegetables were grouped into two sub samples and analysed as unwashed 

and washed. A total of 108 samples were collected from their respective shops 

and markets and coded after transporting to the laboratory. In the laboratory these 

samples were analysed for aerobic plate count, total coliforms, faecal coliforms 

and Escherichia coli. About 250 isolates of E.coli were obtained from these 

samples and preserved for serotyping and Polymerase Chain Reaction (PCR). 

Citric acid, acetic acid, common salt and spice extracts including garlic, ginger, 

cinnamon, coriander leaves, mint leaves, mustard flour and black pepper were 

used for antibacterial assay against five different strains of E.coli including Edl 

933, ATCC8739, 157VB, 173VB and 178VB. The promising antibacterial agents 

were combined and directly applied on tomato, lettuce, cucumber and cabbage to 

manage the risk related to coliforms and E.coli. 

 

3.1 Samples Collection 

 

Samples were collected randomly from randomly selected shops and markets. 

One kg of fresh salad vegetables were obtained from selected city markets and 

brought to the laboratory. Here, samples were coded according to the laboratory 

schedule samples. As vegetable perish soon and their analysis require extensive 

labour and apparatus, samples were not collected in bulk. Table (1) indicates 

details of the samples collected and the code given in the Food Microbiology 

Laboratory of Grain Quality Testing Laboratory (GQTL), National Agriculture  
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Table 1: Details of samples collected from different markets of three cities. 

 

S.NO Sample Code Vegetable Type Market City 

1. FMS33abc Cabbage Melody Islamabad 

2. FMS38abc Lettuce Melody Islamabad 

3. FMS72abc Lettuce Aabpara Islamabad 

4. FMS82abc Lettuce Sector G-9/4 Islamabad 

5. FMS95abc Tomato Aabpara Islamabad 

6. FMS96abc Tomato Melody Islamabad 

7. FMS97abc Tomato Melody Islamabad 

8. FMS101abc Cucumber Aabpara Islamabad 

9. FMS102abc Tomato G-9/4 Islamabad 

10. FMS103abc Cucumber G-9/4 Islamabad 

11. FMS105abc Tomato Khanapul Rawalpindi 

12. FMS106abc Cucumber Khanapul Rawalpindi 

13. FMS107abc Cabbage Aabpara Islamabad 

14. FMS202abc Cucumber Rajabazar Rawalpindi 

15. FMS209abc Tomato Rajabazar Rawalpindi 

16. FMS216abc Cabbage Rajabazar Rawalpindi

17. FMS217abc Lettuce Rajabazar Rawalpindi

18. FMS258abc Tomato Chungi22 Rawalpindi

19. FMS265abc Cabbage Chungi22 Rawalpindi

20. FMS277abc Cucumber Chungi22 Rawalpindi

21. FMS282abc Lettuce Khannapul Rawalpindi 

22. FMS283abc Lettuce Chungi22 Rawalpindi

23. FMS284abc Cabbage Sector G- 9/4 Islamabad 

24. FMS292abc Lettuce Ichhra Lahore 

26. FMS293abc Cabbage Ichhra Lahore 

27. FMS294abc Cucumber Ichhra  Lahore 

28. FMS295abc Tomato Ichhra Lahore 

29. FMS296abc Lettuce Defence Lahore 

30. FMS298abc Tomato Defence Lahore 
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S.NO Sample Code Vegetable Type Market City 

31. FMS298abc Tomato Defence  Lahore 

32. FMS299abc Cucumber Defence Lahore 

33. FMS300abc Cabbage Mall Road Lahore 

34. FMS301abc Cabbage Mall Road Lahore 

35. FMS302abc Cucumber Mall Road Lahore 

36. FMS303abc Tomato Mall Road Lahore 

 

 

Research Centre, Islamabad. Each vegetable collected from three shops of any 

market was provided with single code and then subdivided into a, b, and c 

samples, like cucumber samples from Rajabazar were coded FMS202a, FMS202b 

and FMS202c from three different shops. Islamabad markets were sampled first 

being the nearest sampling site. Cabbage (FMS33abc) was sampled from three 

markets of Melody covered market randomly. Samples were collected as per 

requirement and coded accordingly e.g. Islamabad vegetable samples were 

collected and coded from FMS 33abc to FMS 284abc. Rawalpindi markets 

searched for the survey included main markets of Khannapul vegetable market, 

Rajabazar vegetable market and Chungi 22 vegetable market (FMS105abc to 

FMS 283abc). FMS 292abc to FMS 303abc consisted of salad vegetables 

sampled from Lahore markets. A single sample was subdivided into two 

subsamples to analyse them as unwashed and washed. 

 

3.2 Sample Analysis 

 

3.2.1 Determination of pH 

 

Each Vegetable sample was blended in sterile distilled water and its pH was 

measured with the help of digital pH metre. Lowest pH values were recorded for 

tomatoes and cabbage blended samples showed highest pH values in overall 

survey (Fig. 2). Samples collected from Islamabad varied for their average pH 
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values from 4.31(FMS 95abc, tomato, Aabpara) - 6.41 (FMS 101abc, Cucumber, 

Aabpara).Rawalpindi city contained vegetables of pH 4.75 (FMS105abc, tomato, 

Khannapul) to 6.23 (FMS217abc, lettuce, Rajabazar). Mall road vegetable market 

of Lahore showed lowest average pH of 4.4 (FMS 303 abc, tomato). Overall, 

sample FMS 95a, tomato from Aabpara market, Islamabad exhibited lowest pH 

value (4.31) and highest pH value (6.6) was recorded for lettuce (FMS292a) from 

Ichhra Lahore. pH of cabbage and lettuce were found to be close to one another 

while that of cucumber and tomato varied differently from all vegetables tested. 
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Fig. 2: pH of vegetable samples isolated from different markets. 
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3.2.2 Aerobic plate count (APC) 

 

Aerobic plate count was determined by the pouring on a plate technique using 

serial dilution method. Unwashed and washed vegetable samples were separately 

blended in the Butterfield phosphate buffer and inoculated in the sterile Plate 

Count Agar (PCA) Medium for Aerobic Plate Count (APC). Analysis of variance 

(ANOVA) indicated a highly significant difference at P<0.01 in APC of the three 

cities while significant difference (P<0.05) was found in APC of the three markets 

of the cities. A highly significant difference (P<0.01) was exhibited between 

unwashed and washed condition of the samples. All pairwise comparison was 

made to find least significant difference (LSD) of the APC means. 

 

 Aerobic plate count of tomato  

 

Analysis of variance for tomato aerobic plate count revealed significant results for 

APC in three cities at p<0.05 (Table 2a). This significant difference was also noted 

in all markets surveyed for APC. A prominent and significant decrease in APC of 

washed tomato samples was noted. The interactions between factors city x 

condition, market x condition and city x condition x market of the experiment 

remained non significant. However, a significant response was recorded for city x 

market interaction. All pairwise comparison test revealed that city means are 

significantly different from one another at p<0.05 with standard error + 0.1398 and 

LSD value 0.2835. APC mean of market 1 was significantly different from means 

of market 2 and 3. APC for unwashed and washed condition of tomato samples 

analysed varied significantly with LSD 0.2315 and SE + 0.1142 (Table 2b). 

 

 Aerobic plate count of lettuce 

 

Lettuce was also applied trifactoral ANOVA for aerobic plate count (APC), source 

of variation consisted of city, market and condition of unwashed and washed 

samples. A highly significant difference (p<0.05) was found between cities for 
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aerobic plate count of lettuce (Table 3a). Highest bacterial population was 

observed on lettuce among all other vegetable types studied during the survey. 

Maximum number of colonies were observed for lettuce sample FMS 300abc, 

collected from Mall road Lahore (7.648 log10). Minimum number of aerobic 

colonies were noted for lettuce FMS 82abc, Sector G-9/4, Islamabad. APC 

decreased considerably after washing with sterile distilled water but number of 

colonies could not be completely eliminated from lettuce samples. City (factor 1) 

and market (factor 2) interaction influenced significantly APC at p<0.05 (Table 3a). 

 

Results of all pairwise comparison indicated that APC means for city 1 and city 3 

varied non significantly with each other and significantly from that of city 2 with 

LSD value of 0.3979 and SE + 0.1962. Market 1 differed significantly for APC from 

other two markets LSD=0. 3979 and SE + 0.1962. Washed condition APC mean 

also decreased significantly from unwashed APC mean (Table 3b).  

 

 Aerobic plate count of cucumber 

 

City, condition and interaction of city and market presented highest influence on 

number of colonies on cucumber samples at p< 0.05 (Table 4a). APC differed non 

significantly between different cities. The interactions between city and condition, 

market and condition varied non significantly. The three factor interaction of city, 

market and condition also showed non significant result. Although washing with 

distilled water had significantly (p<0.05) reduced the APC of cucumber.  

All pairwise comparison results demonstrated that APC city means varied 

significantly at LSD=0.4100 and SE= +0.2022. Both conditions showed significant 

difference at p<0.05 for cucumber APC (LSD=0.3348 and SE=+1651). Market 

1also differed significantly from other two markets (Table 4b).Fig.3b shows two 

Petriplates showing APC of cucumber collected from Rajabazar. 
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 Aerobic plate count of cabbage 

 

Analysis of variance conducted for APC of cabbage revealed that a significant 

difference (p<0.05) lied between cities and condition of vegetable samples of 

different cities. The interaction of city and market showed significant result 

(p<0.05). A non significant effect of market was noted in different cities studied for 

cabbage APC. Interaction between market and condition, city, market and 

condition showed non significant results (Table 5a). All pairwise comparison test 

depicted for least significant difference between APC means indicated that 

Islamabad (city 1) and Lahore (City 3) showed a significant difference with each 

other but varied non significantly from Rawalpindi (city 3) at LSD=0.4377 AND 

SE=+0.2158. APC means of different markets showed non significant difference at 

same LSD. Conditions varied significantly for mean APC at LSD=0.3573 and 

SE=+0.1762 (Table 5b).Fig.3a presents a view of total bacteria grown on PCA, 

present in cabbage of Aabpara, Islamabad. 

 

 
Table 2a: Analysis of Variance for Aerobic Plate Count (APC) for tomato.  
 
 

 

                    *all values are significant at p<0.05 otherwise non significant 

 

 

 

Source DF Sum of 
Squares

 Mean 
Square 

F P 

City 2 11.4285 5.7142 15.53 0.000 
Market 2 3.1734 1.5867 4.31 0.021 
Condition 1 19.5975 19.5975 53.28 0.000 
City*market 4 5.0733 1.2683 3.45 0.017 
City*Condition 2 1.6864 0.8432 2.29 0.116 
Market*Condition 2 0.1482 0.0741 0.20 0.818 
City*Market*Condition 4 0.6390 0.1597 0.43 0.783 
Error 36 13.2420 0.3678   
Total 53     
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Table 2b: All pairwise comparison test (LSD) for means of APC of tomato. 

 

 City Market Condition 
1 4.6645 a 4.6571 a 5.6976 a 
2 5.4917 b 5.3492 b 4.5361 b 
3 5.1945 c 5.3444 b  
LSD values 
(p<0.05) 

0.2835 0.2202 0.2315 

Standard Error 0.1398 0.095 0.1142 
 

*all values that share common alphabets are non significantly different at p<0.05 otherwise they 

vary significantly 

 

 

Table 3a: Analysis of Variance for Aerobic Plate Count (APC) for Lettuce 

 
 

Source DF Sum of 
Squares 

Mean 
Square 

F P 
 

City 2 6.3205 3.1602 17.96 0.0000 
Market 2 5.7093 2.8546 16.23 0.000 
Condition 1 18.2120 18.2120 103.53 0.000 
city*market 4 4.4883 1.221 6.38 0.001 
city*condition 2 0.9468 0.4734 2.69 0.081 
market*condition 2 0.3804 0.1902 1.08 0.350 
Error 4 1.1265 0.2816 1.60 0.195 
Total   36 6.3330 0.1759   
 53     
 

 

*all values are significant at p<0.05 otherwise non significant 
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Table 3b: All pairwise comparison test (LSD) for means of APC of lettuce. 

 

 City Market Condition 
1 5.7406  5.5190 a 6.5902 a 
2 6.1282  6.1613 b 5.3084 b 
3 5.9792  6.1677b  
LSD values 
(p<0.05) 

0.3979 0.3979 0.1602 

Standard 
Error 

0.1962 0.1962 0.3249 

 

 

*all values that share common alphabets are non significantly different at p<0.05 otherwise they 

vary significantly 

 

Table 4a: Analysis of Variance for Aerobic Plate Count (APC), for cucumber 

 

 

Source DF  SS MS F P 
 

City 2 1.3763 0.6882 1.99 0.152 
Market 2 5.0000 2.5000 7.22 0.002 
Condition 1 22.1812 22.1812 64.02 0.000 
city*market 4 14.1498 3.5374 10.21 0.000 
city*condition 2 0.1118 0.0559 0.16 0.852 
market*condition 2 0.5789 0.2895 0.84 0.442 
city*market*condition 4 0.6110 0.1528 0.44 0.778 
Error 36 12.4730 0.3465   
Total 53     

 

*all values are significant at p<0.05 otherwise non significant 
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Table 4b: All pairwise comparison test (LSD) for means of APC of cucumber. 

 

 City Market Condition 
1 5.0511 a 5.2995 a 6.2447 a 
2 5.7027 b 5.8110 b 5.0399 b 
3 6.1731 c 5.8164 b  
LSD values 
(p<0.05) 

0.4100 0.4100 0.3348 

Standard 
Error 

0.2022 0.2202 0.1651 

 

*all values that share common alphabets are non significantly different at p<0.05 otherwise they 

vary significantly 

 

 

Table 5a: Analysis of Variance for Aerobic Plate Count (APC) for cabbage. 

 

 

Source DF    Seq SS MS   F P 
City 2 3.6757 1.8378 4.38 0.020 
Market 2 0.8543 0.4271 1.02 0.371 
Condition 1 13.1858 13.1858 31.46 0.000 
City*Market 4 6.7674 1.6918 4.04 0.008 
Market*condition 2 1.5075 0.7538 1.80 0.180 
City*Market 
*Condition 

2 0.2160 0.1080 0.26 0.774 

Error 4 0.2831 0.0708 0.17 0.953 
Total 36 15.0885 0.4191   
 53 41.5784    

 

 

      *all values are significant at p<0.05 otherwise non significant 
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Table 5b: All pairwise comparison test (LSD) for means of APC of cabbage. 

 

 
 

City Market Condition 

1 5.4723 a 5.7501 6.3190 a 
2 5.9071ab 6.0021 5.3307 b 
3 6.0953 b 5.7226  
LSD values 
(p<0.05) 

0.4377 0.4377 0.3573 

Standard 
Error 

0.2158 0.2158 0.1762 

 

*all values that share common alphabets are non significantly different at p<0.05 otherwise they       

vary significantly 

 

 

 

Fig. 3a. Aerobic Plate count of cabbage (FMS107a), Aabpara, Islamabad. 
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Fig. 3b.Difference between aerobic plate count of washed and unwashed 

cucumber (FMS202b) Rajabazar, Rawalpindi. 

 

3.2.3 TOTAL COLIFORMS 

 

 Islamabad 

 

Vegetable markets were surveyed for presence of total coliforms in unwashed and 

washed samples. Melody market contained highest number of coliforms in 

unwashed lettuce samples, followed by tomato, cucumber and cabbage (Fig.4). 

Washing prominently reduced total coliforms count as is revealed by the graph. 

Cabbage was found to be completely devoid of total coliforms after washing and a 

highly significant (p< 0.01) response was found by paired T test Analysis 

(Appendix V A). Highest number of total coliforms was noted on cabbage in 

Aabpara market while tomato showed minimum number of coliforms in Aabpara. 

Washed samples contained reduced number of total coliforms. Significant 
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difference was noted at p< 0.05 between total coliforms of unwashed and washed 

tomato and cucumber (Fig.5, Appendix V A)). 

 

Sector G-9/4 contained highest number of coliforms for cabbage, lettuce and 

tomato while cucumber harboured minimum number of total coliforms. A highly 

significant (p<0.01) washing effect was noted in case of cucumber (Fig.6, 

Appendix V A)). 

 

 Rawalpindi  

 

Rawalpindi markets revealed results that cabbage from Khannapul  was highly 

contaminated followed by lettuce, cucumber and  least count was found on 

tomatoes (Fig. 7).Washed samples showed decreased number of total coliforms in 

all vegetables. A non significant (p<0.05) effect was observed for lettuce and 

cabbage total coliforms (Appendix V A). Fig.8 shows Rajabazar vegetable market 

analysis for salad vegetables contamination with total coliforms. Cucumber was 

found with highest number coliforms followed by tomato and cabbage while 

cucumbers were least contaminated. Paired T test values for comparison between 

unwashed and washed total coliforms were calculated and given in Appendix V A. 

Chungi 22 vegetable market exhibited cabbage as most contaminated salad 

vegetable while cucumber was least contaminated. Tomato and lettuce contained 

almost equal number of coliforms. Washing has significantly reduced the number 

of coliforms on cabbage and lettuce but non significant difference was noted for 

cucumber and tomato (Fig.9, Appendix V A). 

 

 Lahore 

 

All markets studied for total coliforms in Lahore were found contaminated with 

undesirable number of microorganisms. Ichhra market showed results that 

cabbage was highly contaminated followed by lettuce and cucumber while tomato 

had lowest number of microorganisms (Fig.10). Washed samples were observed 
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with lowered number of coliforms for all vegetables sampled (Appendix V A). 

Defence vegetable market showed highest number of total coliforms associated 

with lettuce followed by cabbage while lowest number was found on the surface of 

tomatoes. Washed samples were lower in total number of coliforms than 

unwashed samples. A significant difference was noted between unwashed and 

washed cucumber, cabbage, tomato and lettuce at p < 0.05 (Fig.11, Appendix V 

A). 

 

Mall road contained highest number of coliforms on the surface of lettuce. All salad 

vegetables harboured more number of coliforms and varied significantly for total 

coliforms MPN log10 cfu/g (Fig.12). Washing reduced significant number of 

coliforms on tomato, lettuce and cucumber  but a non significant response was 

noted for cabbage (Appendix V A) 

 

 

Fig.4: Comparison between unwashed and washed Total Coliforms ( log 10 MPN+ 
S.E) isolated from four salad vegetables, Melody Market, Islamabad. 
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Fig. 5. Comparison between unwashed and washed Total Coliforms (log 10 MPN+ 
S.E) of salad vegetables sold at Aabpara Market, Islamabad. 
 

 

Fig. 6. Comparison between log 10 MPN of Total coliforms of unwashed and 

washed (log 10 MPN+ S.E) salad vegetables of Sector G-9/4 Islamabad. 
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Fig.7: Comparison between Total coliforms of unwashed and washed (log 10 

MPN+ S.E) salad vegetables of Khannapul vegetable markets. 

 

Fig. 8: Comparison between Total coliforms of unwashed and washed (log 10 

MPN+ S.E) salad vegetables of Rajabazar 
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Fig.9. Comparison between Total coliforms of unwashed and washed (log 10 

MPN+ S.E) salad vegetables of Chungi 22 vegetable market. 

 

Fig.10. Comparison between total coliforms (log 10 MPN+ S.E of unwashed and 
washed salad vegetables of Ichhra vegetable market, Lahore. 
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Fig. 11. Comparison between total coliforms (log 10 MPN+ S.E) of unwashed and 
washed salad vegetables of Defence vegetable market, Lahore 
 

 

Fig.12. Comparison between total coliforms (log 10 MPN+ S.E ) of unwashed and 

washed salad vegetables of Ichhra vegetable market, Lahore. 
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3.2.4 FAECAL COLIFORMS 

 

 Islamabad 

Results of faecal coliforms revealed that highest number of faecal coliforms 

were present on lettuce vegetable sampled from melody market while 

cabbage was observed with least number of faecal coliforms. Washed 

lettuce alongwith other vegetables harboured lowered count of faecal 

coliforms (Fig.13, APPENDIX V B). Washing reduced non significantly 

lettuce and cucumber faecal counts. Cabbage faecal contamination 

reduced to zero (p< 0.05) after washing with sterile distilled water. Aabpara 

market harboured highest faecal contamination associated with cabbage 

and lettuce were least contaminated. Washing non significantly reduced 

faecal population(Fig.14, Appendix V B). Sector G-9/4 vegetable market 

analysed for faecal coliforms showed that lettuce harboured maximum 

number of faecal population while cabbage was least contaminated. 

Washed samples showed decreased non significant difference faecal 

coliforms (Fig15, Appendix V B).  

 

 Rawalpindi 

Rawalpindi vegetable markets analysed for faecal contamination were 

observed with faecal contamination and the results revealed that lettuce 

contained maximum number of faecal coliforms. Cabbage was associated 

with least nimber of faecal population(Fig.16). Washed samples showed 

significant (p< 0.05) lower faecal contamination as compared to unwashed 

cucumber and cabbage (Appendix V B). Rajabazar vegetable market were 

found with all samples contaminated with faecal coliforms. Among them 

lettuce contained highest faecal population while cabbage and tomato 

showed lower counts. Washing with sterile distilled water reduced faecal 

contamination significantly in all samples tested except cucumber (Fig.17, 

Appendix V B). Cabbage and lettuce vegetable samples of Chungi 22 
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vegetable market contained maximum number of faecal coliforms while 

cucumber and tomatoes showed lower results for faecal contamination. 

Washing with sterilized distilled water significantly (p< 0.05) eliminated 

faecal contamination in tomatoes and cabbage (Fig.18, Appendix V B). 

 

Fig.13. Comparison of faecal coliforms  (log 10 MPN+ S.E) of unwashed and 

washed salad vegetables of Melody market, Islamabad.   
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Fig.14. Comparison of faecal coliforms (MPN log 10) of unwashed and washed 

salad vegetables of Aabpara market, Islamabad. 

 

 

 Lahore 

 

Ichhra market results revealed that cabbage and lettuce harboured highest faecal 

population while cucumber and tomato were observed with lower counts. Washed 

vegetables analysed for faecal contamination indicated lowered counts of faecal 

contamination. Significant reduction was noted in case of cabbage while other 

vegetables varied non significantly (Appendix V B). Large error bars were noted 

for faecal coliforms count of cucumber because each shop harboured different 

number (Fig.19). Defence vegetable market was also found with all vegetables 

used as salad, contaminated with faecal contamination.Lettuce was densely 

contaminated with faecal coliforms while tomatoes showed lower microbial density 

for faecal coliforms. A non significant reduced number was noted for tomato while 

lettuce, cabbage and cucumber varied significantly at p< 0.05 (Fig.20, Appendix 
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VIB). Mall road vegetable market was found with maximum faecal density for 

cucumber. Although lettuce contained lower faecal counts. Tomatoes were also 

thickly contaminated. Washed samples contained less counts of faecal coliforms 

as compared to unwashed vegetable samples (Fig.21, Appendix V B). 

 

3.2.5 ESCHERICHIA COLI  

 Islamabad 

 

Melody market showed E.coli population in all vegetables tested though least 

E.coli number was found associated with cabbage highest number was observed 

on lettuce samples. Washing significantly reduced (p s 0.05) E.coli population of 

cabbage to zero while other vegetable samples also showed lower E.coli counts 

(Fig.22, Apendix V C). Aabpara market was found with highly contaminated 

cabbage samples while lettuce harboured minimum number of E.coli. Washing 

significantly reduced E.coli population, lettuce E.coli number was reduced to zero 

after washing (Fig 23, Appendix V C). 

 

Sector G-9/4 also showed results higher E.coli counts where cabbage was found 

with least count and lettuce was densely populated with E.coli. Washing effect was 

significantly observed on E.coli contamination (Fig. 24).  Paired T test showed non 

significant reduced E.coli count (p < 0.05) 

 

 Rawalpindi  

 

Rawalpindi markets analysed for E.coli count showed that Khannapul vegetable 

market contained maximum E.coli count for lettuce and cabbage contained lowest 

counts among all vegetables tested (Fig. 25). Rajabazar vegetable market 

harboured lettuce being more contaminated than other vegetables while cabbage 

was observed with lower counts (Fig.26). Chungi 22 vegetable market cabbage 

was thickly contaminated with E.coli while cucumbers contained lower count 
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(Fig.27). Washing significantly reduced E.coli population of three markets of 

Rawalpindi studied (Fig. 25-27, Appendix V C). 

 

 Lahore 

 

Lahore vegetable markets were also observed with E.coli population. Ichhra 

vegetable market showed cabbage and lettuce highly contaminated samples 

(Fig.28). Defence vegetable market also showed similar results (Fig.29). 

Vegetable collected from Mall Road vegetable market were observed with different 

E.coli population where cucumber harboured ,maximum number of E.coli and 

lettuce showed lower counts (Fig.30). Washing lowered E.coli population of all 

vegetables from all markets surveyed (Fig 28-30, Appendix V C). 

 

 

 

Fig.15. Comparison between faecal coliforms ( log 10 MPN+ S.E) of unwashed 

and washed salad vegetables of Sector G-9/4, Islamabad. 
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Fig.16. Comparison between faecal coliforms (log 10 MPN+ S.E) of unwashed and 

washed salad vegetables of Khannapul vegetable market, Rawalpindi  

 

 

Fig.17. Comparison between faecal coliforms (log 10 MPN+ S.E of unwashed 

and washed salad vegetables of Rajabazar vegetable market, Rawalpindi. 
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Fig.18. Comparison between faecal coliforms (log 10 MPN+ S.E) of unwashed 

and washed salad vegetables of Chungi 22 market, Rawalpindi. 

 

Fig.19. Comparison Between Faecal Coliforms (log 10 MPN+ S.E) of Unwashed 

and Washed Salad Vegetables, Ichhra Lahore. 
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Fig.20.Comparison between faecal coliforms (log 10 MPN+ S.E) of unwashed and 

washed coliforms of Defence, Lahore.  

 

Fig.21. Comparison Between Faecal Coliforms (log 10 MPN+ S.E ) of 

Unwashed and Washed vegetables of Mall Road, Lahore Escherichia coli 
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Fig.22. Comparison between E.coli (log 10 MPN+ S.E) of Unwashed and 

Washed Salad Vegetables of Melody Market, Islamabad. 

 

Fig.23. Comparison Between E.coli (log 10 MPN+ S.E ) Unwashed and 

Washed Salad Vegetables of Aabpara Market, Islamabad  
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Fig. 24. Comparison between E.coli (log 10 MPN+ S.E) of unwashed washed 

vegetable samples of Sector G-9/4, Islamabad. 

 

Fig.25. Comparison between E.coli of Unwashed and Washed Salad Vegetables 

of Khannapul Vegetable Market, Rawalpindi  
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Fig.26. Comparison Between E.coli of Unwashed and Washed Salad Vegetable 

Markets, Rajabazar, Rawalpindi. 

 

Fig.27. Comparison Between E.coli of Unwashed and Washed Salad Vegetables , 

Chungi 22 Vegetable Market, Rawalpindi.  
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Fig.28. Comparison of E.coli in Unwashed and Washed Salad Vegetable Samples 

of Ichhra lahore  

 

Fig.29. Comparison between E.coli of unwashed and washed vegetables of 
Defence market, Lahore. 
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Fig.30. Comparison between E.coli of unwashed and washed salad vegetables of 

Mall Road market, Lahore. 

 

3.3 BIOCHEMICAL TESTS OF E.COLI 

 

3.3.1 Biochemical characteristics of Islamabad isolates 

 

A total of 250 different isolates (Appendix II) were collected from 108 vegetable 

samples surveyed during this research. About 84 E.coli isolates were preserved 

from Islamabad vegetable samples (Table 2a-2c). Melody market provided 21 

E.coli isolates of which 9 were of Biotype I and 10 were of Biotype II. One isolate 

showed atypical result (Table 6a). All strains were catalase producing. Twenty 

three E.coli isolated were collected from Aabpara (22VB-50VB). Fifteen E.coli 

isolates belonged to Biotype I group while 8 belonged to Biotype II group (Table 

6b). Sector G-9/4 provided 34 isolates (51-84VB) among which 13 belonged to 
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Biotype I and 2 belonged biotype II (Table 6c). Biotypes I and II were based on 

indole production. Those strains were considered atypical which did not produce 

red colour in methyl red test. All strains were VP negative and non citrate utilizers.  

 

Table 6a: Biochemical tests of isolated strains of E. coli and their biotypes 

(Melody, Islamabad). 

 

E. coli 
Isolate 

Indole 
Production 

Methyl 
Red 

Voges 
Prauskauer 

Koser 
Citrate 

Catalase Biotype 

IVB - + - - + Biotype II 
2VB + + - - + BiotypeI 
3VB - + - - + BiotypeII 
4VB - + - - + BiotypeII 
5VB + + - - + BiotypeI 
6VB + + - - + BiotypeI 
7VB - + - - + BiotypeII 
8VB - + - - + BiotypeII
9VB - + - - + BiotypeII
10VB + + - - + BiotypeI
11VB - + - - + BiotypeII
12VB + + - - + BiotypeI
13VB - + - - + BiotypeII
14VB - + - - + BiotypeII
15VB - + - - + BiotypeII
16VB + - - - + 
17VB - + - - + BiotypeII
18VB + + - - + BiotypeI
19VB + + - - + BiotypeI
20VB + + - - + BiotypeI
21VB + + - - + BiotypeI
 

VB=Vegetable Bacteria 
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Table 6b: Biochemical tests of isolated strains of E. coli and their biotypes 

(Aabpara, Islamabad). 

 

22VB + + - - + BiotypeI
23VB + + - - + BiotypeI
24VB - + - - + BiotypeII
25VB - + - - + BiotypeII
26VB + + - - + BiotypeI
27VB + + - - + BiotypeI
28VB + + - - + BiotypeI
29VB - + - - + BiotypeII
30VB - + - - + BiotypeII
31VB - + - - + BiotypeII
32VB + + - - + BiotypeI
33VB - + - - + BiotypeII
34VB - + - - + BiotypeII
35VB - + - - + BiotypeII
36VB - + - - + BiotypeII
37VB - + - - + BiotypeII
38VB + + - - + BiotypeI
39VB - + - - + BiotypeII
40VB + + - - + BiotypeI
41VB + + - - + BiotypeI
42VB + + - - + BiotypeI
43VB + + - - + BiotypeI
44VB + + - - + BiotypeI
45VB - + - - + BiotypeII
46VB - + - - + BiotypeII
47VB + + - - + BiotypeI
48VB + + - - + BiotypeI
49VB - + - - + BiotypeII
50VB + + - - + BiotypeI

 

Table 6c: Biochemical tests of isolated strains of E. coli and their biotypes 

(Sector G-9/4, Islamabad). 

 

51VB - + - - + BiotypeII
52VB - + - - + BiotypeII
53VB - + - - + BiotypeII
54VB - + - - + BiotypeII
55VB - + - - + BiotypeII
56VB - + - - + BiotypeII
57VB - + - - + BiotypeII
58VB - + - - + BiotypeII
59VB - + - - + BiotypeII
60VB - + - - + BiotypeII
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61VB - + - - + BiotypeII
62VB - + - - + BiotypeII
63VB - + - - + BiotypeII
64VB + + - - + BiotypeI
65VB - + - - + BiotypeII
66VB - + - - + BiotypeII
67VB - + - - + BiotypeII
68VB - + - - + BiotypeII
69VB - + - - + BiotypeII
70VB + + - - + BiotypeI
71VB + + - - + BiotypeI
72VB + + - - + BiotypeI
73VB + + - - + BiotypeI
74VB + + - - + BiotypeI
75VB + + - - + BiotypeI
76VB + + - - + BiotypeI

77VB + + - - + BiotypeI
78VB + + - - + BiotypeI

79VB - + - - + BiotypeII

80VB + + - - + BiotypeI
81VB - + - - + BiotypeII
82VB - + - - + BiotypeII
83VB + + - - + BiotypeI
84VB + + - - + BiotypeI

 

3.3.2 Biochemical tests of E.coli  Rawalpindi isolates 

 

Rawalpinidi vegetable market showed 18 E.coli isolates belonged to E.coli Biotype 

II while 7 were Biotype I. One E.coli strain showed atypical characteristics and was 

confirmed as E.coli isolate after Gram staining (Table 7a).Twenty eight E.coli 

isolates were obtained from Rajabazar of Rawalpindi. Nineteen E.coli isolates 

were Biotype I and 7 biotype II (Table 7b).Among 23 isolates of E.coli 19 were 

Biotype I, three were biotype II and one showed atypical characteristics (Table 7c). 

All isolates produced catalase. Fig. 31a shows catalase production by E.coli 

157VB isolate of Chungi 22 vegtable market. 
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Table7a: Biochemical tests of isolated strains of E. coli and their biotypes 

(Khannapul, Rawalpindi). 

85VB - + - - + BiotypeII 
86VB - + - - + BiotypeII
87VB + + - - + BiotypeI
88VB + + - - + BiotypeI 
89VB + + - - + BiotypeI
90VB - + - - + BiotypeII 

91VB + - - - +  

92VB + + - - + BiotypeI
93VB - + - - + BiotypeII
94VB + + - - + BiotypeI 
95VB - + - - + BiotypeII
96VB - + - - + BiotypeII
97VB - + - - + BiotypeII 
98VB - + - - + BiotypeII
99VB + + - - + BiotypeI
100VB - + - - + BiotypeII 
101VB - + - - + BiotypeII
102VB - + - - + BiotypeII 

103VB - + - - + BiotypeII
104VB - + - - + BiotypeII 

105VB + + - - + BiotypeI
106VB - + - - + BiotypeII
107VB - + - - + BiotypeII 
108VB - + - - + BiotypeII 

109VB - - - - + BiotypeII 

110VB - + - - + BiotypeII 

 

Table 7b. Biochemical tests of isolated strains of E. coli and their biotypes 

(Rajabazar,Rawalpindi). 

 

111VB - + - - + BiotypeII 

112VB - + - - + BiotypeII 

113VB + + - - + BiotypeI 

114VB + + - - + BiotypeI 

115VB + + - - + BiotypeI
116VB - + - - + BiotypeII 
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117VB + + - - + BiotypeI 

118VB + + - - + BiotypeI
119VB + + - - + BiotypeI
120VB - + - - + BiotypeII
121VB + + - - + BiotypeI
122VB + + - - + BiotypeI
123VB - + - - + BiotypeII
124VB - + - - + BiotypeII
125VB + + - - + BiotypeI 
126VB + + - - + BiotypeI
127VB - + - - + BiotypeII 

128VB - + - - + BiotypeII 

129VB + + - - + BiotypeI
130VB + + - - + BiotypeI 

131VB + + - - + BiotypeI
132VB + + - - + BiotypeI 

133VB + + - - + BiotypeI
134VB + + - - + BiotypeI 

135VB + + - - + BiotypeI
136VB + + - - + BiotypeI 

137VB - + - - + BiotypeII
138VB + + - - + BiotypeI 

 

 

Table 7c: Biochemical tests of isolated strains of E. coli and their biotypes 

(Chungi 22, Rawalpindi). 

 

139VB + + - - + BiotypeI 
140VB + + - - + BiotypeI
141VB + + - - + BiotypeI
142VB - + - - + BiotypeII
143VB + + - - + BiotypeI
144VB + + - - + BiotypeI
145VB + + - - + BiotypeI
146VB + + - - + BiotypeI
147VB + + - - + BiotypeI
148VB + + - - + BiotypeI 
150VB - + - - + BiotypeII
151VB + + - - + BiotypeI
152VB + + - - + BiotypeI
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153VB + + - - + BiotypeI
154VB + + - - + BiotypeI
155VB + + - - + BiotypeI 
156VB + + - - + BiotypeI
157VB - + - - + BiotypeII
158VB + + - - + BiotypeI
159VB + + - - + BiotypeI 

160VB + + - - + BiotypeI
161VB + - - - +  

162VB + + - - + BiotypeI
 

 

3.3.3 Biochemical characteristicts of Lahore isolates. 

 

A total of 87 isolates were preserved from Lahore vegetable markets (Table 8a-

8c). Thirty nine E.coli isolates were obtained from Lahore Ichhra vegetable market. 

Only 11 isolates were Biotype I (31.43%) while rest (68.57%) exhibited Biotype II 

properties (Table 8a, Fig.33a).Table 8b shows that 11 isolates are Biotype I and 

13 belong to Biotype II isolated from Defence vegetable market. Fig.33a indicates 

that 45.83% isolates were Biotype I and 54.16% belonged to Biotype II. Fourteen 

E.coli isolates from Mall road market belonged to Biotype I (48.28%) and 15 

(51.72%) showed Biotype II characteristics (Table 8c, Fig.33a). Fig.31b indicates 

catalase production by E.coli 178VB isolated from Icchra, Lahore. Indole 

production was indicated by formation of deep pink ring in tryptone broth and 

uninoculated tryptone broth served as media control (Fig.32).  
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Table 8a : Biochemical tests of isolated strains of E. coli and their biotypes 

(Ichhra, Lahore). 

 

163VB - - - - + BiotypeII
164VB - + - - + BiotypeII 

165VB - + - - + BiotypeII
166VB + + - - + BiotypeI 

167VB + + - - + BiotypeI 

168VB - + - - + BiotypeII 

169VB - + - - + BiotypeII 

170VB - + - - + BiotypeII
171VB - + - - + BiotypeII 

172VB - + - - + BiotypeII
173VB - + - - + BiotypeII
174VB + + - - + BiotypeI 
175VB - + - - + BiotypeII
176VB - + - - + BiotypeII
177VB - + - - + BiotypeII
178VB + + - - + BiotypeI
179VB + + - - + BiotypeI
180VB + + - - + BiotypeI
181VB - + - - + BiotypeII
182VB + + - - + BiotypeI 
183VB + + - - + BiotypeI
184VB - + - - + BiotypeII 

185VB + + - - + BiotypeI
186VB - + - - + BiotypeII 

187VB - + - - + BiotypeII
188VB - + - - + BiotypeII 

189VB - + - - + BiotypeII
190VB + - - - + BiotypeI 

191VB - + - - + BiotypeII
192VB - + - - + BiotypeII 

193VB - + - - + BiotypeII
194VB + + - - + BiotypeI 

195VB - + - - + BiotypeII
196VB - + - - + BiotypeII 

197VB - + - - + BiotypeII
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Table 8b: Biochemical tests of isolated strains of E. coli and their biotypes 

(Defence, Lahore). 

 

 

198VB - + - - + BiotypeII
199VB - + - - + BiotypeII 
200VB + + - - + BiotypeI
201VB + + - - + BiotypeI
202VB - + - - + BiotypeII
203VB - + - - + BiotypeII
204VB + + - - + BiotypeI
205VB - + - - + BiotypeII
206VB - + - - + BiotypeII
207VB - - - - + BiotypeII
208VB + + - - + BiotypeI
209VB + + - - + BiotypeI
210VB - + - - + BiotypeII
211VB - + - - + BiotypeII
212VB - + - - + BiotypeII
213VB - + - - + BiotypeII
214VB + + - - + BiotypeI
215VB + + - - + BiotypeI
216VB + + - - + BiotypeI
217VB + + - - + BiotypeI
218VB + + - - + BiotypeI
219VB + + - - + BiotypeI
220VB - + - - + BiotypeII
221VB - + - - + BiotypeII
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Table 8c: Biochemical tests of isolated strains of E. coli and their biotypes 

(Mall Road, Lahore). 

 

222VB - + - - + BiotypeII
223VB - + - - + BiotypeII
224VB - + - - + BiotypeII
225VB + + - - + BiotypeI
226VB - + - - + BiotypeII
227VB - + - - + BiotypeII
228VB + + - - + BiotypeI
229VB - + - - + BiotypeII
230VB + + - - + BiotypeI 

231VB - + - - + BiotypeII 

232VB - + - - + BiotypeII 

233VB - + - - + BiotypeII
234VB + + - - + BiotypeI 

235VB + + - - + BiotypeI
236VB - + - - + BiotypeII
237VB + - - - + BiotypeI
238VB - + - - + BiotypeII
239VB - + - - + BiotypeII
240VB + + - - + BiotypeI 
241VB + + - - + BiotypeI 
242VB + + - - + BiotypeI 
243VB + + - - + BiotypeI
244VB - + - - + BiotypeII 
245VB - + - - + BiotypeII 

246VB + + - - + BiotypeI 

247VB + + - - + BiotypeI
248VB + + - - + BiotypeI
249VB + + - - + BiotypeI
250VB - + - - + BiotypeII 
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Fig.31a. Percentage of occurrence of E.coli biotypes in each market of Islamabad, 

Rawalpindi and Lahore. 

 

Fig.31b. Overall view of biotypes of E.coli in vegetable markets of Islamabad,  

     Rawalpindi and Lahore. 
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Fig.32a.Catalase production by E.coli isolate 157VB. 

 

 

Fig. 32b. Catalase production by E.coli isolate 178VB 
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Fig.33. Indole production indicated by deep pink colour and media control (green 

colour). 

3.4 Growth on EMB and SMaC 

 

E.coli isolates were cultured on EMB agar. It was found that E.coli strains mostly 

produced green metallic sheen and appear purple colonies with dark centres 

(Fig.34ab, Appendix II). Green metallic sheen in some cases disappeared after 

few hours of appearance while in some cases it persisted for indefinite time period. 

Each strain was also cultured on Sorbitol MacConkey agar. E.coli isolates 

appeared as pink were considered as Non O157 and those which appeared 

colourless were non sorbitol fermenters and were supposed to be O157 

(Fig.35ab). It is characteristic of E.coli O157 that it does not ferment sorbitol. Such 

strains were confirmed by E.coli O157 dry spot detection kit and all other isolates 

were sent to Rahila Research and Reference Laboratory, Karachi for serotype 

confirmation. 
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Fig. 34a. Growth of E.coli isolate 178VB on EMB agar 

 

Fig. 34b. Growth of E.coli isolate 158VB on EMB agar. 
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Fig.35a. Growth of sorbitol fermenting E.coli on Sorbitol MacConkey Agar 

 

Fig.35b.Growth of sorbitol non fermenting E.coli on sorbitol MacConkey agar. 
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3.5 SEROTYPING 

Serotyping results showed that 19 strains belonged to E.coli O157 and two were 

confirmed as O157:H7. Positive agglutination was noted for O157 serogroup while 

negative agglutination indicated presence of non O157 E.coli (Fig. 36). E.coli Edl 

933 was used as positive control while E.coli ATCC 8739 was used as negative 

control (Fig. 36). One strain was found to belong to serogroup E.coli O111. While 

two strains were E.coli O157:H2 (Table 9). Majority of isolates could not be 

identified by sets of sera used in the study (Appendix VI). 

 

 

 

 

Fig.36. E.coli O157 and non O157 detection by Oxide Dry spot detection kit. 
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Table 9. Serotypes of E.coli isolates. 

E.coli 
Isolate 

E.coli 
Polyvalent 
1 

E.coli 
Polyvalent 
2 

E.coli 
Polyvalent 
3 

E.coli 
Polyvalent 
4 

E.coli Rapid-H Growth on

2VB Negative Negative O157 Negative Mixed agglutination Purple with
12VB Negative  Negative O157 Negative Positive H-2 Purple with
20VB Negative  Negative O157 Negative Negative  Purple with
31VB Negative  Negative O157 Negative Positive H-2 Purple with
43VB Negative  Negative O157 Negative Negative  Purple with
89VB Negative  Negative O157 Negative Negative  Purple with
92VB Negative  Negative O157 Negative Negative  Purple with
101VB Negative  Negative O157 Negative Negative  Purple with
112VB Negative  Negative O157 Negative Negative  Purple with
157VB O111 Negative Negative Negative Negative  Purple with
169VB Negative Negative O157 Negative Negative  Purple with
170VB Negative  Negative O157 Negative Negative  Purple with
173VB Negative  Negative O157 Negative Positive H-7 Purple with
178VB Negative  Negative O157 Negative Positive H-7 Purple with
186VB Negative  Negative  O157 Negative  Nonspecific 

agglutination 
Purple with

194VB Negative  Negative O157 Negative Negative  Purple with
213VB Negative  Negative O157 Negative Negative  Purple with
214VB Negative  Negative O157 Negative Negative  Purple with
226VB Negative Negative O157 Negative Negative  Purple with
249VB Negative Negative O157 Negative Negative  Purple with

 

*sheen faded after 18 hours 
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3.6 POLYMERASE CHAIN REACTION 

 

3.6.1 Standerization of PCR for Shigalike toxins primers 

 

Shigalike toxin I and shigalike toxin II primers were standardized for both primers 

individually and combined (Fig.37). Primer for Shigalike toxin I standerized at 614 

bp and shigalike toxin II primer amplified product at 779bp. Fifty five strains 

contained genes for both shigalike toxin I and shigalike toxin II. Two strains 

contained only shigalike toxin II and only one strain contained shigalike toxin I 

(Fig.38a-j, Appendix V). 
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3.7 RISK MANAGEMENT 

 

3.7.1 Effect of raw extracts 

 

 Garlic  

Garlic showed highest anti E.coli activity among all plant extracts tested in this 

research against all strains (Fig. 39a, Table 15).Highest zone of inhibition was 

observed against E.coli ATCC8739 (29mm) while least values were recorded for 

Edl 933 (17mm). 

 Ginger 

Raw extract of ginger exhibited remarkable antibacterial activity against five strains 

of E.coli. Largest zones (15mm) were observed on 157VB and ATCC8739. Lower 

results (11mm) were obtained with Edl 933 (Fig.39b). 

 Cinnamon 

Cinnamon was observed with noticeable growth inhibition of E.coli strains with 

18mm diameter of clear zone produced on Petri plates containing ATCC8739 

culture. Lowest values (9mm) were obtained for Edl 933 (Fig.39c). 

 Coriander 

Coriander leaves did not show any considerable activity against any tested strains 

of E.coli 

 Mint 

Highest average value was recorded for ATCC8739 (17.67mm) and minimum 

zone diameter (14.5mm) was observed for 157VB (Fig.39d). 

 Mustard 

Mustard raw extracts showed prominent antibacterial activity (Fig.39e). ATCC8739 

was observed with maximum diameter of zone of inhibition (22mm) produced by 

mustard extract and minimum result (15.5mm) was noted for Edl 933. 

 Black pepper 

Raw extracts of black pepper also showed inhibitory effect on growth of E.coli 

strains examined in this study (Fig.39f). Largest inhibition zone (12mm) was noted 

against ATCC8739 and lower results (9mm) were obtained with Edl 933. 
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Fig. 39a.Effect of raw garlic extract on five different strains of E.coli 

 

 

Fig. 39b. Effect of raw ginger extract on five different strains of E.coli. 
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Fig.39c. Effect of raw cinnamon extract on five different strains of E.coli. 

 

 

 

Fig. 39d. Effect of raw mint extract on five different strains of E.coli. 
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Fig. 39e. Effect of raw mustard extract on five different strains of E.coli. 

 

 

 

Fig.39f. Effect of raw black pepper extract on five different strains of E.coli. 
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Fig.40a. Effect of raw garlic extract on E.coli ATCC 8739. 

 

 

Fig. 40b. Effect of raw garlic extract on 178VB. 
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Fig.40c. Effect of raw ginger on 178 VB. 

 

 

 

 

Fig.40d. Effect of raw extract of cinnamon on E.coli 157VB 
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Fig.40e. Effect of cinnamon raw extract on 178VB 

 

 

 

Fig.40f. Effect of mustard raw extract on 157VB. 
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Fig. 40g. Effect of raw extract of mustard flour on E.coli Edl 933. 

 

 

Fig.40h. Effect of raw black pepper extract on 157VB. 
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3.7.2 Antibacterial activity of prepared extracts 

 

 pH and colour of extracts 

pH values recorded for different extracts showed that minimum pH values were 

observed for coriander extracts and highest were recorded for mustard aquous 

extracts (Table10). Methanolic extracts showed lowest pH for mint extracts (3.22) 

while mustard extracts indicated highest value (6.82). Acetonic extracts exhibited 

pH range of 4.05 (black pepper) - 6.95 (mint extract). A minimum pH value of 4.20 

was found with black pepper water extract and mustard extract (6.80). 

 

Table10 :- Colour and pH values of prepared plant extracts 

 

Solvent Spice Colour pH 

Methanol 

Garlic Yellow Brown 4.36 
Ginger Light Brown 4.38 

Cinnamon Brown 4.27 

Coriander 
Greenish 

Brown 
3.85 

Mustard Dark Brown 6.82 
Mint Dark Green 3.22 

Black Pepper Dark Brown 3.25 

Acetone 

Garlic Light Brown 4.35 
Ginger Light Brown 6.72 

Cinnamon Brown 4.86 
Coriander Light Brown 4.50 

Mustard 
Very Light 

Brown 
6.80 

Mint Light Brown 6.95 
Black Pepper Dark Brown 4.05 

Water 

Garlic Light Brown 5.84 
Ginger Light Brown 5.90 

Cinnamon Brown 4.90 

Coriander 
Yellowish 

Brown 
4.80 

Mustard Light Brown 6.80 
Mint Dark Brown 6.15 

Black Pepper Dark Brown 4.20 
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Solvents extracted plant extracts were effective against different strains of E.coli 

isolates but it could not produce maximum result as compared to raw extracts. 

Coriander and mint methanolic and acetonic extracts did not show any 

antibacterial activity.  

 

a) Methanolic Extracts 

 Garlic 

Garlic methanolic extracts showed antibacterial activity against all E.coli strains 

tested. Maximun zone of inhibition was observed for E.coli ATCC 8739 (10mm) 

and lowest values were recorded for 178VB and Edl 933 (9mm). Lowet 

concentration of garlic methanolic extract did not show any ant E.coli activity 

against 157VB, 178VB and Edl 933. Strain 157VB did not exhibit growth reduction 

at 10mg. 

 

Table 11a: Zones of inhibition produced by methanolic extracts of garlic 

against five strains of E.coli (mm). 

 

E.coli 
Strains 

Garlic concentrations (mg) 
5mg 10mg 20mg 50mg 100mg 

157VB x  X 7.5 8.0 9.5 
173VB 7.5 7.5 8.5 9.0 9.5 

178VB x 7.5 8.0 8.0 9.0 
ATCC8739 7.5 8.0 8.5 9.0 10.0 

Edl 933 x 7.5 8.0 8.5 9.0 
 

 Ginger 

Ginger methanolic extract also showed some anti E.coli activity as no zone of 

inhibition was observed for 178VB at all concentrations used in the experiment. 

Maximum zone diameter was noted for 157VB and minimum zone of inhibition 

was observed Edl 933. Initial concentrations (5mg and 10mg) of ginger methanolic 

extract could not retard growth of ATCC8739 and Edl 933 (Table 11b). 
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Table 11b: Zones of inhibition produced by methanolic extracts of ginger 

against five strains of E.coli (mm). 

 

E.coli 
Strains 

Ginger concentrations (mg) 
5mg 10mg 20mg 50mg 100mg 

157VB 6.0 7.0 8.0 8.5 9.5 
173VB 6.0 7.0 8.0 8.0 9.0 

178VB x  x x x  X

ATCC8739 x  x 7.0 8.0 8.5 

Edl 933 x  x 7.5 7.5 8.0 
 

 

 Cinnamon 

Antibacterial activity of cinnamon showed zones of different diameter. Maximum 

zone diameter was observed against 178VB (11.5mm) and minimum clear zone 

(8mm) was noted for 157VB and Edl 933. First three concentration of cinnamon 

methanolic extract did retard growth of Edl 933 and 157VB while all concentrations 

could inhibit 173VB (Table 11c).  

 

Table 11c: Zones of inhibition produced by methanolic extracts of cinnamon 

against five strains of E.coli (mm). 

 

E.coli 
Strains 

Cinnamon concentrations (mg) 
5mg 10mg 20mg 50mg 100mg 

157VB x  x x 6.0 8.0 

173VB 7.0 7.0 7.0 8.5 8.5 

178VB x  x 7.0 9.0 11.5 

ATTC8739 x  x 8.0 8.5 10.0 

Edl 933 x  x x 7.0 8.0 
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 Coriander 

Methanolic extract of coriander leaves could not show remarkable activity against 

157VB and Edl 933. Very small zones were observed for 173VB, 178VB and 

ATCC8739 at 100mg concentrations. Coriander leaves extracts of 50 mg could 

only retard ATCC8739. Other concentrations 5mg, 10mg, 20mg did not show any 

anti E.coli activity (Table 11d). 

 

Table11d : Zones of inhibition produced by methanolic extracts of cinnamon 

against five strains of E.coli (mm). 

 

E.coli 
Strains 

Coriander concentrations (mg) 
5mg 10mg 20mg 50mg 100mg 

157VB x  x x x  X 

173VB x  x x x  7.0 

178VB x  x x x  7.0 

ATCC8739 x  x x 6.5 7.5 

Edl 933 x  x x x  X

 

 Mint 

Mint methanolic extracts produced small clear zones at 50mg and 100mg strength 

where E.coli did not grow. Edl 933 was not affected by mint extracts at all 

concentrations tested (Table 11e). 
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Table 11e: Zones of inhibition produced by methanolic extracts of mint 

against five strains of E.coli (mm). 

 

E.coli 
Strains 

Mint concentrations (mg) 
5mg 10mg 20mg 50mg 100mg 

157VB x  x x 6.0 7 

173VB x  x x 7.0 7.5 

178VB x  x 6.5 7.0 7.5 

ATCC8739 x  x 7.5 8.0 9 

Edl 933 x  x x x  X

 

 Mustard 

Mustard methanolic extracts could not reduce bacterial growth at 5mg and 

produced no zone at 10mg except against ATCC8739. Maximum zone was 

observed (9.5mm) for ATCC8739 and minimum diameter (7.5mm) was noted for 

178VB (Table 11f). Similar results were obtained for 157VB and Edl 933. 

 

Table 11f: Zones of inhibition produced by methanolic extracts of mustard 

against five strains of E.coli (mm). 

 

E.coli 
Strains 

Mustard concentrations (mg) 
5mg 10mg 20mg 50mg 100mg 

157VB x  x x 8.0 8.5 

173VB x  x 7.5 8.0 8.0 

178VB x  x 6.0 7.0 7.5 

ATCC8739 x  7.0 7.5 8.5 9.5 

Edl 933 x  x 7.5 8.0 8.5 
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 Black pepper 

Black pepper could not inhibit Edl 933 growth at five different concentrations used 

but small zones (8mm) were observed for ATCC8739, 157VB, 173VB and 178VB 

at 100mg concentration (Table 11g).  

 

Table11g: Zones of inhibition produced by methanolic extracts of black 

pepper against five strains of E.coli (mm). 

 

E.coli 
Strains 

Black pepper concentrations (mg) 
5mg 10mg 20mg 50mg 100mg 

157VB x  x 7.0 7.5 8.0 

173VB x  x x 6.0 8.0 

178VB 7.5 7.5 7.5 8.0 8.0 

ATCC8739 7.5 7.5 7.5 8.0 8.0 

Edl 933 x  x x x  X

 

b) ACETONIC EXTRACTS 

 

 Garlic 

Acetonic extracts of garlic could not produce any inhibition zone against 157VB 

and 173VB at five concentrations used for the study. Highest zone was noted for 

ATCC8739 (9mm) and lowest zone (8.0mm) was observed for Edl 933 at highest 

concentration used (Table 12a). 
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Table 12a: Zones of inhibition produced by acetonic extracts of garlic 

against five strains of E.coli (mm). 

 

E.coli 
Strains 

Garlic concentrations (mg) 
5mg 10mg 20mg 50mg 100mg 

157VB x  x x x  X

173VB x  x x x  X

178VB x  0.7 7.5 8.0 8.5 

ATCC8739 x  x 6.0 8.0 9.0 

Edl 933 x  x x x  8.0 

 

 Ginger 

Ginger acetonic extracts did not inhibit 157VB, 173VB and Edl 933 while small 

zone of inhibition (7.5mm) was indicated for 178VB and ATCC 8739. 

 

Table 12b: Zones of inhibition produced by acetonic extracts of ginger 

against five strains of E.coli (mm). 

 

E.coli 
Strains 

Ginger concentrations (mg) 
5mg           10mg 20mg 50mg 100mg

157VB x  x x x  X

173VB x  x x x  X

178VB x  x x x  7.5 

ATCC8739 x  x x 7.0 7.5 

Edl 933 x  x x x  X

 

 Cinnamon 

 

Cinnamon acetonic extracts showed some activity at 100mg with small zones of 

inhibition. Largest zone (9.0mm) was noted for 173VB and smallest zones 

(7.5mm) were observed for 178VB and ATCC8739 (Table).Concentrations of 5mg 
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and 10mg did exhibit bactericidal activity against all strains of E.coli tested. 

Highest concentration (100mg) could retard Edl 933 by producing 8mm clear zone.  

 

Table 12c: Zones of inhibition produced by acetonic extracts of cinnamon 

against five strains of E.coli (mm). 

 

E.coli 
Strains 

Cinnamon concentrations (mg) 
5mg           10mg 20mg 50mg 100mg

157VB x  X 6.0 6.5 8.0

173VB x  X x 8.0 9.0

178VB x  X 7.0 7.5 7.5

ATCC8739 x  X x 7.0 7.5

Edl 933 x  X x x 8.0

 

 

 Coriander  

Acetonic coriander extracts produced 7.5mm inhibition zone against 157VB and 

ATCC8739 at 100mg concentration but all other strains remained unaffected at all 

concentrations studied (Table 12d). 
 

  

Table 12d: Zones of inhibition produced by acetonic extracts of coriander 

against five strains of E.coli (mm). 

 

E.coli 
Strains 

Coriander concentrations (mg) 
5mg 10mg 20mg 50mg 100mg 

157VB x x x x  7.5 

173VB x  x x x  x

178VB x  x x x  x

ATTC8739 x  x x x  7.5 

Edl 933 x  x x x  x 
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 Black pepper 

 

Acetonic extracts of black pepper showed some antibacterial activity against 

157VB,173VB,178VB and ATCC8739 at 50mg and 100mg but could not reduce 

growth of Edl 933 at any concentration tested (Table 12e). 

 

Table12e: Zones of inhibition produced by acetonic extracts of black pepper 

against five strains of E.coli (mm). 

 

E.coli 
Strains 

Black pepper concentrations (mg) 
5mg 10mg 20mg 50mg 100mg 

157VB x x x 8.0 8.5 

173VB x x x 7.0 7.0 

178VB x x x 8.0 8.0 

ATCC8739 x x x 7.5 8.0 

Edl 933 x x x x x 

 

 

c) Water Extracts 

 

 Garlic 

 

Water extracts of garlic showed noticeable inhibitory activity against all strains 

examined in the experiment. Maximum values for zone diameter (22mm) was 

obtained for 157VB while lowest digit (13.5mm) was observed for 178VB. Zone of 

inhibition increased with the rise of concentration (Table 13a). 
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Table13a: Zones of inhibition produced by water extracts of garlic against 

five strains of E.coli (mm). 

 

E.coli 
Strains 

Garlic concentrations (mg) 
5mg 10mg 20mg 50mg 100mg 

157VB 13.0 15.0 18.0 20.0 22 

173VB 12.0 16.0 18.5 19.0 21.0 

178VB x 8.0 10.5 12.5 13.5 

ATCC8739 11.0 12.0 13.0 14.0 15.0 

Edl 933 x  x 11.5 13.5 14.0 

 

 Ginger 

Water extracts of ginger showed antibacterial response for E.coli at 20mg, 50mg 

and 100mg. Highest inhibition zone (9.5mm) was produced on Petri plate 

containing 157VB, 178VB and ATCC8739 and lowest values (8.5mm) were 

recorded for Edl 933 (Table13b). 

 

Table 13b: Zones of inhibition produced by water extracts of ginger against 

five strains of E.coli (mm). 

E.coli 
Strains 

Ginger concentrations (mg) 
5mg 10mg 20mg 50mg 100mg 

157VB x  x 9.0 9.5 9.5 

173VB x  x 8.5 9.0 9.0 

178VB x  x 8.5 9.0 9.5 

ATCC8739 x  x 9.0 9.0 9.5 

Edl 933 x  x 8.0 8.0 8.5 

 

 Cinnamon 

 

Cinnamon water extracts showed non-detectable activity at 5mg and 10mg 

concentrations but produce inhibition zones at 20mg, 50mg and 100mg. Activity of 
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extracts did not increase exponentially and it remained stagnant for 178VB and 

ATCC8739 (10mm) at 50mg and 100mg. Highest zone (11mm) was found for 

157VB and lower values (9mm) were recorded for Edl 933 and 173VB (Table 13c).  

 

Water extract of coriander leaves did not show any bactericidal activity. 

  

Table 13c: Zones of inhibition produced by water extracts of cinnamon 

against five strains of E.coli (mm). 

 

E.coli 
Strains 

Cinnamon concentrations (mg) 
5mg 10mg 20mg 50mg 100mg 

157VB x  x 10.0 10.5 11.0 

173VB x  x 8.5 8.5 9.0 

178VB x  x 9.5 10.0 10.0 

ATCC8739 x  x 9.5 10.0 10.0 

Edl 933 x  x 8.0 8.5 9.0 

 

 

 Mint 

 

Mint water extracts showed negligible activity at 5mg, 10mg and 20mg 

concentrations but produced inhibition zones at 50mg against 173VB and at 

100mg against 157VB, 173VB and ATCC8739.  Mint activity also remained 

stagnant for 173VB and did not increase with increase of concentration. Edl 933 

and 178VB completely remained unaffected by mint water extract (Table 13d).  
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Table 13d: Zones of inhibition produced by water extracts of mint against 

five strains of E.coli (mm). 

 

E.coli 
Strains 

Mint concentrations (mg) 
5mg 10mg 20mg 50mg 100mg 

157VB x x x x 8.5 

173VB x  x x 8.5 8.5 

178VB x  x x x  x

ATCC8739 x  x x x  9.0 

Edl 933 x  x x x  x 

 

 Mustard 

Mustard aqueous extracts exhibited noteworthy antibacterial activity against five 

strains of E.coli tested. Edl 933 did not show inhibition at 5mg and 10mg of 

mustard water extracts. Maximum zone diameter was noted for ATCC8739 

(17mm) and minimum zone (9.5mm) was observed for Edl 933 at highest 

concentration (Table 13e). 

 

Table 13e: Zones of inhibition produced by water extracts of mustard 

against five strains of E.coli (mm). 

 

E.coli 
Strains 

Mustard concentrations (mg) 
5mg 10mg 20mg 50mg 100mg 

157VB 8.0 12.0 14.0 14.5 15.0 

173VB 8.0 8.0 14.0 14.0 14.5 

178VB 8.0 8.0 14.5 15.0 15.5 

ATCC8739 12.0 14.0 16.0 16.5 17.0 

Edl933 x x 9.0 9.0 9.5 
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 Black pepper 

 

Black pepper water extracts showed mild antibacterial activity against tested 

strains. Initial concentration of 5mg and 10mg could not reduce growth of any 

strain. All other strains showed growth retardation at all concentrations studied. 

Largest zone of inhibition was noted for ATCC8739 (10.5mm) while Edl 933 

showed only 8.5mm average diameter of clear zone (Table 13f). 

 

Table 13f: Zones of inhibition produced by water extracts of black pepper 

against five strains of E.coli (mm). 

 

E.coli 
Strains 

Black pepper concentrations (mg) 
5mg 10mg 20mg 50mg 100mg 

157VB x x 9.5 9.5 9.5 

173VB x x 9.0 9.0 9.5 

178VB x x 9.0 9.5 9.5 

ATTC8739 x x 9.5 10.0 10.5 

EDL933 x x 8.0 8.0 8.5 

 

3.8 Antibacterial activity of acetic acid, citric acid and common salt 

 

All three common edible chemicals showed anti-E coli activity and their activity 

increased with the higher concentration of chemicals used (Table 14a-14c). 

 

 Citric acid 

 

Citric acid commonly used as preservative in soft drinks, provided excellent results 

for E.coli risk control. Growth inhibition was observed for all E.coli strains tested. 

Maximum zone of inhibition (20.5mm) was noted for E.coli ATCC8937. Minimum 

zone was produced against Edl 933 strain (18mm). Initial concentrations (0.5% 

and 1.0%) did not show any inhibitory activity against Edl 933. Bcatericidal effect 
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of citric acid increased with the increase of citric acid concentration. Maximum 

inhibition was recorded with highest concentration used for antibacterial therapy 

(Table 14a). 

 

 Acetic acid 

 

Acetic acid applied for E.coli control indicated considerable anti E.coli activity. 

Maximum zones of inhibition were produced by 2.5% concentration of acetic acid. 

E.coli 178VB was strongly affected and a highest zone (17.5mm) was observed 

while minimum zone (12.5mm) was observed for 157VB at 2.5% concentration. 

Initial concentrations of acetic acid showed lower inhibition and with the increase 

of strength of acid, inhibitory effect also increased for each strain. Lowest 

concentration (0.5%) did not produce any zone of inhibition against Edl 933 (Table 

14b). 

 

 Common salt 

 

Common salt reduced bacterial activity when discs loaded with salt were placed 

on E.coli lawn. Initial salt strength (0.5%) did not produce any inhibition zone 

against any E.coli strain tested. Maximum zone was recorded for E.coli ATCC 

8739 and minimum zone was noted for Edl 933 and 173VB at highest 

concentration (2.5%). Inhibition zone of 6mm was noted at 1.0% concentration 

against E.coli ATCC 8739 while no clear zone was observed for other E.coli 

strains (Table14c ).  

 

Comparison between bactericidal activity of citric acid, acetic acid and common 

salt indicate that citric acid exhibited best results against all strains tested (Fig 

42.). Acetic acid and common salt showed almost similar results with exception of 

use of acetic acid against 157VB (12.5mm). 
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Table 14a: Zone of inhibition produced by different concentrations of citric 

acid (mm). 

E.coli 
Strains 

Citric acid concentrations used 
0.5% 1.0% 1.5% 2.0% 2.5% 

157VB 7.5 8.0 8.5 9.0 19.5 
173VB 8.0 8.5 9.0 9.5 20 
178VB 9.0 9.0 9.5 11 23 
ATCC8739 5.5 7.0 8.5 9.5 20.5 
Edl 933 x X 6.0 7.0 18.0 
 

Table 14b: Zone of inhibition produced by different concentrations of acetic 

acid (mm). 

 

E.coli 
Strains 

Acetic acid concentrations used 
0.5% 1.0% 1.5% 2.0% 2.5% 

157VB 6.0 7.5 7.5 11.0 12.5 
173VB 9.0 10.0 12.0 12.5 16.0 
178VB 9.5 10.0 12.5 17.0 17.5 
ATCC8739 7.5 10.0 11.0 11.5 18.0 
Edl 933 x 6.0 13.5 15.5 17.0 
 

Table 14c: Zone of inhibition produced by different concentrations of 

common salt, NaCl (mm). 

 

E.coli 
Strains 

NaCl concentrations used 
0.5% 1.0% 1.5% 2.0% 2.5% 

157VB X X 10.0 14.0 16.5 
173VB X X 10.0 14.0 16.0 
178VB X X 11.0 15.0 16.5 
ATCC8739 X 6.0 8.0 13.5 18.0 
Edl 933 x X 8.0 12.0 16.0 
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Fig 41a. Effect of different acetic acid concentration on Edl 933. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.41b. Effect of different concentrations of sodium chloride on E.coli ATCC 8739. 
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VB=Vegetable bacteria 

 

Fig.42. Comparison between zones of inhibition (mm) produced by citric acid, 

acetic acid and common salt at 2.5% concentration against different strains of 

E.coli. 

 

3.9 Minimum inhibitory concentration (MIC) and Minimum bactericidal 

concentration (MBC) 

 

Garlic raw extract exhibited minimum MIC (3mg/ml) and MBC (6mg/ml) against 

E.coli 173VB (Table 15). Coriander did not exhibit any bactericidal activity. 

Maximum MIC was recorded for mint (20mg/ml). Garlic water extracts also 

showed lowest MIC (5mg) and MBC (10mg/ml). Water extracts of mint and 

coriander did not show any activity. Methanolic extracts of garlic presented 

maximum inhibitory activity at MIC 8mg/ml and MBC 16mg/ml. Acetonic extract of 

garlic showed considerable antibacterial activity (MIC=9mg/ml and 

MBC=18mg/ml). 
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Table 15. Minimum inhibitory concentration (MIC) and Minimum bactericidal 

concentration (MBC) of different extracts. 

 

Spice Raw extracts Water extracts Methanolic 
extracts 

Acetonic 
extracts 

MIC(m
g/ml) 

MBC(m
g/ml) 

MIC(m
g/ml) 

MBC(m
g/ml) 

MIC(m
g/ml) 

MBC(m
g/ml) 

MIC(m
g/ml) 

MBC(m
g/ml) 

Garlic 3 6 5 10 8 16 9 18 
Ginger 6 12 7 14 10 20 11 22 
Cinna
mon 

8 16 9 18 11 22 13 26 

Corian
der 

- - - - - - - - 

Mint 20 - - - 25 - - - 
Musta
rd 

5 10 10 20 9 18 10 20 

Black 
peppe
r 

9 18 15 - 11 22 14 28 
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3.10 Combined effect of antimicrobial agents 

 

A treatment solution was prepared to manage the risk associated with total 

coliforms, faecal coliforms and Escherichia coli. Five ml of each of raw garlic, 

ginger, cinnamon and mustard extract with 5 ml of 2% concentration of acetic acid 

and citric acid was mixed and 1.5% sodium chloride was added. Final volume was 

made upto 100ml (Table 16). Its pH was noted as 2.7. It greatly reduced microbial 

population of Aerobic plate count, total coliforms, faecal coliforms and E.coli. It 

was revealed that E.coli and faecal coliforms not only reduced to zero but total 

coliform count also reduced to less than three (Fig.42).  

    

 

Table 16:Treatment solution made for E.coli eradication. 

 

S.No Extract / Chemical Volume 
1 Garlic extract raw 5ml 
2 Citric acid 2% 5ml 
3 Acetic acid 2% 5ml 
4 Common salt 1.5% 5ml 
5 Ginger extract raw 5ml 
6 Mustard extract raw 5ml 
7 Cinnamon extract raw 5ml 
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Fig. 43. Effect of treatment solution on APC, total coliforms, faecal coliforms and 

E.coli on salad vegetables. 
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DISCUSSION 

5.1 STUDIES ON pH 

During this research work, fresh salad vegetables were collected from markets of 

three major cities of Pakistan. Vegetables perish soon therefore they were 

collected in the morning times. The pH range of the vegetables blended in sterile 

distilled water indicate 4.31 (tomato, Aabpara - 6.6 (lettuce, Ichhra) pH of the 

vegetables. Tomatoes pH was lower than pH of cucumber, lettuce and cabbage. 

Average tomato pH ranged from 4.31 (Aabpara) - 4.82 (Rajabazar). This result is 

similar to the findings of Dobricevic et al. (2005) with minor difference which may 

vary because of different varieties of tomatoes used in the experiment. Lettuce 

ranged from 5.65 (Aabpara) – 6.6 (Ichhra) in pH. This result shows resemblance 

with the findings of Chutichudet et al. (2011) with few exceptions that may occur 

because of difference of age of lettuce leaves. Cabbage analysed for pH values 

indicated that it ranged from 5.6-5.94 while cucumber ranged from 5.09-6.41. This 

result could not be compared with other results as pH values related to blended 

cabbage sample in sterile distilled water was lacking in literature. Average pH of 

cucumber was found to be 5.7 by Barathi et al. (2001). It was noted pH has strong 

influence on microbial count associated with vegetables. Vegetables with high pH 

values harboured more microorganisms as compared to vegetables with low pH 

values. This trend was also found by Weissinger et al. (2000).  

5.2 AEROBIC PLATE COUNT (APC) 

APC results indicated higher counts for aerobic microorganisms. This is similar to 

the outcome of Khiyami et al. (2011) and Pavan da Silva et al. (2007) research. 

Lower counts were associated with tomato of all vegetable markets surveyed while 

more microbes were found on lettuce and cabbage. Tomato contained 5.69 log10 

cfu/ ml aerobic bacteria. This result varies from the findings of Guo et al. 

(2001).The contrast may be due to different survey and environmental conditions 
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of the study area. It was noted that leafy vegetable harboured more 

microorganisms and the count associated with such salads was high. This result is 

in accordance with the findings of Valentin-Bon et al. (2008) where they recorded 

increased count of microorganisms with spinach and lettuce. This result is also 

similar to the recorded results of Aliyu et al. (2005), Okafo et al. (2003) and 

Abdullahi and Abdulkareem (2010) although the count of vegetables found by 

Abdullahi and Abdulkareem (2010) was higher from APC of present study. This 

variation may be due to variation in retailed environment of vegetables surveyed. 

Leafy vegetables have more exposed area on which pathogens from surrounding 

soil get attach, enter and divide in leaf tissue (Rosas et al.,1984) . More risks were 

linked with leafy greens, therefore WHO/FAO (2008) has kept them on top priority 

for food safety measures. Maximum cfu/ ml obtained by them was 7.0 log10 while 

present study showed mean value of 6.6 log10 cfu/ml for lettuce. This difference in 

count may be attributed the difference of type of leafy vegetable, locality, 

environment, contact with pathogenic sources and type of harvesting conditions. 

Cucumber harboured mean count of 6.24 log10 cfu/ml for all markets surveyed. 

This result value is slightly lower than that found by Abdullahi and Abdulkareem 

(2010). The contrast may be due to different conditions of the study. APC showed 

significant difference between Islamabad, Rawalpindi and Lahore for all 

vegetables studied. Aabpara vegetable market, Melody vegetable market and 

Sector G- 9/4 market demonstrated difference in APC for all vegetable types 

tested. Rawalpindi vegetable markets also showed variations in count associated 

with tomato, lettuce, cucumber and cabbage. Lahore vegetable markets exhibited 

variations within a city for fresh produce. Irrigation water supplied to vegetables 

also manages to change the microbial flora of vegetables of different areas (Al-

Lahham et al., 2003; Steele and Odumeru, 2004). Washing of salad vegetables 

with sterile distilled water reduced APC significantly. This result is similar to the 

findings demonstrated by Rajkowski and Fan (2003) and Park et al. (2008) but 
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contradicts results reported by Sapers et al. (2007). This variation may be due to 

use of non sterile water for washing of vegetables by the authors (Sapers et al., 

2007). Interactions of different factors did not produce significant results indicating 

that APC contamination is not influenced by the factors involved. City and market 

interactions for all vegetable types demonstrated significant results. This fact may 

be the result of prevalence of different sanitary conditions in each study and 

different irrigation sources at field level. Human handling also influences bacterial 

contamination. 

5.3 TOTAL COLIFORMS 

Results of total coliforms indicate that all types of salad vegetables tested were 

contaminated with total coliforms. Tomato showed 2.36 log10 (Defence, Lahore) -

3.68 log10 cfu/g (Rajabazar, Rawalpindi). This result resembles to the outcome of 

investigation conducted by Manios et al. (2006). Al-Lahham et al. (2003) also 

found tomato fruit contaminated with total coliforms. Lettuce count for total 

coliforms ranged from 2.83 log10 (Aabpara, Islamabad) – 3.8 log10 cfu/g (Melody, 

Islamabad). These types of figures were also obtained by Johnston et al. (2005). 

These results are supported by findings of Machado et al. (2006) who grew lettuce 

alongwith other salad vegetables and provided soil with animal manure from 

different sources and all samples retained total coliform count above the 

permissible limit. WHO (1979) states that raw vegetable should not contain more 

than 10/g total coliforms. Cabbage was noted with highest total coliform count of 

3.8 log10 cfu/g (Khannapul, Rawalpindi). These findings coincide with that of 

Johnston et al. (2006). They found slightly higher counts (4.5log10 cfu/g) than 

present study total coliform count on fresh vegetables. Slight lower count of total 

coliforms on tomato, lettuce, cabbage and cucumber was obtained by Mukherjee 

et al. (2004).They emphasized role of organic fertilizer as potential pathogenic 

source on salad vegetables. Washing reduced lettuce count to 2.82log10 (Aabpara) 
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- 3.47log10 cfu/g (Melody) and cabbage to zero (Melody, Islamabad). The coliform 

count also reduced significantly on cabbage as illustrated by Yasmeen et al. 

(2008) though the washing agent applied was different from water. Similar results 

were obtained with water when used for studying washing effect on cabbage 

(Ibrahim and Jude-Ojei, 2009). 

5.4 FAECAL COLIFORMS 

Results of faecal coliforms exhibited presence of faecal contamination in all 

samples collected from all vegetable markets of three cities of Pakistan. Tomato, 

lettuce, cabbage and cucumber all contained faecal count. These faecal coliforms 

may have entered through variable sources like faeces, contaminated irrigation 

water, animal wastes used as fertilizer, grazing animals, birds faecal droppings 

and human contact. The high count may also be result of contamination during 

transportation from fields to mandis and from mandis to retail outlets. Machado et 

al. (2006) found faecal count more than 102 cfu/g on lettuce which is similar to 

present study faecal load (maximum values 106). Stine et al. (2005) also 

concluded results indicating microbial load on fresh vegetables that resembled 

current findings. Endley et al. (2003) also detected faecal contamination on 

carrots. Tomato harboured less number of faecal coliforms (0.954-2.044 

log10cfu/g) as compared to lettuce (2.9log10cfu/g , Rajabazar) and cucumber (2.48 

log10cfu/g,  Mall road). Cabbage showed variable results as in some markets like 

Melody (1.312 log10cfu/g) and Sector G-9/ 4 (0.792log10cfu/g) vegetable markets, it 

harboured faecal counts less than count of tomato even. This variation may be 

due to involvement of some additional factors like pesticides residues. Usually 

cabbages and radish are heavily sprayed to control vegetable pests (Akbar et al., 

2010). Heinonen-Tanski et al. (2007) found no enteric pathogens present on 

cucumbers samples. This is contradictory result to present research findings 

where cucumber contained faecal contamination. This difference may be because 
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of human urine application to the soils where cucumber was grown by Heinonen-

Tanski et al. (2007). This finding shows similarity with Xu and Warriner (2005). 

Jensen et al. (2010) found faecal contamination on lettuce.  

5.5 ESCHERICHIA COLI 

The findings related to E.coli presence in fresh produce indicated E.coli presence 

in more than hundred samples analysed from different markets of Islamabad, 

Rawalpindi and Lahore. Melody market contained cabbage that was free from all 

types of E.coli and faecal contamination. This difference may be attributed to the 

fact that Melody cabbages were sanitized properly or outer leaves may have been 

removed to keep them fresh looking. Sector g-9/4 vegetable market Islamabad 

also showed lower counts for cabbage. Although the count was higher in case of 

Rawalpindi and Lahore it did not exceed E.coli count of lettuce. Same results were 

obtained by Mukherjee et al. (2004). This result is similar to the findings of 

Soloman et al. (2003). They found heavy E.coli load on cabbage and lettuce from 

contaminated irrigating water as chief reservoir of faecal contamination. This 

finding is simiar to that of Dufy et al. (2005) and Simeos et al. (2001). They 

reported presence of E.coli in all samples of selected commodities. Present results 

show a contradiction with the findings of Valentin-Bon et al. (2008). They found 

less than 10 MPN E.coli on lettuce. The variation may have developed because of 

different ecological and sanitary condition of two countries. Heavy sprays of 

pesticides may not decline or eliminate faecal contamination (Amoah et al., 2006). 

They noted E.coli presence on fresh produce like lettuce even after pesticides 

sprays. Present result related to lettuce also suggest similarity with the findings of 

Jensen et al. (2010) and Johannessen et al. (2002). All interactions for E.coli count 

indicate non significant different except market within a city that varied 

significantly. This difference may be due to the prevailing diverse conditions of 

Islamabad, Rawalpindi and Lahore and sources of vegetables contamination from 
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different fields. This finding shows resemblance to the results of Adzitey et al. 

(2011). They found variations in different markets count for food of animal origin. It 

was also found that E.coli was more associated with lettuce. This association may 

be due the fact that leafy greens provide more surface area for contamination. E. 

coli count in tomato and cucumber was lower than the values of E. coli 

contamination detected by Bharathi et al. (2008). It is mentioned by Patel et al. 

(2011) that E.coli attaches itself to the cut bruised area of vegetables more rapidly 

as compared to other pathogens. 

Faecal coliforms number in most of samples was equal to the count of E.coli but in 

some cases faecal count was higher than E.coli count. This result is similar to the 

findings reported by Dogan-Halkman et al. (2003). It is also noted that E.coli in 

most cases is used as indicator organisms for sanitary conditions of foods (Ingham 

and Schmidt, 2000; Zeru and Kumie, 2007). 

5.6 BIOCHEMICAL CHARACTERISTICS OF E.COLI 

 

E.coli isolates obtained from cabbage, lettuce, cucumber and tomato indicated two 

different biotypes as mentioned in FAO Manual (1992). All strains were methyl red 

positive except three which were characterized as atypical E.coli and confirmed by 

Gram staining as E.coli. Indole production was noted in most of the isolates of 

each market. This result is similar to data reported by Bueschkens and Stiles 

(1984). All E.coli strains were gas producing. This is similar to the characteristics 

exhibited by Bueschkens and Stiles (1984). Biotype II isolates were found more in 

number in Islamabad (19%) and Lahore (21%). This may be result of E.coli 

isolates from different origin or genetic descendent from Shigella. Shigella cannot 

produce indole.and E.coli isolates might possessed multivariant genetic origin 

(Pupo et al., 2000). Rawalpindi markets indicated high percentage of E. coli 

Biotype I (21%) as compared Biotype II (9%).  
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5.7 GROWTH ON EMB AND SMAC 

 

E. coli produced purple colour colonies of dark centres with or without sheen 

(green shine) when streaked on EMB Petri plates from EC broth. These colonies 

were distinguished from Klebsiella and Enterobacter species by their growth on 

EMB gar (Leininger et al., 2001). Some E.coli strains did not develop sheen and in 

cases colonies lost their sheen after sometime. This result may be due to the fact 

that sheen is pH sensitive and change in acidity of the media (because chemicals 

produced by strains) defines sheen characteristics (Leininger et al., 2001). These 

E. coli O157 isolates did not produce pink colonies on SMaC while all other strains 

produced pink colonies. Nineteen isolates among 250 E.coli cultures developed 

colourless colonies on SMaC after 24 hrs incubation at 35C. Similar results were 

obtained by Fujisawa et al. (2000) and Vetterli (2004). Yokoigawa et al. (1999) 

differentiated pathogenic strains and nonpathogenic strains of O157 on SMaC and 

12.5% soy sauce. SMac is also used with some other ingredients like tellurite to 

scrutinize the pathogenic strain (Fujisawa et al., 2000). 

 

5.8 SEROTYPING 

 

Majority of E.coli isolates could not be serotyped by sera used for serotyping. This 

may be due to the fact that E.coli comprise a diverse group of strains (Stephen et 

al., 2008). Serogroup O157 was detected in 19 isolates of E.coli. Only one isolate 

belonged to serogroup O111. Two islates were E. coli O157:H7 (173VB and 

178VB). This ratio is low as compared to the findings of and contrary to the results 

obtained by Stephen et al. (2008) who did not isolate any O157:H7 strain. This 

contradiction may be due to difference of sampling area and source of bacteria on 



Chapter-4                                                                                                  Discussion 

166 

Risk Assessment and Management of Escherichia coli in Local Vegetable Markets 
 

 

salad vegetables. The H antigen was identified for two O157 strains as H2. Two 

strains  

 

5.9 POLYMERASE CHAIN REACTION 

 

Polymerase chain reaction amplified shigalike toxin genes in 55 E. coli isolates. 

Two strains contained only shigalike toxin I gene and one strain harboured 

shigalike toxin II genes. Fifty two strains contained both type of toxins. Islamabad 

markets contained 34 shigalike toxin producing isolates. Rawalpindi possessed 

less number of E.coli isolates harbouring shigalike toxins genes. Eighteen isolated 

strains from Lahore showed presence of shigalike toxin genes in their genome. 

This number is quite high as compared to studies conducted by Sanchez et al. 

(2010). They found only one isolate of O157 that contained both types of toxins. 

Johnston et al. (2006) also demonstrated contrary results and could not isolate 

O157:H7 from fresh produce. This variation may have existed because of diverse 

genomic characteristics of the isolates and variable ecological risks associated 

with salad vegetables. Higher frequency of shigalike toxins in isolated strains pose 

a very prominent threat to consumers in Pakistan, especially citizens of Islamabad 

and Lahore are more vulnerable to shigalike toxin producing strains.  This is 

awakening situation for health policy makers, growers, consumers and entire food 

industry.  

 

5.10 RISK MANAGEMENT OF E.COLI 

 

Garlic showed highest antibacterial activity against E. coli (29mm) with MIC of 

3mg/ml. This result is similar to many previous studies (Khan et al., 2009; Marsh 

and Arriola, 2009). A difference was noted in zone of inhibition produced by garlic 

crude extract against different strains of E. coli. Sasaki et al. (1999) used fresh 
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garlic powder and studied its antibacterial effect. They found it highly effective 

against pathogenic microorganisms. Water (22mm zone of inhibition) and alcoholic 

extract of garlic (10mm zone of inhibition) was lower in efficiency as compared to 

raw extract. These results are similar to the findings of Onyeagba et al. (2004). 

Garlic showed variable antagonistic activity against tested strains of E.coli. Indu et 

al. (2006) also found considerable activity of garlic extracts against different 

serotypes of E.coli tested and present results are in agreement to their findings. 

Allicin alongwith some other sulpher containing compounds is the probable 

component of extract that renders garlic as antimicrobial agent (Prager-Khoutorsky 

et al., 2007). The varaiation in E.coli vulnerability may be due to the environmental 

and genetic factors of a (Schroeder et al., 2002). Lowering of antibacterial activity 

of garlic with solvent extraction method may be conversion of its active 

compounds to less effective compounds (Lawson and Wang, 1995). 

 

Ginger showed considerable activity against E.coli strains (15mm zone diameter). 

Methanolic, acetonic and water extract of ginger showed lower or negligible 

activity.  Its activity varied between different strains of E. coli. Pathogenic strains 

were more resistant to the antimicrobial ginger extract while non-pathogenic 

strains were sensitive. This conclusion agrees with the results of Indu et al. (2006). 

Khan et al. (2009) also found ginger rhizome as highly antimicrobial in properties. 

  

Cinnamon crude extract showed moderate to high antibacterial efficiency (19mm 

zone of inhibition). This result agrees with findings attained by Prabuseenivasan et 

al. (2006). Zone of inhibition increased with the increase of concentration of 

extract. Its activity reduced against pathogenic strains gradually and also showed 

negligible antibacterial effects when extracted with solvents (methanole, acetone 

and water). Present results show similarity with the findings of Marsh and Arriola 

(2009). The MIC recorded for cinnamon extracts ranged from 8-13mg/ml. This 
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amount is quite high as compared to the findings of Hoque et al. (2008). Cinnamon 

bark may vary in phenolic compounds and hence indicate variability in MICs. 

Cinnamon could reduce growth of E.coli O157:H7 in case of present studies but 

Hoque et al. (2008) found non activation of the pathogenic strain by water and 

alcoholic extracts. This difference may be due the type of strain used and chemical 

composition of the extract prepared. Coriander leaves or cilantro exhibited no or 

negligible activity in all types of extracts tested. This outcome is contradictory to 

the findings of Marsh and Ariola (2009) and similar to the findings of Saeed and 

Tariq (2007). This difference may be due to difference in preparation methods of 

extracts. Raw and water extracts of coriander leaves did not exhibit any anti E.coli 

activity. MICs recorded for cilantro were quite high, therefore MBCs were not 

detected. 

 

Mint leaves are used in making chatnis in Pakistan. These are ground with pestle 

and mortar and served with regular food. Mint activity was not considerably noted 

in present studies. This result is in contrast with the findings of Yadegarinia et al. 

(2006). The difference in results probably be due to mint oil used in the study and 

use of different mint species. Acetinic and methanolic extracts also showed 

negligible activity. 

 

Mustard showed noticeable MIC for E.coli control (5mg/ml) next to that of garlic. 

Mustard flour is used commercially in salads preparation. It has an inhibitory effect 

on microorganisms. Maximum zone diameter produced by mustard extract was 

22mm for non pathogenic strain while least was recorded for pathogenic E.coli 

strain (15.5mm). With increase of concentration, activity of mustard flour enhanced 

gradually. Comparable results were obtained by Rhee et al. (2003). Turgis et al. 

(2009) also found great inhibition by mustard oil. Inhibitory effect of mustard flour 

(seeds) is attributed to the essential oil present in mustard seeds that cause 
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damage to the cell membrane of E.coli O157:H7 and halts ATP normal function. 

Present study indicated raw extract of black pepper inactivated E.coli (12mm zone 

of inhibition) but black pepper extracts did not show microbial inactivation in case 

of experiments conducted by Indu et al. (2006). This contradiction may be 

attributed to the reason that extracts preparation method may be different. All 

other extracts prepared by different solvents did not produced desirable results. 

This loss of efficiency may be due to the conversion of active compounds to non 

active compounds or breakdown of active ingredients. This result is similar to that 

of Ghori and Ahmad (2009).  

 

 

Citric acid showed promising antimicrobial activities against tested strains of E.coli. 

This result is contrary to the findings of Khan et al. (2009) who did not found any 

bactericidal activity of citric acid against E.coli cultures. This conspiracy may be 

due to different genetic makeup of strain used in the study. Acetic acid showed 

remarkable activity (12.5-17.5mm zone diameter) after citric acid. Increased 

concentration of acetic acid increased inhibitory activity of acetic acid against 

different strains of E.coli. This result is very similar to the outcome of Rhee et al. 

(2003). Common salt usage to inactivate E. coli also reduced bacterial activity 

prominently (16-18mm inhibition zone). This result is also parallel to that of Rhee 

et al. (2003).  

 

5.11 DEVELOPMENT OF TREATMENT SOLUTION 

 

Raw plant extracts produced promising results for microbial inactivation as 

compared to plant extracts prepared through solvents. Acetic acid, citric acid and 

common salt which are the routine ingredients of our meals also showed 

considerable activity. Their combination provided a non toxic mixture to manage 
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the risk associated with E.coli. Combined activity of garlic, mustard, citric acid, 

acetic acid, common salt and ginger produced most convincing results as total 

coliforms, faecal coliforms and  E.coli were reduced to negligible quantity. Acidity 

(2.7 pH) of the treatment solution made, may have contributed to antimicrobial 

effect alongwith antibacterial ingredients of garlic, ginger, mustard. Rhee et al., 

(2003) also found enhanced inhibitory effect of composite treatment solution made 

from acetic acid, common salt and mustard flour. Hsieh et al. (2001) prepared a 

composite extract from cinnamon alongwith some other plants and found it more 

stable and effective against pathogenic bacteria. A clean sweep was observed for 

total number of coliforms and other enteric pathogens that may be a part of 

microbial flora of salad vegetables.  
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CONCLUSION 

It was concluded on the basis of present research findings that 

 

 E.coli is highly prevalent in local vegetable markets of three major cities of 

Pakistan. 

 There was lack of proper sanitary conditions in retail outlets.  

 A proper check and balance system was needed. 

 Washing reduced the microbial load on vegetables. 

 High ratio of shigalike toxins genes occurrence in isolates indicate potential 

threats of food poisoning illness.   

 Indigenous raw extracts of spices like garlic, ginger, mustard and cinnamon 

provided best results. 

 Combination of promising plant extracts with non toxic antimicrobial agents 

can prove to be a therapeutic goldmine at household and market level for 

risk management of E.coli associated with on salad vegetables. 

 Treatment solution exhibited complete remedial measure for risk 

management of total coliforms, faecal coliforms and E.coli.   

 

RECOMMENDATIONS 

 

The conclusions drawn from the results propel following recommendations; 

 

 Comprehensive sampling plans should be made and a regular survey of 

vegetable markets should be conducted after three months 

 The faecal coliforms sources should be removed on priority. 

 Cross contamination should be avoided by food handlers, distributors and 

field workers. 
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 Awareness must be created among people both public and political elites. 

 The antibacterial spice extracts must be used and their active ingredients 

must be discovered. 

 Some latest molecular techniques must be used to determine presence of 

pathogenic strains of E.coli. A further research is needed to study 

antibacterial effects of spices against some other strains of pathogenic 

E.coli.  
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APPENDIX-I 

CULTURE MEDIA COMPOSITION 

Luryl sulphate tryptose Broth 

                          

    
  
    
  
     
    
 
 

Final pH 6.8 ± 0.2 
 

Brilliant Green Bile Lactose Broth 

Chemicals     g/l 
Enzymatic Digest of Gelatin 10 g 
Lactose 10 g 
Oxbile 20 g 
Brilliant Green 0.0133 g 

 

Final pH: 7.2 ± 0.2 at 25°C 

 
Escherichia coli Broth 

 
Chemicals g/l 
Peptone from casein 20.0 
lactose 5.0 
bile salt mixture 1.5 
sodium chloride 5.0 
di-potassium hydrogen phosphate 4.0 
potassium dihydrogen phosphate 1.5 

 
  
 
 
     
    
 
 
 

Chemicals (g/l) 
Tryptose: 20.0 
Lactose : 5.0 
Sodium chloride : 5.0 
Dipotassium phosphate : 2.75 
Potassium dihydrogen phosphate : 2.75 
Sodium dodecyl sulfate : 0.1 
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Eosine Methylene Blue Agar 

 

Chemicals g/l 
Enzymatic Digest of Gelatin    10 g 
Lactose 10 g 
Dipotassium Phosphate 02 g 
Eosin Y 0.4 g 
Methylene Blue 0.065 g 
Agar 15 g 

       
 

Final pH: 7.10±.2 at 25°C 
 

Nutrient  Broth 

 

Chemicals g/l 
Casein enzymic hydrolysate 5.000 g 
Yeast extract Yeast extract 2.500 g 
Dextrose 1.000 g 
Agar 15.000 g 

 
Final pH (25°C)= 7.00+.2 

 
Tryptone broth 

 
Chemicals g/l 
Casein enzymic hydrolysate 10.000 g 
Sodium chloride 5.00 g 

 
 

Final pH ( at 25°C) 7.5±0.2 
 

MR-VP Medium 
 

Chemicals g/l 
Buffered peptone                                           7.000 g 
 Dextrose      5.00 g 
Dipotassium phosphate 5.000 g 

 
Final pH ( at 25°C) 6.9±0.2 
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Koser Citrate Broth 
 

Chemicals g/l 
Sodium Ammonium Phosphate     1.50 g 
Monopotassium Phosphate                           1.00 g 
Magnesium Sulphate           0.20 g 
Sodium Citrate 3.00 g 

 
Final pH (at 25°C) 6.7 ±0.2 

 
 

Tryptic Soy Broth 
 

Chemicals g/l 
Enzymatic Digest of Casein 17.0 g 
Enzymatic Digest of Soybean Meal 3.0 g 
Sodium Chloride 5.0 g 
Dipotassium Phosphate 2.5 g 
Dextrose  2.5 g 

 
Final pH: 7.3 ± 0.2 at 25°C 

 
Nutrient Broth 

 
Chemicals g/l 
Enzymatic Digest of Gelatin 5.00 g 
Beef Extract 3.00 g 

 
Final pH: 6.8 ± 0.2 at 25°C 

 
 
 

MacConkey Agar 
 

Chemicals g/l 
Pancreatic Digest of Gelatin 17.0 g 
Lactose monohydrate 10.0 g 
Sodium chloride 5.0 g 
Peptones (meat and casein)                          3.0 g 
Bile salts 1.5 g 
Neutral red 0.03 g 
Crystal violet 0.001 g     
Bacteriological agar 13.5   g      

 
Final pH: 6.8 ± 0.2 at 25 
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APPENDIX-II (A) 
 
Sources of E.coli isolates (Melody) Islamabad 

 
 

S.NO E.coli 
Isolates 

Smple Code Dilution Vegetable Type Growth on EMB Growth on 
SMaC 

1 1VB FMS33a 10-1 Tomato Purple with sheen Pink 

2 2VB FMS96a 10-3  Tomato Purple with sheen Colourless 

3 3VB FMS96b 10-2 Tomato Purple without sheen Pink 

4 4VB FMS96c 10-1 Tomato Purple with sheen Pink 

5 5VB FMS96a 10-1 Tomato Purple with sheen Pink 

6 6VB FMS38b 10-1 Lettuce Purple with sheen Pink 

7 7VB FMS38a 10-3 Lettuce Purple with sheen Pink 

8 8VB FMS38c 10-2 Lettuce Purple with sheen Pink 

9 9VB FMS38a 10-2 Lettuce Purple with sheen Pink 

10 10VB FMS38c 10-1 Lettuce Purple without sheen Pink 

11 11VB FMS38a 10-3 Lettuce Purple with sheen Pink 

12 12VB FMS386 10-2 Lettuce Purple with sheen Colourless 

13 13VB FMS96a 10-1 Tomato Purple with sheen Pink 

14 14VB FMS96a 10-2 Tomato Purple with sheen Pink 
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S.NO E.coli 
Isolates 

Smple Code Dilution Vegetable Type Growth on EMB Growth on 
SMaC 

15 15VB FMS96c 10-3 Tomato Purple with sheen Pink 

16 16VB FMS97a 10-1 Cucumber Purple with sheen Pink 

17 17VB FMS97a 10-3 Cucumber Purple with sheen Pink 

18 18VB FMS97b 10-2 Cucumber Purple without sheen Pink 

19 19VB FMS97b 10-1 Cucumber Purple with sheen Pink 

20 20VB FMS97c 10-1 Cucumber Purple with sheen Colourless 

21 21VB FMS97c 10-2 Cucumber Purple with sheen Pink 
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APPENDIX-II (B) 
Sources of E.coli isolates (Aabpara) Islamabad 

 
S.NO E.coli Isolates Sample 

Code 
Dilution Vegetable Type Growth on EMS Growth on 

SM 
1 22VB FMS22a 10-1 Lettuce Purple with sheen Pink 

2 23VB FMS72a 10-2 Lettuce Purple with sheen Pink 

3 24VB FMSb 10-1 Lettuce Purple with sheen Pink 

4 25VB FMS72b 10-2 Lettuce Purple with sheen Pink 

5 26VB FMS72c 10-1 Lettuce Purple with sheen Pink 

6 27VB FMS72c 10-2 Lettuce Purple with sheen Pink 

7 28VB FMS72c 10-3 Lettuce Purple without sheen Pink 

8 29VB FMS72c 10-3 Lettuce Purple with sheen Pink 

9 30VB FMS72c 10-4 Lettuce Purple with sheen Pink 

10 31VB FMS95a 10-1 Tomato Purple with sheen Colourless 

11 32VB FMS95a 10-2 Tomato Purple with sheen Pink 

12 33VB FMS95b 10-1 Tomato Purple with sheen Pink 

13 34VB FMS95b 10-2 Tomato Purple with sheen Pink 
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S.NO E.coli Isolates Sample 
Code 

Dilution Vegetable Type Growth on EMS Growth on 
SM 

14 35VB FMS95c 10-1 Tomato Purple with sheen Pink 

15 3.6VB FMS95c 10-2 Tomato Purple with sheen Pink 

16 37VB FMS95c 10-1 Tomato Purple with sheen Pink 

17 38VB FMS101a 10-1 Cucumber Purple without sheen Pink 

18 39VB FMS101a 10-2 Cucumber Purple with sheen Pink 

19 40VB FMS101b 10-1 Cucumber Purple with sheen Pink 

20 41VB FMS101b 10-2 Cucumber Purple with sheen Pink 

21 42VB FMS101c 10-1 Cucumber Purple with sheen Pink 

22 43VB FMS101a 10-2 Cucumber Purple without sheen Colourless 

23 44VB FMS107a 10-1 Cabbage Purple with sheen Pink 

24 45VB FMS107a 10-2 Cabbage Purple with sheen Pink 

25 46VB FMSc107b 10-1 Cabbage Purple with sheen Pink 

26 47VB FMS107b 10-2 Cabbage Purple with sheen Pink 

27 48VB FMS107c 10-1 Cabbage Purple with sheen Pink 

28 49VB FMS107c 10-2 Cabbage Purple with sheen Pink 
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S.NO E.coli Isolates Sample 
Code 

Dilution Vegetable Type Growth on EMS Growth on 
SM 

29 50VB FMS107c 10-3 Cabbage Purple with sheen Pink 

 

APPENDIX-II (C) 

Sources of E.coli isolates  (G-9/4) Islamabad 

S.NO E.coli Isolates Sample Code Dilution Vegetable Type Growth on EMS Growth on SM 

1 51VB FMS82a 10-1(1) Lettuce Purple with sheen Pink 

2 52VB FMS82a 10-3(3) Lettuce Purple with sheen Pink 

3 53VB FMS82a 10-3(3) Lettuce Purple with sheen Pink 

4 54VB FMS82a 10-1(2) Lettuce Purple with sheen Pink 

5 55VB FMS82b 10-1(1) Lettuce Purple with sheen Pink 

6 56VB FMS82b 10-1(2) Lettuce Purple with sheen Pink 

7 57VB FMS82b 10-1(3) Lettuce Purple with sheen Pink 

8 58VB FMS82b 10-2(1) Lettuce Purple with sheen Pink 

9 59VB FMS82b 10-2(3) Lettuce Purple with sheen Pink 

10 60VB FMS82b 10-3(1) Lettuce Purple with sheen Pink 

11 61VB FMS82b 10-3(2) Lettuce Purple with sheen Pink 
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S.NO E.coli Isolates Sample Code Dilution Vegetable Type Growth on EMS Growth on SM 

12 62VB FMS82c 10-1(1) Lettuce Purple with sheen Pink 

13 63VB FMS82c 10-1(2) Lettuce Purple with sheen Pink 

14 64VB FMS82c 10-2(1) Lettuce Purple with sheen Pink 

15 65VB FMS82c 10-3(1) Lettuce Purple with sheen Pink 

16 66VB FMS82c 10-3(3) Lettuce Purple with sheen Pink 

17 67VB FMS102a 10-1(1) Tomato Purple with sheen Pink 

18 68VB FMS102a 10-1(2) Tomato Purple with sheen Pink 

19 69VB FMS102a 10-1(3) Tomato Purple with sheen Pink 

20 70VB FMS102b 10-2(1) Tomato Purple with sheen Pink 

21 71VB FMS102c 10-1(1) Tomato Purple with sheen Pink 

22 72VB FMS102c 10-1(2) Tomato Purple with sheen Pink 

23 73VB FMS102c 10-2(1) Tomato Purple with sheen Pink 

24 74VB FMS103a 10-1(2) Cucumber  Purple with sheen Pink 

25 75VB FMS103b 10-2(2) Cucumber  Purple with sheen Pink 

26 76VB FMS103c 10-2(2) Cucumber  Purple with sheen Pink 
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S.NO E.coli Isolates Sample Code Dilution Vegetable Type Growth on EMS Growth on SM 

27 77VB FMS103a 10-2(1) Cucumber  Purple with sheen Pink 

28 78VB FMS103b 10-2(1) Cucumber  Purple with sheen Pink 

29 79VB FMS284a 10-1(1) Cucumber  Purple with sheen Pink 

30 80VB FMS284a 10-1(3) Cucumber  Purple with sheen Pink 

31 81VB FMS284a 10-2(1) Cucumber  Purple with sheen Pink 

32 82VB FMS284b 10-1(1) Cucumber  Purple with sheen Pink 

33 83VB FMS284b 10-1(2) Cucumber  Purple with sheen Pink 

34 84VB FMS284c 10-1(1) Cucumber  Purple with sheen Pink 
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APPENDIX-III (A) 

Sources of E.coli isolates (Khanapul) Rawalpindi  

S.NO E.coli Isolates Sample Code Dilution Vegetable Type Growth on EMS Growth on SM 

1 85VB FM105a 10-1(3) Tomato Purple without sheen Pink 

2 86VB FM105a 10-2(1) Tomato Purple with sheen Pink 

3 87VB FMS105b 10-1(2) Tomato Purple with sheen Pink 

4 88VB FMS105b 10-2(1) Tomato Purple with sheen Pink 

5 89VB FMS105b 10-1(2) Tomato Purple without sheen Colourless 

6 90VB FMS105c 10-1(1) Tomato Purple with sheen Pink 

7 91VB FMS106a 10-1(1) Cucumber Purple with sheen Pink 

8 92VB FMS106a 10-1(3) Cucumber Purple without sheen Colourless 

9 93VB FMS106b 10-1(1) Cucumber Purple with sheen Pink 

10 94VB FMS106b 10-1(2) Cucumber Purple with sheen Pink 

11 95VB FMS106b 10-2(1) Cucumber Purple with sheen Pink 

12 96VB FMS106c 10-1(1) Cucumber Purple with sheen Pink 

13 97VB FMS106c 10-1(2) Cucumber Purple with sheen Pink 
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S.NO E.coli Isolates Sample Code Dilution Vegetable Type Growth on EMS Growth on SM 

14 98VB FMS106c 10-2(2) Cucumber Purple with sheen Pink 

15 99VB FMS106c 10-2(2) Cucumber Purple with sheen Pink 

16 100VB FMS282a 10-1(1) Lettuce Purple with sheen Pink 

17 101VB FMS282a 10-1(2) Lettuce Purple with sheen Colourless 

18 102VB FMS282a 10-2(1) Lettuce Purple with sheen Pink 

19 103VB FMS282a 10-2(2) Lettuce Purple with sheen Pink 

20 104VB FMS282b 10-1(1) Lettuce Purple with sheen Pink 

21 105VB FMS282b 10-1(2) Lettuce Purple with sheen Pink 

22 106VB FMS282b 10-2(1) Lettuce Purple with sheen Pink 

23 107VB FMS282b 10-2(2) Lettuce Purple with sheen Pink 

24 108VB FMS282c 10-1(1) Lettuce Purple with sheen Pink 

25 109VB FMS282c 10-1(2) Lettuce Purple with sheen Pink 

26 110VB FMS282c 10-2(1) Lettuce Purple with sheen Pink 
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APPENDIX-III (B) 

Sources of E.coli isolates (Rajabazar) Rawalpindi 

S.NO E.coli Isolates Sample Code Dilution Vegetable Type Growth on EMB Growth on 
SMaC 

1 111VB FMS202a 10-1(1) Cucumber Purple with sheen Pink 

2 112VB FMS202a 10-1(2) Cucumber Purple with sheen Colourless 

3 113VB FMS202a 10-2(1) Cucumber Purple without 
sheen 

Pink 

4 114VB FMS202b 10-1(1) Cucumber Purple with sheen Pink 

5 115VB FMS202b 10-1(2) Cucumber Purple with sheen Pink 

6 116VB FMS202c 10-1(1) Cucumber Purple with sheen Pink 

7 117VB FMS202c 10-1(2) Cucumber Purple with sheen Pink 

8 118VB FMS202c 10-2(1) Cucumber Purple without 
sheen 

Pink 

9 119VB FMS209a 10-1(1) Tomato Purple with sheen Pink 

10 120VB FMS209a 10-2(2) Tomato Purple with sheen Pink 

11 121VB FMS209a 10-2(1) Tomato Purple with sheen Pink 

12 122VB FMS209b 10-1(1) Tomato Purple with sheen Pink 

13 123VB FMS209b 10-1(2) Tomato Purple with sheen Pink 
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S.NO E.coli Isolates Sample Code Dilution Vegetable Type Growth on EMB Growth on 
SMaC 

14 124VB FMS209b 10-2(1) Tomato Purple with sheen Pink 

15 125VB FMS209c 10-1(1) Tomato Purple with sheen Pink 

16 126VB FMS209c 10-1(2) Tomato Purple with sheen Pink 

17 127VB FMS209c 10-2(1) Tomato Purple with sheen Pink 

18 128VB FMS216a 10-1(1) Cabbage Purple with sheen Pink 

19 129VB FMS216a 10-1(2) Cabbage Purple with sheen Pink 

20 130VB FMS216a 10-1(2) Cabbage Purple with sheen Pink 

21 131VB FMS216b 10-1(1) Cabbage Purple with sheen Pink 

22 132VB FMS216b 10-2(1) Cabbage Purple with sheen Pink 

23 133VB FMS216b 10-1(1) Cabbage Purple without 
sheen 

Pink 

24 134VB FMS217a 10-1(1) Lettuce Purple with sheen Pink 

25 135VB FMS217a 10-1(2) Lettuce Purple with sheen Pink 

26 136VB FMS217b 10-1(1) Lettuce Purple with sheen Pink 

27 137VB FMS217c 10-1(1) Lettuce Purple with sheen Pink 

28 138VB FMS217c 10-2(1) Lettuce Purple with sheen Pink 
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APPENDIX –III (C) 

Sources of E.coli isolates (Chungi 22) Rawalpindi 

 

S.NO E.coli Isolates Sample Code Dilution Vegetable Type Growth on EMS Growth on SM 

1 139VB FMS258a 10-1(1) Tomato Purple with sheen Pink 

2 140VB FMS258a 10-1(2) Tomato Purple with sheen Pink 

3 141VB FMS258a 10-2(1) Tomato Purple with sheen Pink 

4 142VB FMS258b 10-1(1) Tomato Purple with sheen Pink 

5 143VB FMS258c 10-1(1) Tomato Purple with sheen Pink 

6 144VB FMS265a 10-1(1) Cabbage Purple with sheen Pink 

7 145VB FMS265a 10-1(2) Cabbage Purple with sheen Pink 

8 146VB FMS265b 10-1(1) Cabbage Purple with sheen Pink 

9 147VB FMS265 10-2(2) Cabbage Purple without 
sheen 

Pink 

10 148VB FMS265c 10-1(1) Cabbage Purple with sheen Pink 

11 149VB FMS265c 10-2(2) Cabbage Purple with sheen Pink 
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S.NO E.coli Isolates Sample Code Dilution Vegetable Type Growth on EMS Growth on SM 

12 150VB FMS277a 10-1(1) Cucumber Purple with sheen Pink 

13 151VB FMS277a 10-2(1) Cucumber Purple with sheen Pink 

14 152VB FMS277a 10-2(2) Cucumber Purple with sheen Pink 

15 153VB FMS277b 10-1(1) Cucumber Purple with sheen Pink 

16 154VB FMS277b 10-2(2) Cucumber Purple with sheen Pink 

17 155VB FMS277c 10-1(1) Cucumber Purple with sheen Pink 

18 156VB FMS277c 10-1(2) Cucumber Purple without 
sheen 

Pink 

19 157VB FMS277c 10-1(1) Cucumber Purple with sheen Pink 

20 158VB FMS283a 10-1(1) Lettuce Purple with sheen Pink 

21 159VB FMS283a 10-1(2) Lettuce Purple with sheen Pink 

22 160VB FMS283a 10-2(1) Lettuce Purple with sheen Pink 

23 161VB FMS283b 10-1(1) Lettuce Purple with sheen Pink 

24 162VB FMS283b 10-2(1) Lettuce Purple with sheen Pink 
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APPENDIX –IV (A) 

Sources of E.coli isolates Lahore (Ichhra) 

 

S.NO E.coli Isolates Sample Code Dilution Vegetable Type Growth on EMB Growth on 
SMaC 

1 163VB FMS292a 10-1(1) Lettuce Purple with sheen Pink 

2 164VB FMS292a 10-1(2) Lettuce Purple with sheen Pink 

3 165VB FMS292a 10-1(3) Lettuce Purple without 
sheen 

Pink 

4 166VB FMS292a 10-2(3) Lettuce Purple with sheen Pink 

5 167VB FMS292a 10-2(2) Lettuce Purple with sheen Pink 

6 168VB FMS292b 10-1(1) Lettuce Purple with sheen Pink 

7 169VB FMS292b 10-2(2) Lettuce Purple with sheen Colourless 

8 170VB FMS292b 10-1(2) Lettuce Purple with sheen Colourless 

9 171VB FMS292b 10-2(3) Lettuce Purple with sheen Pink 

10 172VB FMS292c 10-1(1) Lettuce Purple with sheen Pink 

11 173VB FMS292c 10-1(2) Lettuce Purple with sheen Colourless 

12 174VB FMS292c 10-2(2) Lettuce Purple with sheen Pink 
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S.NO E.coli Isolates Sample Code Dilution Vegetable Type Growth on EMB Growth on 
SMaC 

13 175VB FMS293a 10-1(1) Cabbage Purple with sheen Pink 

14 176VB FMS293a 10-1(2) Cabbage Purple without 
sheen 

Pink 

15 177VB FMS293a 10-1(3) Cabbage Purple with sheen Pink 

16 178VB FMS243a 10-2(1) Cabbage Purple with sheen Colourless 

17 179VB FMS293a 10-2(2) Cabbage Purple with sheen Pink 

18 180VB FMS293b 10-1(1) Cabbage Purple without 
sheen 

Pink 

19 181VB FMS293b 10-1(2) Cabbage Purple with sheen Pink 

20 182VB FMS293c 10-1(1) Cabbage Purple with sheen Pink 

21 183VB FMS293c 10-1(2) Cabbage Purple without 
sheen 

Pink 

22 184VB FMS293c 10-1(3) Cabbage Purple with sheen Pink 

23 185VB FMS293c 10-2(1) Cabbage Purple with sheen Pink 

24 186VB FMS293c 10-2(2) Cabbage Purple with sheen Colourless 

25 187VB FMS293c 10-2(3) Cabbage Purple with sheen Pink 

26 188VB FMS294a 10-1(1) Cabbage Purple with sheen Pink 

27 189VB FMS294a 10-1(2) Cabbage Purple with sheen Pink 
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S.NO E.coli Isolates Sample Code Dilution Vegetable Type Growth on EMB Growth on 
SMaC 

28 190VB FMS294a 10-1(3) Cabbage Purple with sheen Pink 

29 191VB FMS294b 10-1(1) Cabbage Purple with sheen Pink 

30 192VB FMS294b 10-2(1) Cabbage Purple with sheen Pink 

31 193VB FMS292c 10-1(1) Cabbage Purple without 
sheen 

Pink 

32 194VB FMS294c 10-1(2) Cabbage Purple with sheen Colourless 

33 195VB FMS292c 10-2(2) Cabbage Purple with sheen Pink 

34 196VB FMS295 10-1(1) Tomato Purple with sheen Pink 

35 197VB FMS295a 10-1(2) Tomato Tomato Tomato 
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APPENDIX –IV (B) 

Sources of E.coli isolates Lahore Defence 

 

S.NO E.coli Isolates Sample Code Dilution Vegetable Type Growth on EMB Growth on 
SMaC 

1 198VB FMS296a 10-1(1) Lettuce Purple with sheen Pink 

2 199VB FMS296a 10-1(2) Lettuce Purple with sheen Pink 

3 200VB FMS296a 10-1(3) Lettuce Purple with sheen Pink 

4 201VB FMS296a 10-2(1) Lettuce Purple with sheen Pink 

5 202VB FMS296a 10-2(2) Lettuce Purple with sheen Pink 

6 203VB FMS296a 10-2(3) Lettuce Purple with sheen Pink 

7 204VB FMS296b 10-1(1) Lettuce Purple with sheen Pink 

8 205VB FMS296b 10-1(2) Lettuce Purple with sheen Pink 

9 206VB FMS296b 10-2(1) Lettuce Purple without 
sheen 

Pink 

10 207VB FMS296c 10-1(1) Lettuce Purple with sheen Pink 

11 208VB FMS297a 10-2(1) Cabbage Purple with sheen Pink 

12 209VB FMS297b 10-1(1) Cabbage Purple without 
sheen 

Pink 

13 210VB FMS297c 10-1(1) Cabbage Purple with sheen Pink 
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S.NO E.coli Isolates Sample Code Dilution Vegetable Type Growth on EMB Growth on 
SMaC 

14 211VB FMS298a 10-1(2) Cucumber Purple with sheen Pink 

15 212VB FMS298b 10-1(3) Cucumber Purple with sheen Pink 

16 213VB FMS298a 10-1(3) Cucumber Purple without 
sheen 

Colourless 

17 214VB FMS298b 10-2(2) Cucumber Purple with sheen Colourless 

18 215VB FMS298b 10-1(2) Cucumber Purple with sheen Pink 

19 216VB FMS299a 10-1(1) Tomato Purple with sheen Pink 

20 217VB FMS299a 10-2(1) Tomato Purple without 
sheen 

Pink 

21 218VB FMS299b 10-1(3) Tomato Purple without 
sheen 

Pink 

22 219VB FMS299b 10-2(1) Tomato Purple with sheen Pink 

23 220VB FMS299b 10-2(2) Tomato Purple with sheen Pink 

24 221VB FMS299c 10-1(1) Tomato Purple with sheen Pink 
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APPENDIX –IV (C) 

Sources of E.coli isolates Lahore Mall Road 

 

S.NO E.coli Isolates Sample Code Dilution Vegetable Type Growth on EMB Growth on SMaC 

1 222VB FMS300a 10-1(1) Lettuce Purple with sheen Pink 

2 223VB FMS300a 10-1(2) Lettuce Purple without 
sheen 

Pink 

3 224VB FMS300a 10-2(1) Lettuce Purple with sheen Pink 

4 225VB FMS300b 10-1(1) Lettuce Purple with sheen Pink 

5 226VB FMS300b 10-2(1) Lettuce Purple with sheen Colourless 

6 227VB FMS301a 10-1(1) Cabbage Purple without 
sheen 

Pink 

7 228VB FMS302a 10-2(1) Cabbage Purple with sheen Pink 

8 229VB FMS301b 10-1(1) Cabbage Purple with sheen Pink 

9 230VB FMS301c 10-2(1) Cabbage Purple without 
sheen 

Pink 

10 231VB FMS302 10-1(1) Tomato Purple with sheen Pink 

11 232VB FMS302a 10-1(2) Tomato Purple with sheen Pink 
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S.NO E.coli Isolates Sample Code Dilution Vegetable Type Growth on EMB Growth on SMaC 

12 233VB FMS302a 10-2(1) Tomato Purple with sheen Pink 

13 234VB FMS302a 10-2(1) Tomato Purple with sheen Pink 

14 235VB FMS302b 10-1(1) Tomato Purple with sheen Pink 

15 236VB FMS302b 10-1(2) Tomato Purple without 
sheen 

Pink 

16 237VB FMS302b 10-2(1) Tomato Purple with sheen Pink 

17 238VB FMS302b 10-2(2) Tomato Purple with sheen Pink 

18 239VB FMS302c 10-1(1) Tomato Purple with sheen Pink 

19 240VB FMS302c 10-1(2) Tomato Purple without 
sheen 

Pink 

20 241VB FMS302c 10-2(1) Tomato Purple with sheen Pink 

21 242VB FMS303a 10-1(1) Cucumber Purple with sheen Pink 

22 243VB FMS303a 10-2(2) Cucumber Purple with sheen Pink 

23 244VB FMS303a 10-1(3) Cucumber Purple with sheen Pink 

24 245VB FMS303b 10-1(1) Cucumber Purple with sheen Pink 

25 246VB FMS303b 10-2(1) Cucumber Purple with sheen Pink 

26 247VB FMS303b 10-2(2) Cucumber Purple with sheen Pink 
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S.NO E.coli Isolates Sample Code Dilution Vegetable Type Growth on EMB Growth on SMaC 

27 248VB FMS303c 10-1(1) Cucumber Purple without 
sheen 

Pink 

28 249VB FMS303c 10-1(2) Cucumber Purple with sheen Colourless 

29 250VB FM303c 10-2(1) Cucumber Purple with sheen Pink 
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APPENDIX-V (A):  Paired T test and p values of comparison between Total 
coliforms of Unwashed and Washed salad vegetables. 

 

S.No. Vegetable T value P value Market City 
1 Cabbage 28.8 0.0012 Melody Islamabad 
2 Tomato 9.69 0.0006 Melody Islamabad 
3 Lettuce 0.105 0.105 Melody Islamabad 
4 Cucumber 2.17 0.0438 Melody Islamabad 
5 Cabbage 2.23 0.1620 Aabpara Islamabad 
6 Tomato 9.36 0.0112 Aabpara Islamabad 
7 Lettuce 2.23 0.1553 Aabpara Islamabad 
8 Cucumber 28.84 0.012 Aabpara Islamabad 
9 Cabbage 5.62 0.0303 G-9/4 Islamabad 
10 Tomato 2.96 0.0977 G-9/4 Islamabad 
11 Lettuce 5.62 0.0303 G-9/4 Islamabad 
12 Cucumber 11.64 0.0073 G-9/4 Islamabad 
13 Cabbage 2.80 0.1072 Khannapul Rawalpindi 
14 Tomato 15.59 0.0041 Khannapul Rawalpindi 
15 Lettuce 9.79 0.103 Khannapul Rawalpindi 
16 Cucumber 6.94 0.021 Khannapul Rawalpindi 
17 Cabbage 3.06 0.0122 Chungi 22 Rawalpindi 
18 Tomato 5.36 0.0303 Chungi 22 Rawalpindi 
19 Lettuce 2.99 0.096 Chungi 22 Rawalpindi 
20 Cucumber 1.95 0.1901 Chungi 22 Rawalpindi 
21 Cabbage 3.06 0.0922 Rajabazar Rawalpindi 
22 Tomato 5.36 0.0303 Rajabazar Rawalpindi 
23 Lettuce 2.99 0.0303 Rajabazar Rawalpindi 
24 Cucumber 1.95 0.0369 Rajabazar Rawalpindi 
25 Cabbage 5.62 0.0303 Ichhra Lahore 
26 Tomato 5.62 0.0303 Ichhra Lahore 
27 Lettuce 7.43 0.0176 Ichhra Lahore 
28 Cucumber 5.72 0.0292 Ichhra Lahore 
29 Cabbage 28.84 0.0012 Defence Lahore 
30 Tomato 5.94 0.0272 Defence Lahore 
31 Lettuce 8.79 0.0127 Defence Lahore 
32 Cucumber 8.33 0.0141 Defence Lahore 
33 Cabbage 3.46 0.0742 Mall Road Lahore 
34 Tomato 50.11 0.0004 Mall Road Lahore 
35 Lettuce 4.62 0.0438 Mall Road Lahore 
36 Cucumber 4.94 0.0387 Mall Road Lahore 
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APPENDIX-V (B):  Paired T test and p values of comparison between Faecal 
coliforms of Unwashed and Washed salad vegetables. 

 

S.No. Vegetable T value P value Market City 
1 Cabbage 5.36 0.0331 Melody Islamabad 
2 Lettuce 4.62 0.0438 Melody Islamabad 
3 Tomato 3.49 0.0733 Melody Islamabad 
4 Cucumber 1.32 0.3166 Melody Islamabad 
5 Cabbage 2.54 0.2669 Aabpara Islamabad 
6 Lettuce 1.52 0.1260 Aabpara Islamabad 
7 Tomato 1.82 0.2097 Aabpara Islamabad 
8 Cucumber 3.65 0.0676 Aabpara Islamabad 
9 Cabbage 2.00 0.1835 G-9/4 Islamabad 
10 Lettuce 4.26 0.0510 G-9/4 Islamabad 
11 Tomato 1.61 0.2487 G-9/4 Islamabad 
12 Cucumber 1.97 0.1871 G-9/4 Islamabad 
13 Cabbage 1.00 0.4226 Khannapul Rawalpindi 
14 Lettuce 10.81 0.0084 Khannapul Rawalpindi 
15 Tomato 7.53 0.0172 Khannapul Rawalpindi 
16 Cucumber 2.94 0.0990 Khannapul Rawalpindi 
17 Cabbage 4.53 0.033 Chungi 22 Rawalpindi 
18 Lettuce 5.44 0.0608 Chungi 22 Rawalpindi 
19 Tomato 5.66 0.0138 Chungi 22 Rawalpindi 
20 Cucumber 1.90 0.1835 Chungi 22 Rawalpindi 
21 Cabbage 17.26 0.0454 Rajabazar Rawalpindi 
22 Lettuce 3.87 0.0321 Rajabazar Rawalpindi 
23 Tomato 8.41 0.0299 Rajabazar Rawalpindi 
24 Cucumber 2.00 0.1973 Rajabazar Rawalpindi 
25 Cabbage 6.29 0.0244 Ichhra Lahore 
26 Lettuce 1.62 0.2464 Ichhra Lahore 
27 Tomato 2.65 0.1174 Ichhra Lahore 
28 Cucumber 1.82 0.2104 Ichhra Lahore 
29 Cabbage 5.38 0.0329 Defence Lahore 
30 Lettuce 14.54 0.0047 Defence Lahore 
31 Tomato 3.20 0.0854 Defence Lahore 
32 Cucumber 7.61 0.0168 Defence Lahore 
33 Cabbage 24.51 0.017 Mall Road Lahore 
34 Lettuce 1.00 0.4226 Mall Road Lahore 
35 Tomato 8.22 0.0145 Mall Road Lahore 
36 Cucumber 2.57 0.1242 Mall Road Lahore 
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APPENDIX-V (C):  Paired T test and p values of comparison between Escherichia 
coli of Unwashed and Washed salad vegetables. 

 

S.No. Vegetable T value P value Market City 
1 Cabbage 2.00 0.1835 Melody Islamabad 
2 Lettuce 4.62 0.0438 Melody Islamabad 
3 Tomato 3.50 0.0730 Melody Islamabad 
4 Cucumber 2.14 0.1656 Melody Islamabad 
5 Cabbage 2.54 0.1260 Aabpara Islamabad 
6 Lettuce 1.52 0.2669 Aabpara Islamabad 
7 Tomato 1.82 0.2669 Aabpara Islamabad 
8 Cucumber 3.65 0.2097 Aabpara Islamabad 
9 Cabbage 2.00 0.1835 G-9/4 Islamabad 
10 Lettuce 4.26 0.0510 G-9/4 Islamabad 
11 Tomato 3.97 0.0580 G-9/4 Islamabad 
12 Cucumber 3.97 0.0580 G-9/4 Islamabad 
13 Cabbage 1.00 0.4226 Khannapul Rawalpindi 
14 Lettuce 1.00 0.4226 Khannapul Rawalpindi 
15 Tomato 6.22 0.0249 Khannapul Rawalpindi 
16 Cucumber 2.94 0.0990 Khannapul Rawalpindi 
17 Cabbage 4.53 0.0037 Chungi 22 Rawalpindi 
18 Lettuce 5.57 0.1835 Chungi 22 Rawalpindi 
19 Tomato 4.61 0.0008 Chungi 22 Rawalpindi 
20 Cucumber 2.27 0.4226 Chungi 22 Rawalpindi 
21 Cabbage 16.35 0.0454 Rajabazar Rawalpindi 
22 Lettuce 2.00 0.0307 Rajabazar Rawalpindi 
23 Tomato 34.28 0.0439 Rajabazar Rawalpindi 
24 Cucumber 1.00 0.1517 Rajabazar Rawalpindi 
25 Cabbage 6.29 0.0244 Ichhra Lahore 
26 Lettuce 1.62 0.2464 Ichhra Lahore 
27 Tomato 2.65 0.1174 Ichhra Lahore 
28 Cucumber 1.98 0.1868 Ichhra Lahore 
29 Cabbage 5.66 0.299 Defence Lahore 
30 Lettuce 14.54 0.0047 Defence Lahore 
31 Tomato 3.20 0.0854 Defence Lahore 
32 Cucumber 7.11 0.0192 Defence Lahore 
33 Cabbage 1.00 0.0422 Mall Road Lahore 
34 Lettuce 1.00 0.4226 Mall Road Lahore 
35 Tomato 6.89 0.0204 Mall Road Lahore 
36 Cucumber 2.57 0.1242 Mall Road Lahore 
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APPENDIX-VII 

Table: Presence of Shigalike Toxins in E.coli isolates Islamabad 

E.coli 
Isolate 

Source  Market Toxin Type 
Stx 1 Stx 2 

9 VB Tomato Melody + + 
10VB Tomato Melody + + 
11 VB Tomato Melody + + 
12 VB Tomato Melody + + 
13 VB Tomato Melody + + 
14 VB  Tomato Melody + + 
15 VB  Tomato Melody + + 
17 VB Cucumber Melody + + 
43VB Cabbage Aabpara + + 
44 VB Cabbage Aabpara + + 
46 VB Cabbage Aabpara + + 
47 VB Cabbage Aabpara + + 
49 VB Cabbage Aabpara + + 
69 VB Tomato Sector G-9/4 + + 
74 VB Tomato Sector G-9/4 + + 
76 VB Cucumber Sector G-9/4 + + 

 

 

 

APPENDIX-VIII 

Presence of Shigalike Toxins in E.coli isolates, Rawalpindi 

E.coli 
Isolate 

Source  Market Toxin Type 
Stx 1 Stx 2 

91 VB Cucumber Khannapul + - 
94 VB Cucumber Khannapul + + 
97 VB Cucumber Khannapul + + 
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APPENDIX-IX 

Presence of ShigalikeToxins in E.coli isolates, Lahore 

E.coli 
Isolate 

Source  Market Toxin Type 
Stx 1 Stx 2 

173 VB Lettuce Ichhra + + 
175 VB Cabbage Ichhra + + 
176 VB Cabbage Ichhra + + 
178 VB Cabbage Ichhra + + 
179 VB Cabbage Ichhra + + 
180 VB Cabbage Ichhra + + 
181 VB Cabbage Ichhra + + 
182 VB Cabbage Ichhra + + 
184 VB Cabbage Ichhra + + 
185VB Cabbage Ichhra + + 
186 VB Cabbage Ichhra + + 
187 VB Tomato Ichhra + + 
197 VB Lettuce Defence + + 
198 VB Lettuce Defence + + 
199 VB Lettuce Defence - + 
200 VB Lettuce Defence + - 
201 VB Lettuce Defence + + 
203 VB Lettuce Defence + + 
204 VB Lettuce Defence + + 
206 VB Lettuce Defence + + 
207 VB Lettuce Defence + + 
208 VB Cabbage Defence + + 
209 VB Cabbage Defence + + 
210 VB Cucumber Defence + + 
213 VB Cucumber Defence + + 
216 VB Tomato Defence + + 
217 VB Tomato Defence + + 
244 VB Cucumber Mall Road + + 
245 VB Cucumber Mall Road + + 
246 VB Cucumber Mall Road + + 
247 VB Cucumber Mall Road + + 
248 VB Cucumber Mall Road + + 
249 VB Cucumber Mall Road + + 
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