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CHAPTER 2: REVIEW OF LITERATURE 

 

2.1. Disease burden due to unsafe water 

 Water has been recognized as a key determinant of health and as an important 

vector of transmission for many of the most widespread and debilitating diseases that 

afflict humanity (Reiff et. al., 1996). Waterborne diseases were estimated to cause 1.8 

million deaths each year while about 1.1 billion people lacked proper drinking water 

(CDCP, 2006). Each year, 4 million people die from water, sanitation, and hygiene-

related causes of which nearly all deaths (99%), occur in the developing world 

(WHO, 2008b). Almost 90% of the deaths due to diarrhoeal diseases are children 

under 5 years old, mostly in developing countries (UN, 2009) caused by the lower 

levels of access to safe drinking water and sanitation, along with poorer overall 

health, hygiene, and nutritional status (WHO, 2008c). 

 Contaminated and polluted water acts as an important route of transmission 

for various water borne diseases (Payment, 1997; WHO-SEARO, 2010) as they 

harbour a number of pathogens such as bacteria, viruses and protozoa (Chan et. al., 

2007; Omezuruike et. al., 2008; Patra et. al., 2010; Figueras and Borrego, 2010; 

Kumbhar et. al., 2014; Sunday et. al., 2014; Geetha et. al., 2014). Water related 

diseases caused by such pathogens can be identified into four distinct groups 

(Cairncross and Feachem, 1993). They are:  

1. Waterborne diseases where the pathogen is ingested along with drinking water 

2. Water-washed diseases where person to person transmission occurs due to lack of 

water for hygiene 

3. Diseases with water-based transmission caused by aquatic invertebrate host e.g. 

Schistosomiasis 

4. Diseases with water-related insect vectors which breed in or near to water e.g. malaria 

 Waterborne and water-washed diseases are both affected by water supply 

conditions, the former being more closely linked to water quality and the latter to 

quantity as well as constancy of water supply whereas, diseases with water-based 

transmission and water-related insect vectors are related to environmental water 

conditions (Cairncross and Valdmanis, 2006). Mortality caused by water associated 

diseases exceeds 5 million people per year (WHO, 2004b). Of these, infectious 

diarrhoeal diseases such as cholera, salmonellosis, shigellosis, amoebiasis, other 
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bacterial, protozoal and viral intestinal diseases are the most common waterborne and 

water-washed disease (Pruss-Ustin et. al., 2004); mostly in developing countries 

primarily in Asia and Africa with children particularly under 5 years of age being the 

most vulnerable (Seas, 2000; Fenwick, 2006; WHO, 2008b). Among the 15 most hit 

countries, India and Nigeria have been identified as the most affected countries with 

infectious diarrhoea (Boschi-Pinto et. al., 2008). 

 In India, more than 70% of the epidemic emergencies are either water-borne 

or water related (Khera et. al., 1996). The reason being that a major chunk of the 

population in the country have a lack of access to safe drinking water with around 66 

million people still relying on unsafe groundwater consumption (Sawhney, 2006). 

During 2003-2004 alone, a total of 12 outbreaks of gastroenteritis associated with 

untreated freshwater venues were reported; 11 of these outbreaks involved lakes, and 

one involved a reservoir (Lavender, 2008). 

 In the state of West Bengal alone, 20-27 lakhs of water borne diseases like 

cholera, diarrhoea and enteric fever are reported each year and occurrence of enteric 

fever becoming virulent and attack rates being doubled between 2008 and 2010 

(WBSAPCC, 2012). 

 From these, more that 50% are microbial intestinal infections, with cholera 

standing out in the first place (Cabral, 2010). Half a million children fewer than five 

still die in India due to water-borne diseases (UNICEF, 2000). 

 Consequent to the realization of the potential health hazards that may result 

from contaminated drinking water, contamination of drinking water from any source 

is therefore of primary importance because of the danger and risk of water borne 

diseases (Fapetu, 2000; Edema et. al., 2001). Free from contamination with faecal 

matter is the most important parameter of water quality because human faecal matter 

is generally considered to be a greater risk to human health as it is more likely to 

contain human enteric pathogens (Scott et. al., 2003). Further, an inestimable 

pathogenic bacteria constitute the microflora of effluents discharged from different 

activities, quantifying different groups of pathogenic bacteria into water bodies. 

Information on occurrence, abundance and distribution of potent human pathogens 

such as Vibrio cholerae (causing cholera in humans), Vibrio parahaemolyticus 

(gastroenteritis), Salmonella and Shigella sp. (typhoid fever; food poisoning), 

Streptococcus sp. (meningitis and skin infections), Pseudomonas aeruginosa 

(pulmonary and lungs infections) and Aeromonas (septicaemic conditions) in aquatic 
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environments may prove useful in public health management (Kumarasamy et. al., 

2009). Additional contaminants include protozoan oocysts such as Cryptosporidium 

sp., Giardia lamblia, Legionella, and enteric viruses (Ferguson et. al., 2003; EPA, 

2010). 

 

Table 2.1. The main bacterial diseases transmitted through drinking water 

Source: (Cabral, 2010) 

 

2.2. Water safety standards 

 Drinking water quality assessments include quantitative assessments of a 

number of physical, biological and chemical parameters, which are measured against 

the various standards that have been established and revised at both national and 

international levels (WHO, 1993, 2008a, 2011; NDWQS, 2006; USEPA, 2012). 

These established standards act as references as safe drinking water of acceptable 

quality in terms of health and disease hazards for the consumers. India also has 

established its own National standard on drinking water quality (ICMR, 1963; CPCB, 

2009; BIS 10500:1991-2011) (Table 2.2). 

 

Waterborne disease Causal organism 

Cholera Vibrio cholerae, serovarieties O1 and O139 

Gastroenteritis caused by 

vibrios   
Mainly Vibrio parahaemolyticus 

Typhoid fever and other 

serious  salmonellosis 

Salmonella enterica sub sp. enterica serovar 

Salmonella enterica sub sp. enterica serovar 

Bacillary dysentery or 

shigellosis 
Shigella dysenteriae, S. flexneri, S boydii, S. sonnei  

Acute diarrhoea and 

gastroenteritis 

Escherichia coli particularly serotypes such as 

O148, O 157 and O124 
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Table 2.2. Different standards for maximum concentration limits for drinking water 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 = Bureau of Indian Standards (2011); 2 = United States Environment Protection Agencies (2012); 3 - European Union (1998) 

4 = World Health Organizations (2011); a Levels are the minimum to the maximum; TCU= True Color Units;  

                          NTU=Nephelomertic Turbidity Units; CFU=Colony-Forming Unit.

Maximum Concentration Limit  

Parameters 

 

Unit BIS
1
 USEPA

2
 EU Standard

3
 WHO Standard

4
 

Colour TCU 5-15a 15 Not mentioned Not mentioned 

pH  6.5-8.5
 a
 6.5-8.5

a
 No guideline No guideline 

Turbidity NTU 1-5
 a
  Not mentioned Not mentioned 

Total dissolved 

Solids 
mgL-1 500-2000 a 500 No guideline No guideline 

Electrical 

Conductance 
µScm

-1
   250 Not mentioned 

NO3-N mgL-1 45 10 50 50.0 for total nitrogen 

NH3-N mgL
-1

 0.5  0.5 No guideline 

SO4
2- mgL-1 200-500 a 250 250 500.0 

Al mgL
-1

 0.03-0.2
 a
 0.05-0.2 0.2 0.2 

As mgL
-1

 0.01 0.01 0.01 0.01 

Ca mgL-1 75-200 a    

Cd mgL
-1

 0.003 0.005 0.005 0.003 

Cl- mgL-1 250-1000 a 250 250 250 

Cu mgL
-1

 0.05-1.5
 a
 1 2 2 

Cr mgL
-1

 0.05 0.1  0.05 

F mgL-1 1.0-1.5 a 4 1.5 1.5 

Fe mgL
-1

 0.3 0.3 0.2 No guideline 

Pb mgL-1 0.01  0.01 0.01 

Mn mgL
-1

 0.1-0.3
 a
 0.005 0.05 0.05 

Zn mgL
-1

 5-15
 a
 5  3 

E.coli  bacteria CFU per100 ml 0  0 0 

Total Coliform 

bacteria 
CFU per100 ml   0 0 
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2.3. Microbiological indicators of water pollution 

 Indicator microorganisms are those organisms which need not be pathogenic 

but their presence in water indicates the faecal contamination of water along with the 

probable presence of other waterborne pathogens (Pipes, 1981; Hodegkiss, 1988). 

They are known to found abundantly in wastes with human contributions where 

pathogenic organisms, are likely to exist (Noble et. al., 2003). A good bacterial 

indicator of faecal pollution should fulfill the following criteria (Grabow, 1996; 

Gauthier and Archibald, 2001; George and Servais, 2002; Medema et. al., 2003; 

WHO, 2008a):  

(1) Exist in high numbers in the human intestine and faeces  

(2) Not be pathogenic to humans  

(3) Easily, reliably and cheaply detectable in environmental waters. Additionally, the 

following requisites should be met if possible  

(4) Does not multiply outside the enteric environment  

(5) Should exist in greater numbers than eventual pathogenic bacteria  

(6) Should have a similar die-off behavior as the pathogens  

(7) Human faecal pollution is to be separated from animal pollution; the indicator 

should not be very common in the intestine of farm and domestic animals. 

 Faecal pollution of drinking water may introduce a variety of intestinal 

pathogens such as salmonellas, shigellas, enteroviruses and multicellular parasites as 

well as opportunistic pathogens like Pseudomonas aeroginosa, Klebsiella, Vibrio 

parahaemolyticus and Aeromonas hydrophila (Hodegkiss, 1988) which may cause 

diseases from mild gastroenteritis to severe and sometimes fatal dysentery, diarrhoea, 

cholera, typhoid, hepatitis, giardiasis etc. (Crown, 1986; Wanda, 2006). Generally, a 

higher level of indicator bacteria implies higher level of faecal contamination and 

greater risk of waterborne diseases (Pipes, 1981; WHO, 1983). 

 Because of the seriousness of the diseases caused by water borne-bacteria and 

the increasingly growing importance of water in human life, accurate and reliable 

methods for detecting faecal pollution are needed to reduce its occurrence and take 

legal measures (Kishinhi et. al., 2013). Frequent assessment of faecal indicator 

bacteria levels is recommended to ensure better understanding of microbial water 

quality and prevent human exposure to pathogenic bacteria. Faecal coliforms, 

enterococci, total coliforms, and Escherichia coli, faecal Streptococci have 

traditionally been used as microbial faecal indicators in water (Harwood et. al., 2001; 
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Pathak and Gopal, 2001; Kistemann et. al., 2002; Balleste et. al., 2010; Sinigalliano 

et. al., 2010). The use of faecal indicators not only helps in the estimation of the 

microbiological quality of drinking water but also reduces the complexity and cost of 

a direct analysis of pathogens (Astrom, 2011). However, WHO (2008a) recommends 

that specific criteria should be followed when determining and using faecal indicator 

organisms. 

 Traditionally, indicator microorganisms have been used to suggest the 

presence of pathogens (Berg, 1978). Coliform bacteria are used as indicators for water 

quality (Ashbolt et. al., 2001). Presence of indicator bacteria in water bodies as a sign 

of faecal contamination suggests the potential danger of health risk (Baghel et. al., 

2005). Microbial pathogens in drinking water are primary cause of gastrointestinal 

and waterborne diarrhoeal diseases. The higher the level of indicator bacteria, the 

higher the level of faecal contamination and the greater will be the risks of water 

borne diseases (Pipes, 1981). 

 The presence of faecal coliforms like E. coli serves as an indication of 

contamination by sewage. Many workers like Grabow (1996) and Jagals (2000) have 

reported E. coli as more reliable indicator of faecal pollution than faecal coliforms 

because: 

• It is the only faecal coliform bacteria of true faecal origin 

• It is present in large numbers (approximate depending on the animal source) in the 

faeces of warm-blooded animals 

• It survives longer than some bacterial pathogens, yet is resistant to regrowth outside 

of the host under typical environmental conditions, and 

• It can be detected and quantified simply and affordably (Gleeson and Gray, 1997; 

Edberg et. al., 2000; Leclerc et. al., 2001; Vasudevan et. al., 2003). E. coli can now 

reliably be detected in a single- step procedure (Jagals, 2000). 

 Although, traditionally, faecal pollution indicator microorganisms have been 

used to estimate the presence of pathogens in drinking water (Berg, 1978) there is no 

direct correlation between the numbers of any indicator and enteric pathogens 

(Grabow, 1996) because the presence of indicators does not necessarily imply the 

presence of other pathogens (Ashbolt et. al., 2001). This presents an ambiguity in the 

term ‘microbial indicator’. Therefore, to eliminate the ambiguity in the term, the 

following three groups are now recognized (WHO, 2001): 
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1. General (process) microbial indicators: These form a group of organisms the presence 

of which generally indicates the faecal contamination, such as total heterotrophic 

bacteria or total coliforms. They are typically described as opportunistic pathogens 

(Hambsch and Wener, 1993). HPC level in drinking water should not exceed 500 

organisms/ml. Numbers above this limit generally signal a deterioration of water 

quality in distribution systems (Bitton, 2005a).  

2. Faecal indicators (such as E. coli): A group of organisms that indicates the presence 

of faecal contamination, such as the bacterial groups thermotolerant coliforms or E. 

coli.  

3. Index organisms and model organisms: A group/or species indicative of pathogen 

presence and behavior respectively, such as E. coli as an index for Salmonella and F-

RNA coli phages as models of human enteric viruses. 

 These indicator microorganisms i.e., total coliforms, faecal coliform and 

faecal streptococci have been used as models for the potential presence of pathogenic 

microorganisms in water samples (Patra et. al., 2009). For example, E. coli have been 

linked to the presence of pathogens caused by faecal contamination (Lavender, 2008).  

 Traditional tests for total and faecal coliforms are carried out either by the 

multiple-tube fermentation technique or by filtration through membrane. The 

detection of β-D-glucuronidase activity (at 44.5°C) is, generally considered a good 

marker for faecal coliforms in environmental polluted waters and very specific for E. 

coli (Manafi et. al., 1991; Nelis and Van Poucke, 2000; Van Poucke and Nelis, 2000; 

Byamukama et. al., 2000; Farnleitner, 2001; George et. al., 2000, 2001; Rompre et. 

al., 2002; Ramamurthy et. al., 2003; Eccles, 2004; Cabral and Marques, 2006). 

Besides these methods, pour plate and spread plate methods together with bright field 

microscopic count field procedure can also be adopted for microbiological 

quantification. (Idakwo and Abu, 2004). 

 

2.4. Identification of microbiological polluting sources 

 Water sources have been identified as natural habitat for pathogenic E. coli 

strains that possess virulence factors that could cause gastrointestinal diseases. 

(Kuhnert et. al., 2000; Muller et. al., 2001; Obi et. al., 2004a; Ahmed et. al., 2007). 

 Diarrhoeagenic E. coli (DEC) which include enteroinvasive E. coli (EIEC), 

enteroaggregative E. coli (EAEC), enterohaemorrhagic E. coli (EHEC), 
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enteropathogenic E. coli (EPEC) and enterotoxigenic E. coli (ETEC) are among the 

major bacterial causes of diarrhoea in the world (Vilchez et. al.,2009). 

 Rise of antimicrobial resistant species of the Enterobacteriaceae family in 

aquatic, animal and human environments, especially in E. coli to multiple antibiotics 

is a major concern both in developed and developing countries (Ajamaluddin et. al., 

2000; Chandran et. al., 2008, Jan et. al., 2009). Many investigations world over have 

revealed the occurrence of multiple antibiotic resistant (MAR) (Edge and Hill, 2005; 

Shehabi et. al., 2006; Ozgumus et. al., 2007; Ram et. al., 2007, 2008, 2009; Pathak 

and Gopal, 2008; Kinge et. al., 2010; Yin et. al., 2013) and multiple drug resistant 

(MDR) (Patoli et. al., 2010; Alzahrani and Gherbawy, 2011) E. coli in different 

sources of drinking water. It has been reported that pathogenic isolates of E. coli have 

relatively high potential for developing resistance (Karlowsky et. al., 2004). Amongst 

the enteric pathogens, E. coli is observed to show increasing resistance, especially to 

first line, broad spectrum antibiotic, such as Ampicillin and others (Jan et. al., 2009). 

 The MAR pathogens might lead to increased morbidity and mortality rates (Li 

and Zhang, 2013).Therefore identification of major polluting source(s) is vitally 

important in order to implement appropriate mitigation strategies to minimize faecal 

pollution and consequent public health risks (Ahmed et. al., 2008). Furthermore, the 

situation is worsening due to the evolution of multi-resistant antibiotic plasmid genes. 

Extended Spectrum B-lactmases (ESBLs) are plasmid mediated and these enzyme 

producing organisms exhibit co resistance to many other classes of antibiotics giving 

rise to multiple drug resistant (MDR) strains. 

 Various microbial source tracking (MST) techniques have been developed or 

are under development to distinguish different sources of animal and/or human faecal 

pollution (Field and Samadpour, 2007; Stoeckel and Harwood, 2007). The most 

commonly used methods for MST includes antibiotic resistance analysis (ARA) 

(Harwood et. al., 2000; Moore et. al., 2005; Bitton, 2005b; Ahmed et. al., 2008) and 

multiple antibiotic resistant (MAR) indexing for determining the source of faecal 

contamination (Wiggins et. al., 1999; Scott et. al., 2002; Tambekar et. al., 2008). 

ARA uses the antibiotic resistance patterns of the microbial isolates as fingerprints for 

distinguishing human from animal sources whereas the MAR patterns reflect the 

selective pressures imposed on the gastrointestinal flora of humans and animals 

during antibiotic use (Guan et. al., 2002). The MAR test has been reported to be 

capable of identifying the source of faecal contamination in water and distinguishing 
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between E. coli strains from specific point sources (Parveen et. al., 1997; Harwood et. 

al., 2000). Antibiotic substances are never fully metabolized in humans or other 

animals, which means that small amounts are regularly excreted and can enter water 

streams directly or indirectly via faecal pollution, agricultural run-off or through 

discharge from wastewater treatment plants (Lupo et. al., 2012; Li and Zhang, 2013). 

The concentrations are usually at sub-inhibitory levels, which contribute to the 

development and spread of antibiotic resistance properties among environmental 

bacteria and if human pathogens acquire resistance to antibiotics, a serious situation 

can arise which, at the very least, can result in increased disease treatment costs 

(Lamprecht et. al., 2014).  

 Although conventional antimicrobial susceptibility testing methods are useful 

methods for detecting resistance profiles, they are insensitive tools for tracing the 

sources of spread of individual strains within a region (Celebi et. al., 2007). Therefore 

molecular characterization of microorganisms is frequently used by physicians, 

microbiologists, and epidemiologists because they provide more sensitive, faster, and 

easier tools than conventional microbiological methods of diagnosis (Relman et. al., 

1992; 1999) and provide evidence of genetic relatedness as an aid in the 

epidemiological investigation of infectious diseases (Sader et. al., 1995). 

Determination of genetic relatedness of organisms may be needed during an outbreak 

in which a cluster of infections caused by organisms of the same species showing 

similar antimicrobial resistance profiles and in order to determine clonal spread within 

a microenvironment, and to determine the source of infection (Sader et. al., 1993; 

Celebi et. al., 2007).  

 The application of molecular analyses such as a whole cell protein analysis 

and plasmid analysis has provided many useful markers that distinguish the epidemic 

clone of a particular pathogen and helped in the identification of specific vehicles of 

infection during infectious disease outbreaks (Waschmut et. al., 1991; Celebi, et. al., 

2007). Moreover such analysis provides for fast and reliable identification of bacterial 

strains (Shi et. al., 1996; McClure, 2000). 

 Usually polyacrylamide gel electrophoresis (PAGE) is used for separating 

proteins in the presence of a detergent under (heat) denaturing and (non- or) reducing 

conditions. The most commonly used detergent is sodium dodecyl sulfate (SDS) 

(Arndt et. al., 2012). SDS-PAGE allows for the qualitative and (semi) quantitative 

analysis of (covalent) aggregates and fragments. Moreover, electrophoresis of 



 

 

15 

proteins can also be performed in the absence of SDS using such “native” conditions. 

Native PAGE, however, can provide information about non covalent aggregation, 

since electrophoresis is performed in the absence of denaturing agents. In native gels, 

proteins generally retain their native conformation and their mobility is governed by 

the ratio of electric charge to hydrodynamic size (BRDS, 2016). Alternative 

approaches such as plasmid analysis is also used for differentiation among bacterial 

strains (Wallia et. al., 1988; Tanner et. al., 1996) and is one of the fast and reliable 

techniques for identification of bacterial strains (Shi et. al., 1996; McClure, 2000).  

 

2.5. Medicinal plants as antimicrobial agents  

 The increasing global emergence of MDR bacterial strains limiting the 

effectiveness of current antibiotics and drugs (Hancock, 2005; Nawaz et. al., 2009; 

Alim et. al., 2009) and exhaustion of microbial sources for production of newer 

antimicrobial substances (Sharma, 2005) has led the researchers to focus on plants 

and plant derived products (Benkeblia, 2004) for combating microbial diseases. These 

factors coupled with the advantages such as fewer side effects, better patient 

tolerance, acceptance by people and being renewable in nature provide scope for 

plants to be used as medicines and accordingly plants have long been investigated as 

the potential sources of new antimicrobial agents (Djeussi et. al., 2013).  

 Use of plants and plant parts in traditional medicine  has been in practice since 

time immemorial (Wanzala et. al., 2005) and despite the progresses in modern 

medicine, it has been reported that more than 70% of the developing world’s 

population still depends on complementary and alternative systems of medicine also  

known as traditional medicine (Rahmatullah et. al., 2009). According to WHO, 80% 

of the world’s population is dependent on the traditional medicine (Kumar and 

Nagarajan, 2012). The medicinal value of traditional plants lies in some active 

chemical substances that produce a definite physiological action on the human body. 

Phytochemical studies have shown that plants with antimicrobial activity contain 

bioactive constituents (Edeoga et. al., 2005; Latha and Kannabiran, 2006; Masola et. 

al., 2009; Nibret et. al., 2009), the mechanism of action of few is given in Table 2.3. 

 

 

 



 

 

16 

 

Table 2.3. Mechanism of antibacterial activity of few phytochemical compounds 

Phytochemical 

compound 
Mechanism of action 

Glycosides 
Serve as defense mechanisms against predation by many 

microorganisms, insects and herbivores (Dhar et. al., 1979). 

Alkaloids 

These are formed as metabolic byproducts and have been reported to 

be responsible for the antibacterial activity (Mantle et. al., 2000). In 

micro-organisms, for example, alkaloids act as feeding deterrents 

(Iannoe et. al., 2012), allelochemicals, autoinducers and siderophores 

(Heeb et. al., 2011). 

Flavonoids 

Their activity is probably due to their ability to complex with 

extracellular and soluble proteins and to complex with bacterial cell 

walls (Cowan, 1999; Marjorie, 1999).  

Steroids 

Steroids have been reported to have antibacterial properties, the 

correlation between membrane lipids and sensitivity for steroidal 

compound indicates the mechanism in which steroids specifically 

associate with membrane lipid and exerts its action by causing leakages 

from liposomes (Raquel et. al., 2007). Antidiarrhoeal activity is caused 

by increasing colonic water and electrolyte reabsorption (Palombo, 

2006). 

Tannins 

Antibacterial property of tannins may be due to its ability to bind to 

proline rich proteins and interfere with the protein synthesis (Shimada 

et. al., 2006) and antidiarrhoeal activity by increasing colonic water 

and electrolyte reabsorption (Palombo, 2006). Thus their mode of 

action may be related to their ability to inactivate several enzymes, 

microbial adhesions and cell envelope transport proteins (Alan and 

Miller, 1999). 

Saponin 

Antimicrobial property of saponin is due to its ability to cause leakage 

of proteins and certain enzymes from the cell (Zablotowicz et. al., 

1996). 

Triterpenes 
Have antispasmodic activities, as well as aid in the reabsorption of 

water in the intestine (Offiah et. al., 1996; Begum et. al., 2002). 
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Table  2.4. Plants with antibacterial activities (Dubreuil, 2013) 

Plant Scientific name Specific compound Target Mechanism Reference 

Bean Vicia faba ? ETEC Inhibits LT binding to GM1 
Becker et. al., 2012; Van 

der Meulen et. al., 2010. 

Black tea Camellia sinensis Catechins ETEC ? Bruins et. al., 2011 

Cocoa Theobroma cacao Flavonoids ETEC Inhibits CFTR Schuier et. al., 2005 

Fenugreek 
Trigonella 

foenumgraecum 
Galactomannans ETEC 

Inhibits LT and CT binding to 

GM1 

Becker et. al., 2010 

 

Ginger Zingiber officinale Zingerone and zingerol ETEC  Inhibits LTB binding to GM1 
Chen et. al., 2007 

 

Green tea Camellia sinensis 
(−) (Epigallocatechin-3-

gallate), gallotanins 
ETEC 

Inhibits calcium chloride 

channels 

Namkung et. al., 2010 

 

Liquorice Glycyrrhiza uralensis 
Glycyrrhizin(oleane-type 

triterpenoids) 
ETEC Inhibits LTB-GM1 interaction Chen et. al., 2009 

Pea Pisum sativum ? ETEC Inhibits LT binding to GM1   

Van der Meulen et. al., 

2010; Verhelst et. al., 

2010 

Pepper Piper longum Piperine ETEC  Antibacterial Kondo et. al., 2010 

Red chili Capsicum annuum Capsaicin 
V. 

cholerae 
Inhibits CT production 

Chatterjee et. al., 2010 

 

Tempe Glycine max 
Arabinose-containing 

molecule 
ETEC Inhibits adhesion of F4 Hill et. al., 2006  

Source: Dubreuil,2013
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These phytochemicals include flavonoids, steroids, β-carotene, anthocyanins, anthraquinones, 

glycosides, coumarins, alkaloids, saponins, tannins, phenolic acids, alkaloids, gallic acid and 

others (Galvez et. al., 1991; Longanaga et. al., 2000; Kwon et. al., 2000; Miyazaki et. al., 

2005; Islam, 2008; Pochapski et. al., 2011; Sandhya et. al., 2011; Mahima et. al., 2012; 

Bhatia et. al., 2013; Kumar et. al., 2013; Sharma et. al., 2014). These phytochemical 

constituents possess curative properties against many human ailments including diarrhoea 

and dysentery (Brinkhaus et. al., 2005). 

 ETEC is the leading cause of travellers’ diarrhoea affecting annually over 10 million 

travellers to developing countries (Dubreuil et. al., 2013). 

 Although certain plant products with healing of diseases including gastrointestinal 

disorders have been included in traditional medicines,  the mechanism accounting for 

antibacterial activities against enterobacteria some of which are responsible for causing 

diarrhoea are not thoroughly understood (Palombo, 2006). In addition, plants with significant 

activity against enteropathogens could offer alternative methods to treat drug resistant enteric 

infections (Taylor, 2013). 


