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INTRODUCTION 

Water is one of the most important and abundant compounds of 

the ecosystem.  All living organisms on the earth need water for their 

survival and growth. Water is a ubiquitously chemical substance vital 

to all known forms of life. In nature water exists in liquid, solid and 

gaseous states. Larger amount of water is present on the earth about 

three-quarters of the earth surface is covered with water occupying 

around 97% as seawater and 3% as fresh water. Around two-third of 

fresh water is icebergs and glaciers. Availability of fresh water for our 

daily life is only 0.8% of the total amount of water present on earth. 

Water is a colorless, tasteless and odorless transparent liquid at 

ambient temperature. Water is a good solvent it is often called as the 

universal solvent. The polarity of water is an important factor in 

determining its solvent properties. Water dissolves most of inorganic 

substances and some organic substances having ionic bonds by 

dissociating and hydrating them. Uses of water comprise agricultural, 

industrial, household and environmental activities.  

Drinking water is a vital resource for all aspects of human 

beings. Access to safe and clean drinking water is a major concern 

throughout the world.  Ground water surface water and rainwater are 

often the major sources of water in a community. Ground Water is 

often the most appropriate source of water for drinking as long as it 

does not contain high mineral content. Ground water could be 

extracted through wells or bore holes. Surface Water requires 

treatment to make it safe for human consumption. Surface water is 
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almost always contaminated by people and animals who defecate in 

or near the water. Rain water is pure it can be collected in large 

storage basin or smaller containers. However rain water collected in 

dirty or unclean containers have to be treated to make it safe for 

drinking. 

Natural waters occurring in the environment are not chemically 

pure waters. While circulating in the environment water contacts with 

atmosphere, rocks and soil. Due to physical, chemical and biological 

processes water passing through the ground undergoes purification. 

Physical processes include dilution, coagulation, precipitation and 

adsorption. Chemical processes include degradation, oxidation and 

hydrolysis while biological process includes biodegradation. 

Natural water contains either inorganic or organic compounds. 

The quantity of inorganic compounds dissolved in natural waters is 

differentiated. Rainwater may contain as little as a few milligrams of 

dissolved matter is derived from different sources such as sulphate, 

sulphur dioxide etc. After falling onto the land the inorganic content 

of the water increased. Natural waters contain organic matter 

including decaying matter and industrial pollutents. The naturally 

dissolved organic matter is transformation biological products of 

proteins, amino acids, fats, sugar etc. 

Due to increased human population, industrialization, use of 

fertilizers in the agriculture and man-made activity wateris highly 

polluted with different harmful contaminants. Therefore it is 

necessary that the quality of drinking water should be checked at 

regular time interval, because due to use of contaminated drinking 
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water, human population suffers from varied of water borne diseases. 

Contaminated water is a very turbid liquid with an offensive smell in 

most cases. Its composition varies from large floating or suspended 

solids to smaller suspended solids, very small solids in colloidal form 

due to microbes and chemical pollutants. The quantity of organic 

matter present in waste water determines the strength of waste water. 

The different components of waste water are of primary importance 

as it plays a crucial role in the design of the treatment plant. Waste 

water generally contains biological components including pathogenic 

organisms mostly of faecal origin and non-biological substances such 

as organic and inorganic compounds. Organic components include 

carbohydrates, protein and fats while inorganic components includes 

salts and metals. 

A large numbers of pollutants can impart colour, tastes and 

odors of water thus making them unaesthetic and even unfit for 

domestic consumption. The changes in oxygen, temperature and pH 

affect the chemical property of waters often triggering chemicals 

reactions resulting in the formation of unwanted products. The 

addition of organic components results in depletion of oxygen. The 

direct addition of nutrient through various sources enhances the algal 

and other biological growth which further depletes the oxygen. The 

decomposition of excessive organic matter results in odorous 

unaesthetic condition due to accumulation of several obnoxious 

gasses like ammonia, hydrogen sulphide and methane. The algal 

photosynthesis consumes carbon dioxide and increases pH of the 

water due to formation of carbonates which gets precipitated as 

calcium carbonate often co-precipitating phosphorus with it. 
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However, pH can fall at the time of higher rate of organic matter 

decomposition and low phosphothetic activity which can bring back 

the precipitated calcium carbonate is solution from the sediments. 

Producing potable water from surface water or ground water 

usually involves one or several treatment steps for removing 

unwanted substances. WHO estimates that about 85 percent of the 

rural population lack potable drinking water. About 80 percent of 

illnesses in developing countries are directly connected with 

contaminated drinking water. Reports also indicate that 90% of water 

in India is polluted. It has been estimated that 1.2 billion people do 

not have clean and safe drinking water. About 4 millions children die 

every year from water-borne diseases in India.  According to a report 

of Indian Toxicology Research Center about 8,000 cases of cholera, 1 

million cases of gastroenteritis and 7 million cases of dysentery were 

reported annually. Need of water treatment process is so important 

that we can avoid many possible  water borne diseases like diarrhea, 

dysentery, amoebiassis, hepatitis, typhoid, Jaundice, cholera and so 

on. Water borne infections are responsible for more than 80% of the 

diseases in all over the world. Water quality is of concern to 

everyone. To control these diseases water needs to be purified in 

order to make it safe for human consumption. 

Water is recognized as in important aspect in transmission of 

many diseases It is, therefore, of great importance to remove the 

pathogenic organisms from drinking or polluted water. Polluted 

waters especially those polluted by domestic sewage and discharge 

from hospitals and slaughterhouses etc., are effective source of 

infectious diseases. Water contains great number of bacteria, many of 
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which have important role in diseases causing. Pathogenic organisms 

from waste can be broadly classified as bacteria, fungi, viruses, 

protozoa and helminthes.  

Water-borne bacterial disease (Table-1) cause a wide range of 

syndromes including: acute dehydrating diarrhea (cholera), prolonged 

febrile illness with abdominal symptoms (typhoid fever), acute 

bloody diarrhea (dysentery) chronic diarrhea (Brainerd diarrhea) food 

poisoning, botulism and anthrax. 

Table : 1. Water Borne Bacterial Diseases 
 

S. 
No Disease Pathogen Rout of 

exposure 
Mode of 

transmission 

1.  Cholera Vibrio cholera Gastrointestinal Often water 
borne 

2.  Botulism Clostridium 
botulinum Gastrointestinal Water borne 

3.  Dysentery Shigella 
dysenteriae Gastrointestinal Water borne 

4.  Typhoid Salmonella 
typhi Gastrointestinal Water borne 

5.  Colon 
infection E. coli Gastrointestinal Water borne 

Water-borne bacterial infection accounts of diarrhea resulting 

in 1-2 million deaths per year. The death tends to be of infants and 

young children from dehydration, malnutrition and other 

complications of water borne bacterial infection. Contaminated river 

water sources and large poorly functioning municipal water 
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distribution systems contribute to transmission of water borne 

bacterial disease. Chlorination san safe water handling can eliminate 

the risk of water borne bacterial disease. But centralized water 

treatment and distribution systems are expensive and take years to 

complete. 

The need for health care is very urgent due the excessive 

growth urban and rural population. It clear that some of the diseases 

can be greatly reduced at a relatively low cost through improved 

housing and living conditions. To reduce the death rate from Diarrhea 

disease improved availability of water and sanitation services and 

provisions for oral-rehydration solution are needed. These deaths can 

be prevented. This is true for both the urban and rural areas. Since in 

urban areas, there is higher income for the middle income groups, it 

appears that the situation is better. However, the conditions of the 

poor for people in the urban village areas are the same as those of the 

rural area. 

Contaminated water may have off-tastes, odors or visible 

particles. However, some dangerous contaminants in water are not 

easy to detect.  Accurate water testing is needed to determine safety 

and quality. Turbidity in water is caused by suspended matter such as 

clay, silt, finely divided organic and inorganic matter, planktons, and 

other microscopic organisms. 

Water that contains diseases causing organisms so it is 

necessary for water to be purified so as to be made safe for drinking. 

To achieve this various methods have been employed but each 

method has its own setbacks in terms of efficiency, cost and 
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ecological suitability. There are several major water purification 

techniques some are    more efficient in removing particular types of 

impurities. A combination of two or more technologies is better in a 

given situation. These Methods include; distillation, ion exchange, 

carbon adsorption, filtration, ultra filtration, reverse osmosis, electro 

deionization, ultraviolet (UV) radiation. Distillation is probably the 

oldest method employed in water treatment but it requires large 

amount of energy and water despite the fact that it removes a broad 

range of contaminants. It requires expert training and careful 

maintenance to ensure efficiency. Ion exchange is very efficient in 

removing organic contaminant from water. The Carbon adsorption is 

99.99% efficient in removing suspended solids the pressure of a 

Millipore membrane filters of 0.22um track down all bacterial but 

cannot remove inorganic as well as colloidal particles. Ultrafiltration 

acts as molecular sieve, effectively removed all types of particles and 

microbes.  Reversed osmosis can effectively remove all types of 

contaminants to some extent (particles, pyrogens, microorganisms, 

colloids and dissolves inorganic) through the flow rate is limited. 

Electrode ionization is a technology clone from electro dialysis and 

ion exchange, it’s inexpensive to operate and absolutely efficient in 

removing inorganics but the set back is that the water requires pre-

treatment for water. The adsorption of UV light by the DNA and 

proteins in the microbial cells results in cell inactivation but the 

method cannot remove particles, colliods or ions. 

The target of drinking water treatment is to remove colloidal 

material and microorganisms demand to achieve the quality drinking 

water. Conventional technique is mostly used for surface water 
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treatment includes chemical coagulation followed by flocculation, 

sedimentation, filtration and disinfection. There are many steps in 

water treatment processes, one of them is water treatment processes 

which applying for removal of suspended particles and colloidal 

material in raw water. 

Common artificial coagulants are aluminium sulphate, 

polyaluminium chlorides, ferric chloride, and synthetic polymers. All 

of these coagulants have in common the ability of producing charged 

ions when liquefied in water which can contribute to charge 

neutralization. Aluminium sulfate (alum) is a common coagulant 

generally utilized in water treatment. Alum increases concerns when 

introduced into the environment towards eco-toxicological impact 

regarding the application of artificial polymers and have many 

carcinogenic characteristic. Natural coagulants such as the seeds from 

many plants can also be used. Traditionally, surface water has been 

treated with the help of plants as natural coagulants for centuries in 

India. Coagulation is an important step in water treatment processes 

not only for adsorb particles but because it is also for removing the 

microorganisms that are often attached to the particles. The important 

process for removing turbidity is the coagulation. The aim today is 

how give other people access to uncontaminated drinking water by 

cost effective means, particularly the rural people who can not 

afford any water treatment chemicals without affecting the health. In 

view of the above quite a number of natural materials of plant origin 

have long been used by local communities in many developing 

countries in water treatment. Use of plants to reduce contaminants    

in environment known as phytoremediation. It is coast effective, 
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efficient, novel and ecofriendly technique.  Phytoremediation  

includes the use of plants in situ or ex situ to partially or substantially 

remediate selected organic and inorganic contaminants in 

contaminated soil, sludge, sediment, ground water, surface water and 

waste water. 

Phytoremediation has also been called green remediation, 

agroremediation and vegetative remediation. Phytoremediation is a 

variety of processes occurring to differing degrees for different 

conditions, media, contaminants and plants. Phytoremediation can be 

used to clean up heavy metals, pesticides, solvents, explosives, crude 

oil, polyaromatic hydrocarbons and landfill leachates. 

Phytoremediation encompasses a number of different methods that 

can lead to contaminant degradation, removal through accumulation, 

dissipation and immobilization. Some of the effective coagulants 

(Table 2) used for water purification. 

Table : 2. Natural coagulants can be used for water purification 
 

S. 
No. Name of Plant Family Used plant 

parts 
1.  Acrorus calamus Araceae Roots 

2.  Anaphalis cunefolia Compositae Entire plant 

3.  Eclipta aibba Compositae Entire plant 

4.  Azadirachta Indica Meliaceae Leaf 

5.  Moringa oleifera Moringaceae Fruits, Roots, 
Stem 

6.  Stryctnos potatorum Loganiaceae Seeds 

7.  Jatropha curcas Euphorbiaceae Seeds  

8.  Cicer arietinum Fabaceae Seeds 
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In recent years there has been considerable interest in the 

development of usage of natural coagulants which can be produced or 

extracted from plants. These plant based coagulants should be 

biodegradable and are presumed to be safe for human health. Natural 

coagulants produce readily biodegradable and less voluminous 

sludge. Natural coagulants have been used for domestic household for 

centuries in traditional water treatment in tropical rural areas. The 

usage of natural coagulants derived from plant based sources 
represents a vital development in sustainable environmental 

technology since it focuses on the improvement of quality of life for 

underdeveloped communities. Plant based coagulants act using 

adsorption and neutralization mechanism. Plant based coagulants 

contain phytochemical compounds such as lipids, proteins and 

secondary metabolites with carboxyl and hydroxyl groups which 

increase coagulation and flocculation for water purification. 

Phytochemical compounds can be separated. The separated 

compounds can be identified and quantified.  To achieve this Gas 

Chromatography Mass Spectrometry (GC-MS) is used to separate 

volatile compounds in a mixture. GC can well separate complex 

mixtures and MS can detect these compounds. GC-MS has a 
relatively broad coverage of non-volatile compound classes mainly 

those involved in primary metabolism including organic and amino 

acids, sugars, sugar alcohols, phosphorylated intermediates within the 

polar as well as lipophilic compounds such as fatty acids, fatty 

alcohols and sterols.  

The separated compounds can be identified and quantified. To 

achieve the identification of different compounds various steps can be 

used during GC-MS. 
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Extraction of metabolites from the biological sample which 

should be complete as possible to avoiding degradation or 

modification of metabolites. Derivatisation of metabolites to make 

them volatile and amenable to gas chromatography.  Injection 

depends on the sample gas, liquid or solid and compounds in a 

mixture need to be volatilized.  Injection techniques may be split, split 

less, thermal desorption and solid phase micro extraction (SPME) 

After injection of a mixture, separation is achieved in the 

capillary column. This column is coated with a fluid or a solid 

support the stationary phase. An inert gas also called the mobile phase 

is flowing through the column.  Depending on the phase equilibrium 

between the stationary and mobile phase, compounds travel with 

different velocities through the column. The mixture becomes 

separated, and as a result, individual compounds reach the detector 

with a different retention time.  By choosing a column, which 

separates on boiling point, polarity, size or stereochemistry, a wide 

range of compounds can be separated. 

Ionization of compounds as they are eluted from the GC which 

is required for subsequent mass spectrometry. Electron impact (EI) 

ionization is most widely used it produces reproducible fragmentation 

patterns and molecular ions which simplifies the evaluation of 

resulting mass spectra. 

Detection of molecular ions, which can be achieved with 

different mass-detection devices, including single quadrupole 

detectors (QUAD), ion trap technology (TRAP), and time-of-flight 

detectors (TOF). 
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Each component is identified by comparing its "retention time" 

that is the length of standard time that it remains in the column. The 

retention time of a vapor depends on the column temperature limits 

and ramp rate, the column length, type of stationary phase and carrier 

gas velocity. If these variables are kept constant, the retention time of 

a component may be tentatively identified by comparison to the 

retention time of a known standard run under identical operating 

conditions. If the response of the detector is linear, the area under a 

peak accurately represents the quantity of the component present. If it 

is not, calibration for detector response to the types of components 

expected to be in the analyte yields a set of response factors which 

convert the reported area percentages to quantitative weight 

percentages. 

Evaluation of data begins by matching chromatographic 

retention times and mass-spectral fragmentation patterns to reference 

data in local and/or public databases. Software provided with GC-MS 

equipment facilitates this to a greater or lesser extent, depending on 

the platform used. The best software programmers support automated, 

comprehensive extraction of all mass spectra from a chromatogram, 

correction for co-eluting metabolites, calculation of GC retention time 

indices, and automated selection of suitable mass fragments for 

quantification. 

After detection of compounds their orientation and 

conformation can be predicted by using molecular modeling. In the 

field of molecular modeling, docking is a method which predicts the 

favored orientation of one molecule to a second when bound to each 

other to form a stable complex. Docking means predicting the 
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bioactive conformation of a molecule in the binding site of a target 

structure. Knowledge of the chosen orientation in turn may be used to 

predict the strength of association or binding affinity between two 

molecules. In essence, this is equivalent to finding the global free 

energy minimum of the system consisting of the ligand and the target. 

Docking is used as a tool in structure-based drug design. Docking is 

frequently used to predict the binding orientation of small molecule 

drug candidates to their protein targets in order to in turn predict the 

affinity and activity of the small molecule. Hence docking plays an 

important role in the rational design of drugs. Given the biological 

and pharmaceutical significance of molecular docking, considerable 

efforts have been directed towards improving the methods used to 

predict docking. 

The aim of molecular docking is to evaluate the practicable 

binding geometries of a putative ligand with a target whose 3D 

structure is known. The binding geometries include both the 

positioning of the ligand relative to the receptor (ligand configuration) 

and the conformational state of the ligand and the receptor. There are 

three basic tasks any docking procedure. Target Preparation for 

docking in structure based virtual screening identification of 

compounds for automated docking does a given receptor-binding 

pocket. The 3D structure of targets is typically obtained by X-ray 

crystallography, NMR and homology models can also be used. In 

some cases the target is not a protein but can be RNA or DNA.  

RASMOL is a public domain program that can be used to view 

molecular structures in 3-D perspective. It is an easy program to use. 

It does have research applications, and can be used to view the 
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structure of macro-molecules like proteins. We shall be using this 

program to understand basic molecular structure principles. 

Encapsulation use to enclose medicinal importance constituent 

in a relative stable shell known as capsule. Two main types of capsule 

are used one is hard shelled capsule and another is soft shelled 

capsule. Hard shelled capsule made up with gelatin and contain dry 

powdered ingredients. Lower part of capsule known as body and it is 

sealed with high diameter cap. Soft shelled capsule primarily used for 

oils and for active ingredients that are dissolved. To avoid 

contamination use aseptic manipulation techniques was followed. 

Contaminated water contains diseases causing agents such as 

bacteria, viruses, protozoa. Water also possesses chemical parameters 

(Alkalinity, Dissolve oxygen, Biochemical oxygen demand) and 

physical parameters (Turbidity, pH, Colour etc.) these parameters are 

very important to decide the drinking water quality. Various studies 

indicate that water quality parameters affected by various water borne 

bacteria. As a small part of this study regarding anticoagulant activity 

of some plants for water purification were evaluated. 

For the purification of surface water there is a need to develop 

cost effective, easier and environmental friendly process. In the light 

of above facts present study is selected to know “Phyto-Chemical 

Studies of Selected Plants as A Source of Bio-Coagulant Agent 

For Water Purification.” In recent years there has been considerable 

interest in the development of usage of plant natural coagulants. 

These coagulants are biodegradable and are supposed to be safe for 

human health. 



 
 
 
 
 
 
 

CHAPTER – 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

REVIEW OF LITERATURE 



 
Review of literature 

 

15 
 

Review of liteRatuRe 

In India, most of the population is dependent on surface water 

as the only source of drinking water supply. The groundwater is 

believed to be comparatively much clean and free from pollution than 

surface water. But prolonged discharge of industrial effluents, 

domestic sewage and solid waste dump causes the groundwater to 

become polluted and created health problems (Raja et al., 2002). The 

rapid growth of urban areas has further affected water quality due to 

overexploitation of resources and improper waste disposal practices. 

Hence, there is always a need for and concern over the protection and 

management of surface water and groundwater quality (Patil et al., 

2001). 

Water pollution is the contamination of water bodies including 

lakes, rivers, oceans and ground water. Water pollution occurs when 

pollutants are directly or indirectly discharged into water bodies 

without adequate treatment to remove harmful compounds. Pollution 

is caused when a change in the physical, chemical or biological 

condition in the environment harmfully affect quality of human life 

including other animals life and plant (Lowel and Thompson, 1992 

and Okoye 2002). Industrial, sewage, municipal wastes are been 

continuously added to water bodies hence affect the physiochemical 

quality of water making them unfit for use of livestock and other 

organisms (Dwivedi and Pandey, 2002). 

Today water pollution is the biggest problem for human beings 

which deteriorate the water quality. Various human activities make 
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water unfit for drinking and domestic purposes. The main sources of 

water pollution are chemical fertilizers and pesticides getting in an 

untreated sewage and industrial effluents into rivers and streams, 

running close to the cities and low lands. Garg et al., (2007) reported 

that many dangerous diseases are caused by using polluted water by 

reducing the incidence of many water borne communicable diseases. 

The diseases associated with contaminated water cause serious public 

health problems in India (Tambekar, 2007). 

Water pollution can come from many different sources. If 

pollution comes from a single source it is called point source 

pollution. If pollution comes from a many source it is called non-

point source pollution (Jain et al., 1998).  In most of the Indian cities, 

the major sources contributing to the pollution problems are land 

disposal of solids wastes, sewage disposal on land, agriculture 

activities, leakage and spills of effluent carrying culverts, deep well 

disposal of liquid waste, urban run-off and polluted surface water 

refuse is dumped in low lying area. 

Alagmutuhu  and Rajan, (2008) indicate that one of the greatest 

challenges of the coming time is to provide an ample supply of safe 

drinking water for house hold consumption to everyone. But the 

quality of water resources are unevenly distributed over the earth’s 

surface and this is deteriorating due to anthropogenic activities, so in 

future even countries are going to suffer from scarcity of pure water. 

As we dump municipal wastes and industrial waste, heavy land and 

salt making properties of ground water change. Therefore, it is 

essential to analyze the ground to study the variations in connection 

with quality parameters. Based on the physico-chemical parameters 
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quality could be rated based on uses like drinking, agriculture and 

industrial etc. 

According to Nevondo and Cloete, (1991) in areas where 

portable water supplies are provided, the supplies are unreliable and 

insufficient; forcing residence to reverse to traditional contaminated 

water sources. It is therefore imperative to monitor the physico-

chemical and microbial quality of water supply in rural areas in other 

to highlight the quality of water supply and to provide the impetus for 

sustained government intervention. 

According to a recent United Nations Children Federation 

(UNICEF) report, about 800 million people in Asia and Africa are 

living without access to safe drinking water. Consequently, this has 

caused many people to suffer from various diseases (Tanwir et al., 

2003). The quality of drinking water is of vital concern to mankind, 

since it is directly associated with human life. Fecal pollution of 

drinking water causes water-borne diseases, which wiped out entire 

population of cities (Farah et al., 2002). 

According to World Health Organization (WHO), (2003) 

drinking water supplies have a long history of being infected by a 

wide spectrum of microbes. Therefore, the primary goal of water 

quality management from health perspective is to ensure that 

consumers are not exposed to pathogens that cause disease. Protection 

of water source and treatment of water supplies have greatly reduced 

the incidence of these diseases in developed countries. Hasan, et al., 

(2010) reported that the quality of the water consumed by our local 
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population is critical in controlling infectious diseases and other 

health problems. 

According to WHO, (2003) reported that the biological 

contamination in drinking water is a major problem of public health 

in developing world. WHO estimates that about 1.1 billion people 

globally drink unsafe water and the vast majority of diarrheal diseases 

in the world (88%) is attributable to unsafe water, sanitation and 

hygiene. 

Various researches indicate that waste water is spoiling the 

entire environmental conditions. This water may have pollutants of 

almost all kinds from simple nutrients and organic matter (Trivedi et 

al., 2004). Waste water is responsible for polluting the ground water 

level and makes the water unsuitable for drinking purpose (Singh et 

al., 2005). Singh et al., (2005) concluded that the quality of various 

water sources in and around of Khagaul town showed the water 

pollution. The water pollution causes irreparable damage to the 

pollution, soil, plants and animals (Trivedi, 1990 and Chandrasekhar, 

1997). 

Heavy metal pollution in soil and aquatic bodies is a serious 

environmental problem threatening not only the aquatic ecosystems 

but also human health through contamination of drinking water. 

Unlike organic pollutants heavy metals are not degraded so requires 

removal for decontamination. In view of the above it is very 

important to remove the heavy metals from the contaminated sites.  

According to Chermisinoff et al., (2002) safe drinking water should 

generally be free from heavy metals, turbidity, organic compounds 
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and pathogens. Turbidity may contain these compounds and also 

shields pathogens from chemical or thermal damage. It is also 

important to remove turbidity for the aesthetic values of the drinking 

water. Organic substances in water might originate from industrial 

and agricultural operations, which contribute with compounds such as 

chloroform, gasoline, pesticides and herbicides. Finally, protozoa, 

bacteria and viruses are all pathogens that can cause diseases. 

According to WHO, (2008) among the coagulating agents used 

in water treatment, ferric sulphate or alum is most widely used salts. 

The salts acts as coagulants by neutralizing the charges of colloidal 

particles adsorb or trap them and facilitate the agglomeration of 

particles during slow mixing provided in flocculation.  

Studies conducted by Stumm and Morgan, (1996) that 

conventional treatment of water often includes coagulation, 

flocculation, sedimentation, filtration and disinfection. Coagulation is 

the destabilization of particles, which means a changed state in the 

dispersion of colloidal particles. The stability of colloids is dependent 

of their surface charge. Polymers can affect the particle interaction by 

forming bridges between them or by sterically stabilizing them.  

The cleanup technology involves a variety of techniques 

ranging from simple biological process to advanced engineering 

technologies. The use of clean up technologies without producing 

other harmful waste products is required as best option (Rajkumar et 

al., 2008).  

Phytoremediation that is using vegetation to remove, detoxify 

or stabilize persistent pollutant is an accepted tool for cleaning of 
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polluted soil and water. Phytoremediation includes group of 

technologies that use plants for remediating soils, sludge, sediments 

and water contaminated with organic and inorganic contaminants. 

Plants are unique equipped with remarkable metabolic and adsorption 

capabilities. Phytoremediation is an alternative technology that can be 

used in place of mechanical conventional technologies that require 

high capital inputs and labor.  (Ali et al., 2004, Anderson et al., 

1994). 

Studies conducted by Lombi et al., (2002), Cheng et al., 

(2002),  Bhargava et al., (2008) conclude that attempts for developing 

cost-effective treatment approach always revolved around using the 

different types of treatment technologies. Techniques related to 

treatment cannot avoid chemical, mechanical and energy 

requirements except this they also generate a new category of 

pollutants. Using plants to purify soil and water has always fascinated 

researchers also trying for the same. Consequently many natural 

systems were developed such as oxidation ponds, lagoons, and 

constructed wetland etc. that use the ability of different plant species 

for the degrading or uptake of the pollutants. Use of the plants for 

such purpose is termed as phytoremediation. 

Phytoremediation is divided into different areas such as 

phytoextraction, rhizofiltration, phytostabiilzation, phytodegradation, 

rhizodegradation and phytovolatilization. Phytoextraction also called 

by the name of phytoaccumulation refers to the uptake and 

translocation of metal contaminants in the soil by plant roots into the 

aerial parts of plants (Eaphan et al., 2005). There are two basic 

strategies of phytoextraction as chelate assisted phytoextraction, 
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which may also be termed as induced phytoextraction and the other is 

long term known as continuous phytoextraction. Although chelate 

assisted phytoextraction has become more developed and also being 

implemented commercially. 

The plant kingdom presents a wealth of chemical compounds 

of pharmaceutical nature. This has been resulted in the utilization of 

medicinal plants as flavours, odours, dyes, preservatives and a 

number of traditional and folklore medicines. Phytochemical derived 

from plants are not of recent origin, rather they have been provided by 

the Asian countries, India and China. In China, the medicinal record 

was as old as 5000-4000 B.C. In India the oldest record of the 

medicinal plants comes from ‘Rigveda’ (4500-1600 B.C.), the 

‘Atherveda’ (4000-1600 B.C.) which provides a remarkable 

knowledge about Indian medicinal plants. 

The importance of natural medicines can be indicated by the 

fact that one of the most “lifesaving drugs” (antibiotics) can only be 

obtained by plants. It was reported that use of phytodrugs has 

increased in the recent years, although synthetic compounds and 

microbial agents have a major contribution to the pharmaceutical 

industries, 25% of the prescribed drugs are of plant origin. 

Most of the plants producing the valuable medicinal 

compounds are grown wildly in nature and some of them are 

cultivated. India’s large quantity forest has provided a prominent 

position in export of medicinal plants and crude drugs. Such plants 

have often collected from the naturally occurring flora has created a 

gap in their balance over the earth. 
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From the time immemorial the medicinal importance of plant 

products is well known to human beings. Antimicrobials are defined 

as those secondary metabolites though not belonging to a specific 

class, which are capable of inhibiting the growth of other micro-

organisms. Several plants have been screened for their various 

biological activities such as antibacterial, antifungal, antiviral, 

insecticidal properties. Skinner, (1995) has screened a number of 

vascular plants for their antimicrobial activity. 

According to Yin, (2010) several plant-based coagulants have 

been studied scientifically some of them are listed as seeds of 

Strychnos potatorum has been used to clarify turbid surface waters for 

over 4000 years. Moringa oleifera has coagulant properties related to 

dimeric cationic proteins.  

Clijsters et al., (1985) reported that macrophytes based 

wastewater treatment systems have several potential advantages as 

compared to conventional treatment systems with the low operating 

costs. They are more flexible and less susceptible to shock, loading 

and have genetically homogeneous population which is small in size 

with abundance and rapid growth. Such treatment systems can often 

be established at the same site where the waste water is disposed.  

According to Gray et al., (2000) in case of developing 

countries like India, such macrophyte based technology may be 

extremely advantageous where a plenty of waste land requires the 

reclamation, so that it can be used for agriculture. 

G. Vijayaraghavan et al., (2011) reported that frequently 

studied plant-based coagulants include Nirmali seeds (Strychnos 
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potatorum), Moringa oleifera, Tannin and Cactus represents 

important progress in sustainable environmental technology as they 

are renewable resources and their application is directly related to the 

improvement of quality of life for underdeveloped communities. 

According to (Doppalapudi sandeep et al., 2012) Cicer 

arietinum which is generally consumed as a seed food is a good 

source of protein. Phytochemical analysis indicates the presence of 

flavonoids, phenols and saponins in both the methanolic and ethanolic 

extracts. An extra presence of the tannins in methanolic extract may 

contribute somewhat major anti-edematous activity when compared 

to that of the ethanolic extract. There by the findings concluded that 

Cicer arietinum seeds exhibit an anti-inflammatory activity and 

further studies were suggested to isolate the active principles 

responsible for the activity. 

Md. Asrafuzzaman et al., (2011) reported that using some 

locally available natural coagulants for example Moringa oleifera, 

Cicer arietinum, Dolichos lablab, significant improvement in 

removing turbidity and total coliforms from synthetic raw water was 

found. Maximum turbidity reduction was found for highly turbid 

waters. After dosing, water-soluble extract of Moringa oleifera, Cicer 

arietinum, and Dolichos lablab reduced turbidity to 5.9, 3.9, and 11.1 

NTU, respectively, from 100 NTU and 5, 3.3, and 9.5 NTU, 

respectively after dosing and filtration. It was also found that these 

natural coagulants reduced about 89–96% of total coliforms. Among 

the natural coagulants used in this study for turbidity reduction, Cicer 

arietinum was found most effective. It reduced up to 95.89% turbidity 

from the raw turbid water.  
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G. Muthuraman et al., (2013) studied coagulation-flocculation 

followed by sedimentation and filtration is the most commonly used 

water treatment process  in which turbidity or particles removal is 

strongly dependent on proper coagulant dosage, effect of pH ,effect of 

time, jar test and settling column tests. The maximum turbidity 

removal efficiency obtained for Moringa oleifera at 12hrs retention 

time in the settling column, for 100 NTU, 250 NTU, 500 NTU initial 

turbidity removal efficiency are as 95.93%, 95.10% and 99% 

respectively. Turbidity values were very similar although the dose of 

aluminum sulphate which was required to achieve this was greater 

than that of the Moringa oleifera and other coagulant.  

According to Sankar Narayan Sinha (2012) in recent times the 

use of plants as a source of novel compounds to combat microbial 

infections has gained prominence. Study analyzed the phytochemical 

composition of activities of Moringa oleifera extracts using in vitro 

antibacterial screening techniques. The Moringa oleifera moreover 

studies were conducted to assess the antibacterial methanol extract of 

leaves, flowers, barks, seeds and fruits of this plant at a 

concentrations of 5 mg/ml exhibited antibacterial activities against 

Bacillus subtilis, Escherichia coli, Pseudomonas aeruginosa, Shigella 

dysenteriae and Shigella flexneri .  

Tasneembano Kazi et al., (2013) reported that tanning industry 

is one of the oldest industries which is highly complex and is 

characterized by high BOD, COD, suspended solids, settleable solids, 

sulphide, chloride and chromium. Cicer arietinum, Moringa oleifera, 

and Cactus were used as locally available natural coagulants in this 

study to reduce turbidity and COD of tannery wastewater. The 
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optimum dosage of Cicer arietinum, Moringa oleifera and Cactus 

were found as 0.1, 0.3 and 0.2gm/500ml respectively. The optimum 

pH value with Cicer arietinum, Moringa oleifera, and Cactus was 

found to be 5.5, 4.5 and 5.5 respectively. In case of Cicer arietinum, 

Moringa oleifera, and Cactus maximum reduction in turbidity were 

found to be 81.20%, 82.02% and 78.54%, and maximum reduction in 

COD were found to be 90%, 83.33% and 75%, respectively. Among 

the natural coagulants used in this study maximum turbidity reduction 

of 82.02% and COD reduction of 90% was found with Moringa 

oleifera and Cicer aretinum respectively. 

Daniyan S. Y. et al., (2011) studied the antimicrobial effects of 

the methanol, ethyl acetate and hexane extracts of Jatropha curcas 

seed at concentration ranging from 50-200mg/ml were tested against 

some pathogenic organisms using agar diffusion method. The extracts 

exhibited antimicrobial activities with the zones of inhibition ranging 

from 10-25, 8-23, 10-20 and 12-21(mg/ml) for Staphylococcus 

aureus, Escherichia coli, Salmonella typhi and Candida albican, 

respectively. The Minimum Inhibitory Concentration (MIC) which 

ranges from 3.13-12.5mg/ml was determined using the broth dilution 

method. The minimum bactericidal concentration (MBC) ranges from 

25-12.25mg/ml. The phytochemical analysis revealed the presence of 

alkaloid, glycosides,flavonoid and carbohydrate.  

Studies conducted by Mangale S. M et al., (2012) confirm the 

effectiveness of seed powder extracted from mature-dried Moringa 

oleifera seeds which are commonly available in most rural 

communities. Various doses of Moringa seed powder 50, 100 and 150 

mg/l were taken and checked for the efficiency dose on raw water. 
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After treatment of seed powder with water samples were analyzed for 

different parameter like pH, Turbidity, TDS, TS, Hardness, Chlorides, 

Alkalinity, Acidity, MPN and SPC. All parameters were reduced with 

increasing dose of 50, 100 and 150 mg/l seed powder respectively 

(except alkalinity and pH). Moringa oleifera seeds acts as a natural 

coagulant, flocculent, absorbent for the treatment of drinking water. It 

reduces the total hardness, turbidity, acidity, alkalinity, chloride after 

the treatment. It also acts as a natural antimicrobial active against the 

micro-organisms which is present in the drinking water and decrease 

the number of bacteria. MPN test reading was reduced after treatment 

of higher dose at 150 mg/l of Moringa seed powder.  

Sonal Choubey (2013) reported the performance of Strychnos 

potatoram seed extract as primary coagulant and compared with the 

performance of alum. Strychnos potatoram seed extract is effective as 

prime coagulant. Compared with alum (residual filtrate turbidity 2 

NTU and residual color 3 TCU), it produces water with slightly 

higher residual filtrate turbidity (4 and 3 NTU) and residual color (15 

and 13 TCU), but the residual turbidity and residual color are within 

the WHO drinking water guideline values for turbidity (5 NTU) and 

color (15 TCU). The effectiveness of Strychnos potatoram in the 

removal of turbidity, total hardness, pH, COD, BOD and total 

dissolved solids (TDS) has been investigated. Strychnos potatoram 

was found to be especially effective in reducing the parameters like 

turbidity, BOD, COD, hardness. 

According to K. A. Yongabi (2010) the potentials of Moringa 

oleifera, Jatropha curcas, Pleurotus tuberregium, Citruss 

aurontifolia, Strynos potatorium coagulants with respect to turbidity 
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removal and disinfection of water borne diseases in comparison with 

chemical coagulants and disinfectants such as Alum and Chlorine 

have been presented. Studies conclusively demonstrates that 

biocoagulants especially Moringa oleifera seeds are as efficient as 

Alum is purifying water and wastewater at low cost. Heiras-

Palazuelos MJ et al., (2013) reported that Cicer arietinum  is one of 

the most important grain-legume crops in the world used as 

nutraceutical. Chickpeas have high nutritional value due to high 

protein and dietary fibre. It has high antioxidant activity due to this it 

is a well known and potent nutraceutical. 

N. Packialakshmi et al., (2014) reported that the efficiencies of 

powdered seeds of Strychnos potatorum natural water treatment 

agents alternative to the use of synthetic chemicals. The optimum 

dosages and turbidities were observed to the alum and Strychnos 

potatorum. Seed extract is effective as a prime coagulant compared 

with alum. it produces water with slightly higher residual turbidity 

and residual color, but the residual turbidity and residual color are 

within the WHO drinking water guideline values for turbidity (5 

NTU) and color (15 TCU). The effectiveness of Strychnos potatoram 

in the removal of turbidity, total hardness, pH, and total dissolved 

solids (TDS) has been investigated.  

Various researchers Agarwal and Agarwal, (2007); Fairless, 

(2007); Akbar et al.,( 2009),  indicate Jatropha L. (Euphorbiaceae) is 

a very diverse subtropical and tropical genus which includes 

succulents, caudiciform species, herbaceous perennials and woody 

trees. A number of Jatropha species especially Jatropha  curcas yield 

oils of biofuel value. Kumar and Sharma, (2008); Openshaw, (2000); 
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Martinez-Herrera et al., (2006) reported that Jatropha  curcas can be 

used to prevent and/or control erosion, to reclaim land, grown as a 

live fence especially to contain or exclude farm animals and be 

planted as a commercial crop. These characteristics along with its 

versatility make Jatropha of vital importance to developing countries. 

According to Mamta Arora et al., (2014) seeds of Cicer 

arietinum show antioxidant and antimicrobial activities. Antioxidant 

activity of various methanol extracts were assessed using three 

different methods (Reducing Power, Total antioxidant activity and 

Ferric reducing antioxidant power). Antimicrobial activity of 

methanolic and hydroalcoholic extracts were assessed by agar cup 

method with three different microbial strains Staphylococcus aureus, 

E.coli and Pseudomonas alcaligenes. 

According to M Madhu et al., (2016) plants play important 

roles in discovery associated with new beneficial therapeutic agents 

and have received significant focus because of their bio- active 

substances like antioxidants, hypoglycemic and hypolipidemic 

factors. Plant species were screened for their phytochemicals by using 

4 different solvent extracted from their selected parts (leaves, stem, 

pericarp of the fruit and seeds cotyledons). All the plants which are 

selected for the study contains phytochemicals like alkaloids, 

flavonoids, steroids, phenols and saponins. The highest 

concentrations of alkaloids are observed in L.officinale leaf and 

F.vulgare stem extracts by using petroleum ether. 

Waseem ahmad et al., (2017) reported that phyotochemical 

analysis and antimicrobial study of any selected plant species is a 
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very significant way to establish that the selected plant species may 

be use as potent drugs. Euphorbia hirta is a potential source of useful 

bioactive compounds. Leaves and flowers extract of the plant contain 

large amount of alkaloids and flavanoids along with terpenoids, 

saponins, tannins and carbohydrate in small amount. Plant shows 

significant antibacterial activity against selected gram positive strains. 

Results clearly indicate that Euphorbia hirta as potent antibacterial 

drugs of natural origin. 

According to Wilson Rwai Waweru et al., (2017) the medicinal 

properties exhibited by various medicinal plants are driven by the 

phytochemicals present in the plants. Identification of the 

phytochemicals present in the selected plants such as Vernonia 

mygdalina, Zehneria scabra, Leonotis nepetifolia, Tetradenia riparia, 

Aloe myrianantha. Standard procedures for phytochemical screening 

were used to test for the presence of various phytochemicals. All the 

selected medicinal plants were found to contain tannins and 

flavanoids, saponnis and phenols. Alkaloids were also present in all 

the selected plants except Aloe myriacantha and Eucalyptus 

camaldulensis. The study concluded that medicinal plants used in 

Rwanda possessed various phytochemicals that aids in the medicinal 

properties of the studied plants. 

According to Chapman and Kimstach, (1992) the pH is used to 

read the acid balance of a solution and it is defined as ‘the negative of 

the logarithm to the base 10 of the hydrogen ion concentration’. The 

pH scale ranges from 0 to 14 (i.e., very acidic to very alkaline), and 

pH 7 indicates a neutral condition. The pH of natural water stays in 

between 6.0 and 8.5 but could be affected by chemicals entering the 
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waterways. This parameter can be used to evaluate the amount of 

effluent plume in the water body, while measuring the effects of an 

effluent discharge. 

Various researches indicate that extremely high or low pH 

values of fresh water make it unsuitable for most aquatic organisms. 

Moreover, water with low pH values become corrosive on the other 

hand, water with high pH values reduces the availability of 

phosphate, sulphate, iron and manganese (Gambrell and Patrick 1988; 

Jackson et al., 1993; Handreck and Black, 1994). Furthermore, at 

high pH levels most of the dissolved carbon dioxide is converted into 

bicarbonate (HCO3-) or carbonate (CO3
2⎯). This parameter has a 

direct effect on the treatability of the water. The pH value varying 

between 6.5 to 8.0 is required for a proper biological treatment of 

wastewater (Metcalf and Eddy, 1991). 

According to World Health Organization (WHO) 1984 the 

desirable pH of drinking water is 7.0 to 8.5. The pH has no direct 

adverse effect on health, but at the same time alters the taste of water.  

According to Chapman and Kimstach, (1992) the chemical 

oxygen demand (COD) is commonly used to measure the susceptible 

levels of oxidation of the organic and inorganic materials existent in 

water bodies as well as in the sewage and industrial effluents. It 

measures the O2 equivalent of the organic matter present in a water 

sample that can be oxidized by a strong chemical oxidant, such as 

dichromate or permanganate. The concentration of COD observed in 

unpolluted surface water remain around 20 mg/l or less, while values 

are normally greater than 200 mg/l in effluents. Masters, (2004) 
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observed that COD measurements are usually higher than the BOD5 

measurements. 

According to Chapman and Kimstach, (1992) and Liston and 

Maher, (1997) the Biochemical Oxygen Demand (BOD) is used to 

read the level of biochemically degradable organic matter or carbon 

loading in the water. It is usually defined by the amount of O2 

consumed by the aerobic micro-organisms present in the water 

sample for the purpose of oxidizing the organic matter and to convert 

it to a stable inorganic form. Hence, in water quality analysis this 

parameter is used to determine the biodegradable organic content of 

the waste in terms of O2 which is required when the wastes are 

discharged into natural water where aerobic condition prevails. 

According to Chapman and Kimstach, (1992) the BOD is 

usually determined through standardized laboratory procedures where 

the sample is incubated in the dark at a steady temperature of 20 0C 

for the duration of 5 days, thereby measuring the amount of O2 

consumed in this process. This explains the term BOD5 (biochemical 

oxygen demand on five days). Unpolluted waters typically contain 

BOD5 values of 2 mg/l or less, while raw sewage could have a 

BOD5value of about 600 mg/l.  

According to Odum, (1971) Biological Oxygen Demand 

(BOD) and Chemical Oxygen Demand (COD) are the significant 

parameter of pollution. Various researches shows that due population 

explosion and rapid urbanization, people dependent on water sources 

of unconvinced quality in the absence of better alternatives, or due to 

economic and technological constraint to adequate treat the available 
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water before use (Anna and Adedipe, 1996; Calamari and Naeve, 

1994).The scarcity of clean of water and pollution of fresh water has 

therefore led to a situation in which one - fifth of the urban dwellers 

in developing countries and three - quarter of their rural dwelling 

population do not have access to reasonably safe water supplies 

(Lloyd and Helmer, 1992). 

Gamedze et al., (2012) shows that colour, taste, smell and 

turbidity are the quality parameters mostly used by rural households 

to determine water suitability for domestic use. Most ground water 

sources were found to have saline water due to low ground water 

recharge in the area. Water quality remains a sustainable development 

challenge in the rural areas of Swaziland. 

According to Abbasi et al., (1996) and Rao et al., (1985) an 

inverse relationship between Dissolved Oxygen (DO) and BOD and 

these values indicate the lowest biological activity in winter months. 

According to Rao, (1997) drinking water usually has a BOD of less 

than 1 mg/l and water is considered to be fairly pure with BOD of 

3mg/l and of doubtful purity when the BOD values reach 5 mg/l. 

According to Chapman and Kimstach, (1992) Dissolved 

Oxygen (DO) is used to measure the amount of gaseous oxygen 

dissolved in the water, which is crucial for all forms of aquatic life. 

DO in water mainly appear by diffusion from the atmosphere and also 

from the photosynthesis of aquatic plants.  

Coliforms are the major microbial indicator of monitoring 

water quality (Brenner et al., 1993 and Grant, 1997). The detection of 

Escherichia coli (E. coli) provides definite evidence of fecal 
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pollution; in practice, the detection of thermotolerant (faecal) coliform 

bacteria is an acceptable alternative (WHO, 1997). 

According to the United Nations (UN) and WHO, (1996) data, 

more than five million people die annually from water borne diseases. 

Of these, about four million deaths (400 deaths/hr) are of children 

below age five (WHO, 1996). Most of the pollution in drinking water 

is caused by the uptake and distribution system, by insufficient 

upkeep of sewage system, by defects and breaks in the disinfection 

processes (Scoglio et al., 1989), by human and animal fecal matter 

(Clark et al., 1982). The fecal coliform and E.coli has been used an 

indicator for the potential presence of human enteric pathogen for 

many years, as it proliferates in the water distribution system (Moe et 

al., 1991). 

The parameters recommended by WHO, (2003) for the 

minimum monitoring of community supplies are those that ensure the 

hygienic state of water and reduce the risk of water-borne pathogens. 

The essential parameters of water quality are: (a) Escherichia coli and 

thermo-tolerant coliforms accepted as suitable substitutes, (b) chlorine 

residual (c) pH and (d) turbidity (WHO, 2003). The coliform groups 

of bacteria principally infect water used for domestic, industrial or 

other purposes (Zamaxaka et al., 2004). High levels of coliform 

counts indicate a contaminated source and inadequate treatment 

deficiencies. 

According to Watson and Cichra, (2006) organic matter also 

stimulates the growth of decomposers such as bacteria and fungi. 

Bacteria and fungi are very critical to the breakdown of the toxic 
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component of the effluent. It has been observed that dissolved oxygen 

in water is required during the decaying of the organic matter, which 

may lead to depletion of oxygen in the water body and cause harmful 

substance to accumulate.  

Many researchers Tona et al., (1998), Samy and Ignacimuthu, 

(2000), Palombo and Semple ( 2001), Kumaraswamy et al., (2002),  

Govindarajan et al., (2006) indicated that plants are important source 

of potentially useful structures for the development of new 

chemotherapeutic agents. Plants show antiviral, antibacterial, 

antifungal, anthelmintic, antimolluscal and anti-inflammatory 

properties.  

According to Indu et al., (2006)  that some medicinal plants 

might indeed be potential sources of new antibacterial agents even 

against some antibiotic-resistant strains significant increase in the 

inhibitory zone was observed by increasing the concentration of the 

extract. 

Purohit et al., (1995) have screened out antimicrobial activity 

of various extracts of Evolvulus alsinoides (Convolvulaceae) and they 

found that there is no selective inhibition of any specific organism 

and all the extracts were showing less or moderate activity against all 

the bacteria and fungus. 

Gislene, (2000) screened out the antibacterial activity of some 

plant extracts and phytochemicals on antibiotics resistant bacteria. 

The highest antibacterial potential was observed from the extracts of 

Caryophyllus aromaticus and Syzygium jambolanum. 
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Parvathamma and Shanthamma, (2001) was found that A. 

sativum possess maximum inhibitory action against S. typhimurium 

and S. aureus. It was concluded by him that A. sativum is a broad 

spectrum antimicrobial agent. 

Rafi et al., (2005) was tested antimicrobial activity of leaf 

extracts of Moringa concanensis against Staphylococcus aureus, S. 

pneumonia, Streptococcus mutants, E. coli, S. typhi, K. pneumonia 

and P. aeruginosa. It was revealed that that the ethanolic extract 

showed maximum inhibitory effect and S. aureus was most sensitive 

bacteria. 

Parekh, et al., (2006) was tested antibacterial activity of 12 

medicinal plants against Bacillus cereus, S. aureus, K. pneumonia, E. 

coli, Pseudomonas pseudolacaligenes. The preliminary screening 

experiment revealed that methanol extract were more potent than 

aqueous extract and Bauhinia variegata exhibited. 

According to Varghese et al., (2009) Methanolic leaf extracts 

of Typha angustifolia and the isolated compounds were subjected to 

the antimicrobial activity against both bacteria like E. coli and 

Staphylococcus aureus by disc diffusion method. It was compared 

with standard drug. Methanolic extract and isolated compounds were 

found to possess potent antibacterial activity. 

Phytochemical characterization using various solvent extracts 

was studied by Neha grover et al., (2013) indicate that various 

extracts of the leaf and flower of Woodfordia fruticosa were screened 

for the presence of steroids, reducing sugars, alkaloids, saponins, 

tannins, flavonoids, terpenoids, anthraquinones, glycosides and  
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ascorbic acid by standard qualitative test procedures and further this 

study was extended by analyzing the potent bioactive compounds in 

the methanolic extract of Woodfordia fruticosa leaves using GC-MS 

analysis. It was found that most of the biologically active 

phytochemicals were present in the methanolic extract of Woodfordia 

fruticosa leaves. The GC-MS analysis revealed the presence of 

twenty one compounds in the methanolic leaf extract of Woodfordia 

fruticosa. The major costituents were Di-N-Octyl Phthalate; Dibutyl 

phthalate; Hydrocinnamic acid; 3,5-bis(1,1-dimethylethyl)-4-

hydroxy- ; 2-Propanol, 1-(2-butoxyethoxy)- and Caryophyllene 

Oxide, along with other minor constituents. Results confirmed the 

presence of therapeutically potent compounds in the leaf extract 

predominantly tannins and terpenoids. 

Dalen M.B. et al., (2009) reported that phytochemical analysis 

of Moringa oleifera seeds indicates the presence of saponnins, 

flavonoids and alkaloids. Insrumental analysis showed also the 

presence of sodium (15.21+0.10ppm), aluminum (12.21+0.012) 

potassium (14.21+0.013ppm) and sulphate (1.72+0.011 ppm).  Jar 

test trials on raw water samples displayed favorably characteristics at 

60% alum to 40% Moringa oleifera mg/l blend with total coliform 

count of 30ml-1 and turbidity of 3.2NTU below the WHO maximum 

permissible limit of 5NTU. The results indicate that Moringa oleifera 

has a double advantage compared to commercial alum because of the 

presence of phytochemicals which have been reported to possess 

antimicrobial properties with potentials for conjunctive use with alum 

for water purification in rural communities. 
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According to Lengauer and Rarey, (1996) in the field of 

molecular modeling, docking is a method which predicts the preferred 

orientation of one molecule to a second when bound to each other to 

form a stable complex. Knowledge of the preferred orientation in turn 

may be used to predict the strength of association or binding affinity 

between two molecules using for example scoring functions. In the 

context of molecular modeling, docking means predicting the 

bioactive conformation of a molecule in the binding site of a target 

structure. 

Verkhivker et al., (2000); Totrov and Abagyan, (1997) reported 

that docking is used as a tool in structure-based drug design as well as 

in SBVS. The associations between biologically relevant molecules 

such as proteins, nucleic acids, carbohydrates, and lipids play a 

central role in signal transduction. Therefore docking is useful for 

predicting both the strength and type of signal produced. Docking is 

frequently used to predict the binding orientation of small molecule 

drug candidates to their protein targets in order to in turn predict the 

affinity and activity of the small molecule. Hence docking plays an 

important role in the rational design of drugs. 

Kitchen et al., (2004) given the biological and pharmaceutical 

significance of molecular docking considerable efforts have been 

directed towards improving the methods used to predict docking. 

According to Rollinger et al., (2008) virtual screening is a 

computational approach utilized inside medication discovery 

research. The in silico measurement of big ligand libraries associated 

with substance buildings in order to determine those structures almost 
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certainly to stimulation to drug target, protein receptor or enzyme. 

Virtual screening helps in the identification of small novel molecule 

that binds to target protein that useful for recent step in drug 

discovery. 

Bhavisha rabadiya and Paresh rabadiya (2013) reported that 

capsule is most preferable dosage form. Till now gelatin is widely 

used as a capsule shell material for the preparation of hard gelatin and 

soft gelatin capsule.  

In developing countries people do not have access to adequate 

sanitation facilities and the most important problem is related to the 

disposal of non degraded waste and waste-water (Ayaz et al., 2001). 

In case of developing countries high costs of infrastructure 

investment, continual replacement facilities, lack of efficient 

treatment technologies and financial problems become the main 

constraints in the path of pollutants management (Brix, 1994). Thus 

there is a critical need of cost-effective long-term treatment 

technologies to deliver public health and environmental protection in 

developing countries. 

Hence an analysis and review of available literature reveals that 

biocoagulant activity of studied plants has been little explored. 

Antibacterial activity in general and studies about of the antibacterial 

activity the studied plants will be made considering and important 

aspect of medico Ethnobotany. 

Review of literature indicate that there are lot of work done on 

effect of plant based coagulants on water quality but there was very 

little work regarding GCMS analysis and Molecular modeling.  



 
 
 
 
 
 
 

CHAPTER – 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

MATERIAL & METHOD 



 
Material and Methods 

 

39 
 

Material and Methods 

The materials and methods of present work on water 

purification are divided into four parts. The first part deals with seed 

collection of selected biocoagulant test plants Cicer arietinum L., 

Jatropha curcas L., Moringa oleifera L., Strychnos potatorum L. and 

their phytochemical and antimicrobial activity evaluation. The second 

part deals with water quality analysis including physiochemical 

parameters after treatment with biocoagulants. 

Third parts deal with separation and identification of plants 

phytochemicals using Gas Chromatography-Mass Spectroscopy (GC-

MS) analysis. Fourth parts deal with molecular docking of 

compounds identified by GC-MS that help to identify coagulants 

compounds. It also associated with formulation of seed powder 

capsule formulation. 

PART-A 

For the study of phytochemical analysis the extract of Cicer 

arietinum L., Jatropha curcas L., Moringa oleifera L., Strychnos 

potatorum L. plants is analyzed for the presence of Alkaloids, 

Phenolics, Saponins, Steroid and flavonoids, according to standard 

methods Odebiyi and sofowora, (1978); Sofowora, (1982); 

Williamson e (1996); Banso and Ngbede, (2006 and 2008). 

Seed Collection: Riped fruits (pods) of Cicer arietinum L., 

Jatropha curcas L., Moringa oleifera L.  and Strychnos potatorum L. 

collected from different certified seed suppliers. 
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Sample Treatment: For the study of phytochemical analysis, 

the ethanol extract of the plant seed powder prepared according to 

standard methods (Sofowora, 1982). The seeds are peeled to obtain 

the nuts and dried in an oven for 1hours and thereafter grind the dried 

seeds and sieved to mesh size of 150 pm. Transfer the powdered 

material in to solvent extractor and extract it with 95% ethanol for 72 

hours. Dried extract kept in refrigerator at 4ºC for their future use in 

phytochemical analysis. 

PHYTOCHEMICAL ANALYSIS: 

In phytochemical evaluation solvent extracted seed powder of 

Cicer arietinum L., Jatropha curcas L., Moringa oleifera L., 

Strychnos potatorum L. are subjected to phytochemical screening of 

various plant constituents.  

Plants synthesize an enormous range of organic compounds 

that are traditionally classified as primary and secondary metabolites. 

Primary metabolites are compounds that have essential roles 

associated with photosynthesis, respiration, growth and development. 

These include phytosterols, lipids, nucleotides, amino acids and 

organic acids. Other phytochemicals which accumulate in 

surprisingly high concentrations in some species are referred to as 

secondary metabolites. These are structurally diverse and many are 

distributed among a very limited number of species within the plant 

kingdom such as alkaloids, glycosides, terpenoids, flavonoids and 

saponins.  
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Detection of alkaloids: 

A small portion of the extract was stirred separately with a few 

drops of dilute hydrochloric acid and filtered. The filtrate was 

carefully tested with various alkaloidal reagents such as Mayer’s 

reagent, Dragondroff’s reagent, Hager’s reagent and Wagner’s 

reagent. Appearance of cream coloured precipitate shows the 

presence of alkaloids. 

Detection of phenolics:  

Small quantity of various extracts were taken separately in 

water tested for the presence of phenolic compounds with dilute ferric 

chloride solution (5%) and lead acetate solution (10%). Appearance 

of deep blue-black colour and white precipitate indicate the presence 

of phenolics. 

Detection of flavonoids:  

A fraction of the extract treated with 1N aqueous NaOH 

solution and concentrated sulphuric acid. Appearance of yellowish 

orange colour shows the presence of flavonoids. 

Detection of steroids and terpenoids: 

A small amount of sample dissolved in 2ml of chloroform 

taken in a dry test tube. Add equal volume of concentrated sulphuric 

acid and shake gently. The presence of steroids and terpenoids 

indicated by the upper layer of chloroform turning red and lower layer 

showing yellow green fluorescence. 
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Detection of saponins:  

In a test tube add about 5ml of extract and add a drop of 

sodium bicarbonate. Shake mixture   vigorously and kept for 

3minutes. The formation of a honey comb like froth showed the 

presence of saponins. 

ANTIMICROBIAL ACTIVITY OF PLANT EXTRACT: 

Successful prediction of phytochemical compounds from plant 

material is largely dependent on the types of solvent used the 

extraction procedure. Studies shows that methanol and ethanol extract 

of plants were certainly much better and powerful. This may be due to 

the better solubility of active compounds in organic solvent. 

Preparation and dilution of plant sample: 

Take 10g of the seed powder of each Cicer arietinum L., 

Jatropha curcas L., Moringa oleifera L., Strychnos potatorum L. 

plant samples and homogenized with 100ml of the respective 

solvents. The crude preparation left overnight in the shaker at room 

temperature and then centrifuged at 4000rpm for 20mins. Take 

supernatant the supernatant containing the plant extract.  Transfer 

supernatant to a pre- weighed beaker and evaporate the solvent at 

60°C. Weigh the crude extract and dissolved in a known volume of 

dimethyl sulphoxide to obtain a final concentration of sample. 

Recovery of lyophilized cultures: 

Disinfect the ampule by wiping with 70% ethanol.  Heat the tip 

of the outer vial in a flame.  Add a few drops of water on the hot tip to 
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crack the glass. Aseptically add 0.2–0.5 ml of sterile water. Using a 

sterile pipette, gently aspirate the contents several times to mix the 

suspension thoroughly. Let the suspension to rest for 15-30 minutes. 

Inoculate the suspension onto an appropriate medium and incubate. 

Antibacterial assay:   

Method used for the measurement of antibacterial activity of 

plants seed extracts against Escherichia coli, Bacillus subtilis and 

Pseudomonas aeruginosa that was agar well diffusion assay. 

Mueller-Hinton Agar media composition: 

Beef infusion: 300.0 gm, Casamino acids: 17.5 gm, Starch: 1.5 

gm, Agar: 17.0 gm 

Distilled water: 1000  ml, pH:7.4 

Procedure: 

Prepare Muller Hinton Agar medium by dissolving all medium 

constituents. 

1. Autoclaved the medium at 15 lbs pressure at 121°C 

for 15 minutes.  

2. The autoclaved medium mixed well and add test 

organism and poured onto petriplates (25-30ml/plate) 

while still molten. 

3. After solidification of medium cut wells and add 20 µl 

of the plant extracts to each well.  

4. Incubate these plates   at 37°C for 24 hours.   

5. Chloramphenicol disc used as a positive control. 
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6. Observed zone formed around the well to detect 

antimicrobial activity. 

Measure   the diameter of the inhibition  zone formed around 

the well to detect antimicrobial activity and compared with control. 

PART-B 

For the present study, physic-chemical and bacteriological 

characters of water parameters of sample water were observed. For 

the analysis of various physico-chemical parameters were determined 

by following methods devised by APHA, (1976); Adoni, (1985); 

Trivedy and Goel, (1984) and Gupta, (2006). 

Collection of Water Samples: - 

Water samples were collected from Chambal river during rainy 

season. Precautions were taken to prevent any vertical disturbance 

during the collection. The water samples were collected in 

presterilized bottles. For collection of water following method is 

adopted. Samples were collected from at least 2 to 3 meter away from 

the boundaries of river. For this purpose a pre-sterilized bottles was 

tied at one end of a long bamboo pole and collect the sample after 

displaying surface water which might contain organic floating over it. 

After filling, the bottle the cap was placed tightly, the name, address, 

sample number, identification mark etc, was provided on the bottle. 

Various methods were used for physico-chemical analysis of the 

surface water. 
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WATER QUALITY ANALYSIS: 

Water from selected sites of rivers was collected and analyzed 

for various physical parameters viz. clearity, odour, colour, pH, 

turbidity, alkalinity, dissolved oxygen and biochemical oxygen 

demand.  Study to know about palatability of water the standard 

quality and was compared to the table approved by Bureau of Indian 

Standard for drinking water. 

Jar Test 

To perform jar test 1g each of plant powder dissolved in 

separate 100ml of distilled water as stock solutions. 200ml of raw 

sample water were measured and introduced into beakers labeled 1-7. 

With a calibrated pipette, each stock solution dosages of solutions 

were added onto the water samples in the beakers as rapidly as 

possible. Mix contents for 2 minute at a speed of 100rpm, followed 

by slow mixing for 8mins at 25 rpm. Observe the beakers and 

evaluated for specific dosages and flock quality. Turned off the jar 

test mixer and the flocks allowed to settle in the beakers for 30mins 

and observe flocks settling characteristics. 

pH determination: 

The term pH refers to the measure of hydrogen ion 

concentration in a solution and defined as the negative log of H+ ions 

concentration in water and wastewater. The values of pH 0 to a little 

less than 7 are termed as acidic and the values of pH a little above 7 

to 14 are termed as basic. 
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pH of water sample was measured by toshniwal manufactured  

CL 54  pH meter. Before using the pH meter it is necessary to 

eliminate the error. The meter was earlier calibrated against the 

known buffer solutions of 7.0 pH and 9.2 pH. 

Turbidity of water: 

Turbidity is the technical term referring to the cloudiness of a 

solution and it is a qualitative characteristic which is imparted by 

solid particles obstructing the transmittance of light through a water 

sample. Turbidity often indicates the presence of dispersed and 

suspended solids like clay, organic matter, silt, algae and other 

microorganisms. 

Turbidity of water sample was measured by century made CTD 

401 digital turbidity meter usind Nephelometry-US EPA method. 

Method: 

Take clean sample cell and add turbidity free distilled water up 

to the horizontal mark. Wipe gently with soft tissue. Place sample cell 

in the turbidity meter such that the vertical mark in the sample cell 

should coincide with the mark in the turbidity meter and cover the 

sample cell. Now adjust the reading to zero using the set zero knob. 

Prepare a standard 10 NTU, 100 NTU solutions by diluting the 

standard 4000 NTU solution. Add standard solutions to the sample 

cells up to the horizontal mark, wipe gently with soft tissue. Place it 

in the turbidity meter and cover the sample cell. Now check reading 

10 NTU, 100 NTU. If the instrument is not showing 10 NTU, 100 
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NTU, using the calibration knob adjust the reading. Fill sample water 

in sample cell and check turbidity of sample. 

Total alkinity determination: 

Alkalinity was determined titrimetrically with (0.02 N) 

sulphuric acid, using the phenolphthalein and methyl orange as 

indictor. Carbonate and bicarbonate were calculated by the method as 

given by Adoni, (1985) and APHA, (1976). 

Method:  

Rinse the burette with 0.02N Sulphuric acid and discard the 

solution. Fill the burette with 0.02N sulphuric acid and adjust it to 

zero. Using a measuring cylinder exactly measure 100 ml of sample 

and pour it into a 250 ml of conical flask. Add few drops of 

phenolphthalein indicator to the contents of conical flask. The colour 

of the solution will turn to pink. This colour change is due to 

alkalinity of hydroxyl ions in the water sample. Titrate it against 

0.02N sulphuric acid till the pink color disappears. This indicates that 

all the hydroxyl ions are removed from the water sample. Note down 

the titter value (V1). The value of titration is 0.5ml .This value is used 

in calculating the phenolphthalein alkalinity. To the same solution in 

the conical flask add few drops of mixed indicator. The colour of the 

solution turns to blue. This colour change is due to CO3
2-& HCO3

- 

ions in water sample. Continue the titration from the point where 

stopped for the phenolphthalein alkalinity. Titrate till the solution 

becomes red. The entire volume (V2) of sulphuric acid is noted down 

and it is accountable in calculating the total alkalinity. 
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Calculation:  

 takensample of Volume
1000 50X XNormality  X SOH of Volume  Alkalinity Total 42  

Normality of Sulphuric Acid =  0.02 N  

Volume of Sample   = 50 mL 

Biological Oxygen Demand (BOD) determination: 

The biochemical oxygen demand determination is a chemical 

procedure for determining the amount of dissolved oxygen needed by 

aerobic organisms in a water body to break the organic materials 

present in the given water sample at certain temperature over specific 

period of time. BOD of water or polluted water is the amount of 

oxygen required for the biological decomposition of dissolved 

organic matter to occur under standard condition at a standardized 

time and temperature. 

All reagents needed for measuring of dissolved oxygen were 

also used in BOD estimation by APHA standerd method 5210B, 

(1976). Three oxygen bottles were filled with the water sample to be 

analyzed. To the first bottle, Winkler’s reagents was added 

immediately just after the sample collection. The rest two bottles were 

sealed immediately without letting the air bubble go in and were kept 

in the incubator at 20 o C for five days (BOD5). At the end of fifth 

days, the amount of dissolved oxygen was measured in each of the 

bottles. In the polluted samples, the dissolved oxygen was completely 

used up after five days incubation period, or 70 % of the initial 

oxygen is consumed, it was necessary to aerate and dilute the water 

sample. 
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Calculation: 

 Let DO = DO  in the sample bottle on   0th day. 

  D1  = DO  in the sample bottle on    5th day. 

 C0  = DO  in the blank bottle on      0th day 

 C1  =  DO in the blank bottle  on     5th day. 

 C0 – C1  =   DO depletion in the dilution water alone. 

 D0 – D1 = DO depletion in sample + dilution water. 

 (D0 – D1) – ( C0 – C1 ) = DO depletion due to microbes.  

BOD mg/l =   (D0 – D1) – ( C0 – C1 )  mg x Decimal fraction of 

sample used. 

If the sample is seeded, find out BOD of seed in the above 

manner and apply correction, as per demonstration. 

PART-C 

The separation and screening of phytochemicals that have 

natural coagulant property present in seed powder of each Cicer 

arietinum, Jatropha curcas, Moringa oleifera, Strychnos potatorum 

plant samples was carried out by taking plant extract on Gas 

Chromatography Mass Spectroscopy. 

Gas Chromatography-Mass Spectroscopy (GC-MS) analysis: 

A sample of the analyte is introduced by syringe injection into 

the heated injector tube, where it is vaporized and mixed with carrier 

gas. As the sample vapor is carried through the column by the carrier 

gas, the analyte partitions between the gas and liquid phases 

according to the analyte components solubility in the liquid at the 

column operating temperature. Each component travels at a 
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characteristic rate, and if the column has sufficient length and 

resolving power, the sample will be completely separated by the time 

it reaches the detector. 

The detector located at the column exit is the ITD mass 

spectrometer. It records the total number of ions entering the mass 

analyzer from the column. The chromatogram produced is called the 

total ion chromatogram. Each point in the chromatogram is a mass 

spectrum. Each component is identified by comparing its "retention 

time", the length of time that it remains in the column, to that of a 

standard. The retention time of a vapor depends on the column 

temperature limits and ramp rate, the column length, type of 

stationary phase, and carrier gas velocity.  

The screening of phytochemicals was carried out by taking 

plant extract on Gas Chromatography Mass Spectroscopy (GC-MS - 

Model; QP 2010 series, Shimadzu, Tokyo, Japan) equipped with 

Silica capillary column of 30 m length, 0.25mm diameter and 0.25µm 

film thickness. For GC detection an electron ionization system with 

ionization energy 50eV was used. Helium (99.99%) gas was used as 

carrier gas at a linear velocity 40.5 cm/sec. The total flow, column 

flow and purge flow were 16.3 ml/min, 1.21ml/sec and 3.0ml/min. 

respectively, at a pressure 81.9 KPa. The column oven temperature 

and injector temperature were set at 80.0oC and 250.0oC respectively. 

The identification of compounds was assigned by comparison of their 

retention indices and mass spectra fragmentation pattern obtained in 

GCMS chromatogram with those stored in computer libraries and 

also with published literature. 
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PART-D 

Molecular docking of compounds identified by GC-MS: 

Molecular docking is a method whish predicts the preferred 

orientation of one molecule to a second when bound to each other to 

form stable complex. Molecular docking predicts binding 

conformation of small molecule legend to appropriate target binding 

site. The obabel command line program converts chemical objects 

such as molecules or reactions from one file format to another. The 

Open Babel graphical user interface (GUI) is an alternative to using 

the command line and has the same capabilities. Since Open Babel is 

available cross-platform on Windows, Linux and MacOSX. 

Application includes interconversion of chemical file formats or 

representations, addition of hydrogens, generation of 3D molecular 

structures, calculation of partial charges and generation of molecular 

fingerprints.  

Method:  

1. Download .sdf file from NCBI and save in folder.  

2.  Select the type of the type of the input file from the 

dropdown list. 

3.  Click the “select” button and select the file. Its contents 

are displayed in the textbox below. 

4.  Choose the output format and file in a similar way. You 

can merely display the output without saving it by not 

selecting an output file or by checking “Output below 

only”. 

5.  Click the “Convert” button and save file. 
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Molecular visualization using RasMol:  

RasMol  is a public domain program that can be used to view 

molecular structures in 3-D perspective. It is an easy program to use. 

It does have research applications, and can be used to view the 

structure of macro-molecules like proteins, nucleic acid. We shall be 

using this program to understand basic molecular structure principles. 

Procedure: 

1.  Get the software by using Internet browser. 

2. Go to the course home page and click on software 

downloads click on RASMOL.  

3. Notice or set where the file "RASMOL.EXE" gets saved. 

Then click ok. What you get is a "self exploding" 

compressed file.  

4. Install the Software. On your own PC, use My Computer 

to locate RASMOL.EXE.  

5. Double-left-click on the file name. Edit the "Extract To:" 

window to specify some NEW folder/directory, such as 

C:\Programs\Rasmol. Click "Extract" and then Click 

"Yes".  

6. Double click the icon to open the program then click file, 

Open, select (click) any file (.pdb), click ok.  

7. Click display ball & stick or spacefill. By using left-click 

drag across the top of the molecule to rotate it. 
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Capsule formulation of plant seed powder: 

Encapsulation use to enclose medicinal importance constituent 

in a relative stable shell known as capsule. Empty hard gelatin used to 

pack plant seed powder. For preparation plant filtered seed powders 

weigh in appropriate amount and pour seed powder into the base. 

Place cover onto the base. To avoid contamination use aseptic 

manipulation techniques was followed. 

To test the biocoagulant activity of medicinally important 

plants four plants were selected after screening. 

1. Cicer arietinum L.:  

Belong to family Fabaceae is an annual herb is native of India. 

Cicer arietinum which is most commonly called as chick pea or 

Indian gram is an edible legume. 

Medicinal Importance: 

Cicer arietinum is found most effective natural coagulant of 

turbid water. Cicer arietinum is cheap, easily cultivable and available. 

On the other hand naturally occurring coagulants are biodegradable 

and presumed safe for human health. Cicer arietinum contains good 

amount of protein and is very much responsible for building body and 

it also promotes growth. It is also a good anti bacterial and anti fungal 

agent. It is very widely used in enhancing beauty. It is an excellent 

herbal supplement for hairs and also nourishes the scalp. It is also 

used in skin ailments. It is also a good liver stimulant and also keeps a 

check on the digestive system. 
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2. Jatropha curcas L.: 

Jatropha curcas, commonly known as physic nut and Ratanjot 

belongs to the Euphorbiaceae family. Jatropha curcas is a 

monoecious shrub or small tree of on average 3-5 and up to 8 m 

height. Jatropha grows in arid and semi-arid areas therefore known as 

drought tolerant, but for seed production sufficient water is needed.  

Medicinal Importance: 

The potential for jatropha to provide a renewable source of 

energy technically exists, and different forms of energy can be 

produced from different components of the plant. It also shows 

antimicrobial activity. Jatropha  plant used for the treatment of 

different ailment. It also used for wound healing and inflammation. 

3. Moringa  oleifera L.: 

Moringa oleifera belongs to family Moringaceae is a nontoxic 

tropical multipurpose tree that is commonly known as the miracle tree 

found throughout India. Common name of Moringa oleifera is 

drumstick tree, horseradish tree and senjana. 

Medicinal Importance: 

Among many other properties, M. oleifera seeds contain a 

coagulant protein that can be used either in drinking water 

clarification or wastewater treatment. It is said to be one of the most 

effective natural. It has an impressive range of medicinal uses with 

high nutritional value. Different parts of this plant contain a profile of 

important minerals, and are a good source of antioxidants, protein, 
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vitamins, beta-carotene, amino acids and various phenolics 

compounds. It also shows antibacterial and antifungal activity.  

4. Strychnos  potatorum L.:  

Strychnos potatorum belons to family Loganiaceae. Strychnos 

potatorum is a moderate sized tree found in southern and central parts 

of India. Common name of Strychnos potatorum are clearing nut tree, 

nirmala and nirmali. 

Medicinal Importance: 

The plant has a variety of local medicinal uses and is also used 

locally to clarify water prior to drinking it. Strychnos potatorum 

reduce turbidity and used as a biocoagulant for water purification. 

Seeds of Strychnos potatorum used in the treatment of gonorrhea, 

leucorrhea, chronic diarrhea diabetes and eye disease. Strychnos 

potatorum show considerable antimicrobial activity against both 

bacteria and fungi. 

 



PLATE - 1

Plant Seeds Selected for Analysis of Natural Coagulant Activity

1.1:- L. Seeds and PlantCicer arietinum

1.2:- L. Seeds and PlantJatropha curcas



PLATE - 2

Plant Seeds Selected for Analysis of Natural Coagulant Activity

2.1:- L. Seeds and PlantMoringa oleifera

2.2:- L. Seeds and PlantStrychnos potatorum



PLATE - 3

Showing Some Instruments Used During Phytochemical Analysis

3.1:- Soxhlet Extractor

3.3:- Turbidity Meter 3.4:- pH Meter

3.5:- GC-MS Instrument

3.2:- Water Bath
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observation and results 

The observation and result of present work on water 

purification are divided into four parts. The first part deals with 

phytochemical and antimicrobial activity evaluation of biocoagulant 

test plants Cicer arietinum, Jatropha curcas, Moringa oleifera and 

Strychnos potatorum. The second part deals with water quality 

analysis including physiochemical parameters after treatment with 

biocoagulants. Third parts deal with separation and identification of 

plants phytochemicals using Gas Chromatography-Mass 

Spectroscopy (GC-MS) analysis. Fourth parts deal with molecular 

docking of compounds identified by GC-MS that help to identify 

coagulants compounds and formulation of seed powder capsule 

formulation. 

PART-A 

In present investigation various plant species has been selected 

as a biocoagulants belongs to different plant families and subjected to 

phytochemical screening of various plant constituents which are 

illustrated on figures. 

Phytochemical analysis: 

In phytochemical evaluation solvent extracted seed powder of 

Cicer arietinum, Jatropha curcas, Moringa oleifera and Strychnos 

potatorum (Table-3) are subjected to phytochemical screening of 

various plant constituents.  
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Table : 3. Plants Seed Selected for Biocoagulant Activity Analysis 
 

S. No. Name of plant 

1.  Cicer arietinum 

2.  Jatropha curcas 

3.  Moringa oleifera 

4.  Strychnos potatorum 

The polarity of the solvent play an important role in the 

extraction of active plant extracts as shown by the higher yields 

obtained. Percent yield of secondary metabolite of each sample were 

estimated in ethanolic extract.  For this purpose filtered plants seed 

powder was taken in the amount of 20 gm. Ethanolic extract of Cicer 

arietinum obtained was 1.12 gm and percent yield was 5.6. Jatropha 

curcas ethanolic extract obtained weight was 0.86 gm and percent 

yield of ethanolic extract was 4.3. Moringa oleifera weight of extract 

was 1.81gm and ethanolic extract gave percent yield 9.0.  Strychnos 

potatorum obtained weight of extract was 2.12gm and percent yield 

was 10.6. Two types of texture were observed that is oily and 

gummy. Likewise colour of extract yellowish brown to brown colour 

was recorded (Table-4, Figure-3A). 

Percent yield of secondary metabolite of each plant seed 

powder were also estimated in methanolic extract. For this purpose 

plant material of each sample was taken in the amount of 20 gm. 

Methanolic extract of Cicer arietinum obtained was 2.56 gm and 

percent yield was 12.8. Jatropha curcas mthanolic extract obtained 

weight was 0.72 gm and percent yield of methanolic extract was 3.6. 
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Moringa oleifera weight of extract was 2.24gm and methanolic 

extract gave percent yield 11.2.  Strychnos potatorum obtained weight 

of extract was 2.48gm and percent yield was 12.4. Two types of 

texture were observed that is oily and gummy. Likewise colour of 

extract Yellowish brown to brown colour was recorded (Table 5, 

Plate- 4). This difference may be due to various reasons like 

differences in plant constituents in different plant species, time of 

sample collection or other geographical factors. 

Table : 4. Percent Yield of Secondary Metabolites in Ethanolic Extract 
 

Sample 
Weight of 

plant 
material 

Weight 
of 

extract 
% Yield Texture Colour 

Cicer 
arietinum 20 1.12 5.6 ± 0.29 Oily 

gum 

 
Yellowish 

Brown 
 

Jatropha 
curcas 20 0.86 4.3 ± 0.66 Oily 

gum 

Dark 
Brown 

 

Moringa 
oleifera 20 1.81 9.0 ± 0.76 Gummy Brown 

 

Strychnos 
potatorum 20 2.12 10.6±0.43 Gummy Yellowish 

Brown 

 
 
 
 



FIGURE-3
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Comparision of Percent Yield Obtain after Ethanolic
Solvent Extraction of Natural Plant Coagulants
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Table : 5. Percent Yield of Secondary Metabolites in Methanolic Extract 
 

Sample 
Weight of 

plant 
material 

Weight 
of 

extract 
% Yield Texture Colour 

Cicer 
arietinum 20 2.56 12.8 ±  

0.75 
Oily 
gum 

Yellowish 
Brown 

Jatropha 
curcas 20 0.72 3.6 ±  

0.63 
Oily 
gum 

Dark 
Brown 

Moringa 
oleifera 20 2.24 11.2 ±  

0.58 Gummy Brown 
 

Strychnos 
potatorum 20 2.48 12.4 ±  

0.46 Gummy Yellowish 
Brown 

Various secondary metabolites or phytochemical constituents 

like Alkaloids, Flavanoids, Phenol, Saponin, and Steroids were also 

assessed for different plant seed solvent extract. In Cicer arietinum all 

component present except phenol in ethanolic extract. Alkaloid and 

steroids were absent in methanolic extract. In Jatropha curcas  

Saponin in ethanolic and methanolic extract was absent but 

Flavanoids and Phenol were present in higher amount in methanolic 

extract. In Moringa  oleifera Saponin was absent in both ethanolic 

and methanolic extract. Whereas Phenol in ethanolic extract was 

present in higher amount. In Strychnos potatorum all components 

were shown their presence in both ethanolic and methanolic extract 

(Table 6, Plate 4 & 5).  
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Table : 6.  Phytochemical Analysis of Components of   
Plant Seeds Solvent Extract  

 

Phyto 
chemicals 

Cicer 
arietinum 

Jatropha 
curcas 

Moringa 
 oleifera 

Strychnos 
potatorum 

 
 EtoH MeoH EtoH MeoH EtoH MeoH EtoH MeoH 

Alkaloids + - + + + + + + 

Flavanoids + + ++ + + + + + 

Phenol - + ++ + ++ + + + 

Saponin + + - - - - + + 

Steroids + - + + + + + + 

 
++: Highly present  +: Slightly present  - : Absent 

Antibacterial activity of plant seed extract: 

Antimicrobial properties of each experimented plants 

methanolic extract was also studied in present investigation. 

Preliminary screening of plant antibacterial activity was performed 

against Bacillus subtilis, Escherichia coli and Pseudomonas 

aeruginosa. Methanolic seed powder extract of Cicer arietinum, 

Jatropha curcas, Moringa oleifera and Strychnos potatorum in 

different concentration of 50, 100, 200 mg were tested for 

antibacterial activity against Escherichia coli, Bacillus subtilis and 

Pseudomonas aeruginosa (Plate-7).  

Following incubation the plates were examined for the 

presence of growth inhibition which was indicated by a clear zone 

surrounding of each well develops of zone called a zone of inhibition. 

For positive control erythromycin 25 mg/l was used. 



PLATE - 4

Showing Phytochemical Analysis of Ethanolic Extract

4.1:- Alkaloids Detection

4.3:- Phenol Detection 4.4:- Saponin Detection

4.5:- Steroid Detection

4.2:- Flavonoids Detection

A: L.
C: L.

Cicer arietinum
Moringa oleifera

B: L.
D: L.

Jatropha curcas
Strychnos potatorum



PLATE - 5

Showing Phytochemical Analysis of Methanolic Extract

5.1:- Alkaloids Detection

5.3:- Phenol Detection 5.4:- Saponin Detection

5.5:- Steroid Detection

5.2:- Flavonoids Detection

A: L.
C: L.

Cicer arietinum
Moringa oleifera

B: L.
D: L.

Jatropha curcas
Strychnos potatorum



PLATE - 6

Showing Biochemical Parameters Testing of Treated and Untreated Water

6.1:- Stock Solution of Plant Seed Powder

6.3:- Alkalinity Determination Using Titration Method

6.2:- Untreated and Treated Water Sample

A: L.
C: L.

Cicer arietinum
Moringa oleifera

B: L.
D: L.

Jatropha curcas
Strychnos potatorum
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Antimicrobial activity of Cicer arietinum: 

Antimicrobial activity of Cicer arietinum maximum inhibitory 

zone size was reported in erythromycin against all bacterial strain  

and minimum was in 50 mg/ml concentration of extract (Table-7, 

Figure-1A).  

Table : 7.  Antimicrobial Properties of Cicer arietinum  
Seed Methanolic Extract 

 

Con of extract 
Mg/ml Zone of inhibition (mm) 

 BS EC PA 

50 2 11 9 

100 6 14 13 

200 9 16 15 

Eryt 25mg/ml 13 27 32 

 
BS: Bacillus subtilis      

EC: Escherichia coli  

PA: Pseudomonas aeruginosa 

Antimicrobial activity of Jatropha curcas: 

Antimicrobial activity of Jatropha curcas methanolic extract 

shown (0 mm) zone size of Bacillus subtilis and Pseudomonas 

aeruginosa were reported in 50 and 100 mg/ml concentration. 

Maximum inhibitory zone size (23 mm) was reported in 200 mg/ml 

against Escherichia coli bacterial strain (Table-8, Figure-1B). 



PLATE - 7

Showing Growth of Pure Culture of Test Organisms
Used for Antibacterial Activity Analysis

7.1:- Escherichia coli

7.3:- Pseudomonas aeruginosa

7.2:- Bacillus subtilis



PLATE - 8

Showing Antibacterial Activity of L.
Plant Seed Extract Against Different Bacteria

Cicer arietinum

8.1:- Escherichia coli

8.3:- Pseudomonas aeruginosa

8.2:- Bacillus subtilis
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Table : 8. Antimicrobial Properties of Jatropha curcas  
Seed Methanolic Extract 

 

Con of extract 
Mg/ml Zone of inhibition (mm) 

 BS EC PA 

50 0 8 0 

100 0 12 0 

200 15 23 10 

Eryt 25mg/ml 15 20 10 

 
BS: Bacillus subtilis      

EC: Escherichia coli  

PA: Pseudomonas aeruginosa 

Antimicrobial activity of Moringa oliferea: 

Antimicrobial properties of Moringa oliferea methanolic 

extract increasing pattern of zone of inhibition was observed for 

Bacillus subtilis and Escherichia coli but Pseudomonas aeruginosa 

maximum zone size (15 mm) was reported in 200 mg/l of extract. 50 

mg/l concentration of extract ineffective against all test organisms 

(Table-9, Figure-2A).  
 



PLATE - 9

Showing Antibacterial Activity of L.
Plant Seed Extract Against Different Bacteria

Jatropha curcas

9.1:- Escherichia coli

9.3:- Pseudomonas aeruginosa

9.2:- Bacillus subtilis



FIGURE-1

Comparision of Antibacterial Activity of L.
Methanolic Seed Extract Against Different Bacterial Strains

Cicer arietinumFig-1A:

Comparision of Antibacterial Activity of L.
Methanolic Seed Extract Against Different Bacterial Strains

Jatropha curcasFig-1B:
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Table : 9. Antimicrobial Properties of Moringa oliferea  
Seed Methanolic Extract 

 

Con of extract 
Mg/ml Zone of inhibition (mm) 

 BS EC PA 

50 0 0 0 

100 14 12 11 

200 16 14 15 

Eryt 25mg/ml 18 16 13 

 
BS: Bacillus subtilis      

EC: Escherichia coli  

PA: Pseudomonas aeruginosa 
 

Antimicrobial activity of Strychnos potatorum: 

Antimicrobial properties of Strychnos potatorum methanolic 

extract increasing pattern of zone of inhibition was observed for 

Bacillus subtilis, Escherichia coli and Pseudomonas aeruginosa. 

Maximum zone size (20 mm) was reported of erythromycin (Table-

10, Figure-2B).  

 



PLATE - 10

Showing Antibacterial Activity of L.
Plant Seed Extract Against Different Bacteria

Moringa oleifera

10.1:- Escherichia coli

10.3:- Pseudomonas aeruginosa

10.2:- Bacillus subtilis
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Table : 10. Antimicrobial Properties of Strychnos potatorum  
Seed Methanolic Extract 

 

Con of extract 
Mg/ml Zone of inhibition (mm) 

 BS EC PA 

50 4 7 8 

100 9 11 13 

200 14 15 16 

Eryt 25mg/ml 16 20 15 

 
BS: Bacillus subtilis      

EC: Escherichia coli  

PA: Pseudomonas aeruginosa 

PART-B 

The water quality observations focused on indicator variables, 

which are illustrated on figures for each plant biocoagulant: 

Water quality analysis: 

Stock solutions of biocoagulants Cicer arietinum, Jatropha 

curcas, Moringa oleifera and Strychnos potatorum were prepared 

through seed powder for each sample was maintained in the amount 

of 100 mg/l. 

Physio-chemical parameters: 

Water samples before and after treatment was estimated in the 

form of colour, odor and clearity. In all samples control was very 



PLATE - 11

Showing Antibacterial Activity of L.
Plant Seed Extract Against Different Bacteria

Strychnos potatorum

11.1:- Escherichia coli

11.3:- Pseudomonas aeruginosa

11.2:- Bacillus subtilis



FIGURE-2

Fig-2A: Comparision of Antibacterial Activity of Moringa L.
Methanolic Seed Extract Against Different Bacterial Strains

oliferea

Fig-2B: Comparision of Antibacterial Activity of L.
Methanolic Seed Extract Against Different Bacterial Strains

Strychnos potatorum
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cloudy in clearity offensive in odor and dirty brown in colour. 

Whereas Moringa oleifera and Strychnos potatorum was similar in 

clarity which was very clear, odorless in odor and totally colourless. 

Jatropha curcas was clear, slightly odorfull and light brown in 

colour. On the other hand sample Cicer arietinum was cloudy clear, 

slightly odorfull and light brown in colour (Table-11). 

Table: 11. Physicochemical Parameters before and after  
Treatment of Water with Seed Powder 

 

Sample Clearity Odour Colour 

Cicer arietinum Cloudy Slight Light brown 

Jatropha curcas Clear Slight Colourless 

Moringa oleifera Very clear Odourless Colourless 

Strychnos potatorum Very clear Odourless Colourless 

Control Very cloudy Offensive Dirty brown 

pH: 

Hydrogen ion concentration plays an important role in the 

biological processes of almost all aquatic organisms. Low pH values 

indicate acidic water having corrosive properties. High pH values 

indicate alkaline properties. pH values  between 6.5 to 8.5 are 

considered acceptable. Two different concentrations (50 mg/l and 100 

mg/liter) were estimated on the behalf of pH before and after 

treatment of water sample. In all samples control shows maximum pH 

in both concentrations (8.22, 8.22). In concentration 50 mg/l of plant 

sample pH of Strychnos potatorum shown maximum pH (8.20) 



 
Observation and Results 

 

66 
 

followed by equally Moringa oleifera and Cicer arietinum (8.15) and 

the minimum concentration was 8.11 of Jatropha curcas. 

On the other hand  the concentration of 100 mg/l maximum pH was 

7.95 of Moringa oleifera which was followed by Strychnos potatorum 

(7.70); Jatropha curcas (7.21) and Cicer arietinum (7.15) 

respectively (Table-12, Figure- 4B). 

Table : 12. Comparative Analysis of pH before and after Treatment 
of Water with Seed Powder 

 

Sample 
pH 

50 mg/l 100 mg/l 

Cicer arietinum 8.15 7.15 

Jatropha curcas 8.11 7.21 

Moringa oleifera 8.15 7.95 

Strychnos potatorum 8.20 7.70 

Control 8.22 8.22 

Turbidity: 

Turbidity refers to the cloudiness of a solution and it is a 

qualitative characteristic which is imparted by solid particles 

obstructing the transmittance of light through a water sample. After 

treatment turbidity was maximum in Jatropha curcas (12.6 NTU) and 

minimum in Moringa oleifera (7.4 NTU). In Cicer arietinum and 

Strychnos potatorum turbidity was estimated (8.4 NTU) and (7.8 

NTU) respectively. Maximum turbidity was examined in control that 

was (54.0 NTU) (Table-13, Figure- 6A). 
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Table : 13. Comparative Analysis of Turbidity Removal of Water 
before and after Treatment with Seed Powder Dosage range (100 mg/l) 

 

Sample 

Initial 
turbidity 
(Before 

Treatment) 

Final 
turbidity 

(After 
Treatment) 

% Removal 

Cicer arietinum 54.0 8.4 ±  0.83 64.2 

Jatropha curcas 54.0 12.6 ±  0.62 42.8 
 

Moringa oleifera 54.0 7.4 ±  0.29 72.9 
 

Strychnos potatorum 54.0 7.8 ±  0.29 69.2 
 

Control 54.0 - - 
 

Alkalinity: 

Comparative analysis of alkalinity of water before and after 

treatment with seed powder was observed in increasing order from 

Cicer arietinum to control. Maximum alkalinity was estimated (124 

mg/l) for control and minimum was (98 mg/l) for sample Cicer 

arietinum. Whereas (100 mg/l, 116 mg/l, 120 mg/l) alkalinity were 

reported for Jatropha curcas, Moringa oleifera and Strychnos 

potatorum respectively (Table-14, Figure-6B). 
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Table : 14. Comparative Analysis of Alkalinity of Water before  
and after Treatment with Seed Powder Dosage range (100 mg/l) 

 

Sample 
Volume 

of Sample 
(ml) 

Burette  
Reading (ml) 

Volume of 
Sulphuric 
acid (ml) 

Alkalinity 
(Mg/l) 

 
 

 
 Initial Final  

 
 
 

Cicer 
arietinum 50 0.0 4.9 4.9 98.0 ±  0.62 

Jatropha 
curcas 50 4.9 9.9 5.0 100.0 ± 0.51 

Moringa 
oleifera 50 10.0 15.8 5.8 116.0 ± 0.51 

Strychnos 
potatorum 50 16.0 22.0 6.0 120.0 ± 0.43 

Control 50 0.0 6.2 6.2 124.0 ± 0.72 

Dissolved Oxygen (DO): 

Dissolved oxygen in of considerable importance in water 

quality investigation and its concentration in water is an indicator of 

ability of a water body to support a well-balanced aquatic life. DO    

in water is replenished through photosynthesis, dissolution from the 

atmosphere and addition of oxygen rich water such as through       

run-off. 

DO of all samples were examined before and after treatment 

with seed powder. DO of untreated water was (0.2 mg/l). Maximum 

DO was reported in Cicer arietinum (4.5 mg/l) which is followed by 

Moringa oleifera (3.0 mg/l); Strychnos potatorum (2.9 mg/l) 

respectively.  Minimum DO was (2.6 mg/l) shown by Jatropha 

curcas (Table-15, Figure-5A).   
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Table : 15. Dissolve Oxygen of Water before and after Treatment with 
Seed Powder Dosage range (100 mg/l) 

 

Sample D0 D1 
DO = D0– D1 

(Mg/l) 

Cicer arietinum 8.1 3.6 4.5 ±  0.36 

Jatropha curcas 8.6 6.0 2.6 ±  0.49 

Moringa oleifera 7.2 4.2 3.0 ±  0.47 

Strychnos potatorum 6.6 3.7 2.9 ±  0.43 

Control 
(Without treatment) 4.2 4.0 0.2 ±  0.32 

Blank 9.0 (C0) 1.6 (C1) 7.4 

Biological Oxygen Demand (BOD): 

BOD of water is the amount of oxygen required for the 

biological decomposition of dissolved organic matter to occur under 

standard condition at a standardized time and temperature. 

Maximum BOD was estimated in control (70 mg/l). In various 

treated Cicer arietinum show maximum BOD (41 mg/l) followed 

Moringa oleifera (26 mg/l); Strychnos potatorum (25 mg/l) 

respectively. Minimum BOD was represented by Jatropha curcas (22 

mg/l) (Table-16, Figure-5B). 

 
 
 
 
 
 
 



FIGURE-4

Comparision of pH Reduction after using
Plant Biocoagulants Concentration 50 mg/l

Fig-4A:

Comparision of pH Reduction after using
Plant Biocoagulants Concentration 100 mg/l

Fig-4B:



FIGURE-5

Comparision of DO after using Plant
Biocoagulants Concentration 100 mg/l

Fig-5A:

Comparision of BOD after using Plant
Biocoagulants Concentration 100 mg/l

Fig-5B:



FIGURE-6

Comparision of Turbidity Changes after using
Plant Biocoagulant Concentration 100 mg/l

Fig-6A:

Comparision of Alkalinity Changes after using
Plant Biocoagulants Concentration 100 mg/l

Fig-6B:
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Table : 16. BOD of Water before and after Treatment with  
Seed Powder Dosage range (100 mg/l) 

 

Sample DO = 
D0– D1 

(C0 – 
C1) 

Decimal 
fraction of 

sample 

BOD 
(Mg/l) 

Cicer arietinum 4.5 0.4 10 41 ±  1.3 

Jatropha curcas 2.6 0.4 10 22 ±  0.42 

Moringa oleifera 3.0 0.4 10 26 ±  0.53 

Strychnos 
potatorum 2.9 0.4 10 25 ±  0.55 

Control 
(Without treatment) 7.2 0.2 10 70 ±  0.46 

PART-C 

GC-MS analysis of plant seed methanol extract was performed. 

This investigation was carried out to determine the possible chemical 

compound from natural plant based biocoagulants. The identity of the 

components in the extracts was assigned by the comparison of their 

retention indices and mass spectra fragmentation patterns with NIST, 

WILEY and PESTE library sources were used for matching the 

identified components from the plant material. 

GC-MS analysis of Cicer arietinum: 

The GC-MS analysis of Cicer arietinum seeds methanolic 

extract  revealed the presence of various bioactive compounds such as 

2-Propyl-tetrahydropyran-3-ol/ N-Acetylmannosamine (RT: 7.06); 4-

O-Methylmannose (RT: 16.9); 5-Hydrxoymethylfurfural (RT: 9.03);  
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Linoleic acid (RT: 10.7); n-Hexadecanoic acid (RT: 17.4) Maltol 

(RT: 6.49);  Piperidin-2-one-5-carboxylic acid (RT: 10.29) along with 

other minor constituents were also present (Table-17, Figure-7). 

GC-MS analysis of Jatropha curcas: 

The GC-MS analysis of Jatropha curcas seeds methanolic 

extract revealed the presence of many bioactive compounds such as 

Glycerin (RT: 10.8); 9,12-Octadecadienoic acid (RT: 19.0);  Ethyl 2-

acetylhexanoate (RT: 7.02);  Methyl hexofuranoside (RT: 15.9); n-

Hexadecanoic acid (RT: 17.3);  3-Hydroxy-4-methoxybenzoic acid 

(RT: 14.0) along with other minor constituents were also present 

(Table-18, Figure-8 ).  
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Table : 17. Shows GC-MS Analysis of Methanolic  
Seed Extract of Cicer arietinu L. 

 

S. 
No. 

Retention 
Time 

Area
% Name of compound 

1 6.217 0.16 Methyl 2-furoate 

2 6.495 0.30 Maltol 

3 7.064 2.65 2-Propyl-tetrahydropyran-3-ol 

4 9.032 36.21 5-Hydrxoymethylfurfural 

5 9.748 0.08 Trimethylsilyl ester of 3-methyl- 
furan-2-ca 

6 10.294 0.81 Piperidin-2-one-5-carboxylic acid 

7 11.737 0.11 Dimethyl phthalate 

8 12.026 0.08 Methyl 2-methyltridecanoate 

9 12.441 0.26 DI-T-butyl phenol 

10 12.658 0.06 Benzoic acid, 4-ethoxy-, ethyl ester 

11 13.086 1.36 Hexanoic acid 

12 13.689 0.51 Benzoic acid 

13 14.508 0.12 d,l-Xylitol, 1-O-undecanoyl- 

14 14.821 0.42 Adipic acid, diallyl ester 
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15 15.108 0.13 1,3-Cyclohexanedicarbohydrazide 

16 16.916 39.06 4-O-Methylmannose 

17 17.404 3.49 n-Hexadecanoic acid 

18 18.149 0.13 Cyclopentane, 1-ethenyl-3-ethyl-2-
methyl- 

19 18.552 1.12 9,12-Octadecadienoic acid (Z,Z)-, methyl 
ester 

20 19.063 10.72 Linoleic acid 

21 20.293 0.19 Nonanoic acid 

22 20.544 0.11 Hydroxyethylpalmitamide 

23 20.664 0.05 8,11,14-Eicosatrienoic acid 

24 21.657 0.05 7-tetradecenal 

25 21.824 0.06 Glycine, N-butoxycarbonyl-, propyl ester 

26 21.919 0.12 Palmitoyl chloride 

27 22.050 0.03 Hexanoic acid, tridecyl ester 

28 30.202 0.15 Cholesterol 
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Table : 18. Shows GC-MS Analysis of Jatropha curcas L.  
Methanolic Seeds Extract 

 
S. 

No. 
Retention 

Time 
Area

% Name of compound 

1 4.969 0.16 Phthalan 

2 5.577 0.06 1,5-Anhydro-d-talitol 

3 6.150 0.15 N-Nitrosooctamethyleneimine 

4 6.525 0.18 1,2,3-Propanetriol, monoacetate 

5 7.025 1.18 Ethyl 2-acetylhexanoate 
Ethyl 2-acetylhexanoate methyl- 

6 10.838 94.30 Glycerin 

7 11.898 0.06 Isosorbide 

8 12.537 0.15 beta.-D-Glucopyranose 

9 12.892 0.05 D-Allothreonine 

10 13.506 0.16 beta.-D-Glucopyranos 

11 14.016 0.24 3-Hydroxy-4-methoxybenzoic acid 

12 15.093 0.13 Acetoxyacetic acid, 5-pentadecyl ester 

13 15.913 1.01 Methyl hexofuranoside 

14 17.207 0.04 cis-9-Hexadecenoic acid 

15 17.379 0.44 n-Hexadecanoic acid 

16 18.261 0.04 2,2-Dimethylpropanoic acid, nonyl ester 

17 18.558 0.08 9,12-Octadecadienoic acid (Z,Z)-,  
methyl ester 

18 19.024 1.34 9,12-Octadecadienoic acid (Z,Z)- 

19 20.357 0.11 Octanoic acid, 2-ethylcyclohexyl ester 

20 21.924 0.01 Palmitoyl chloride 

21 22.412 0.03 1,2-Benzenedicarboxylic acid, mono 
(2-ethylhexyl) ester 

22 23.306 0.04 (R)-(-)-14-Methyl-8-hexadecyn-1-ol 

23 23.860 0.06 1,3-Pentadiene, 2,4-di-t-butyl- 



FIGURE-7

Shows GC-MS Chromatogram of Methanolic
Seed Extract of L.Cicer arietinum

Fig 7:



FIGURE-8

Shows GC-MS Chromatogram of Methanolic
Seed Extract of L.Jatropha curcas

Fig 8:
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GC-MS analysis of Moringa oleifera: 

The GC-MS analysis of methanolic seed extract of Moringa 

oleifera revealed the presence of many bioactive compounds such as 

1,2,3-propanetriol/ glycerol (RT: 10.3); Benzeneacetonitrile (RT: 

13.1); Oleic  acid (RT: 17.2); n-Hexadecanoic acid (RT: 17.4);  

momeinositol (RT: 16.0 ) D-Sorbitol (RT: 11.5);  2-octanon (RT: 

11.7) along with other minor constituents were also present. Results 

confirmed the presence of potent biocoagulant compounds in the seed 

extract (Table-19, Figure-9). 

GC-MS analysis of Strychnos potatorum: 

The GC-MS analysis of Strychnos potatorum seeds methanolic 

extract  revealed the presence of many bioactive compounds such as 

Oleic acid (RT: 19.0); n-Hexadecanoic acid (RT: 16.9) ; Alpha 

amyrin, D-Allose (RT: 12.8); Nonanoic acid, Isosorbide (RT: 9.6); 

Tetradecanoic acid (RT: 15.3); Lupeol acetate (RT: 30.7) along with 

other minor constituents were also present (Table-20, Figure-10). The 

presence of phytocomponents reveals the importance of the plant as 

medicinally used. So it is recommended as a plant of phyto-

pharmaceutical importance, however further studies will need to be 

undertaken to ascertain fully its pharmacological activity. 
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Table : 19. Shows Phytocompounds Identified by GC-MS  
in Methanolic Extract of Moringa oleifera L. 

 
S. 

No. 
Retention 

Time 
Area

% Name of compound 

1 4.987 0.74 2-octanon 

2 5.892 0.02 2-Methoxyphenyl acetate 

3 7.066 0.42 Ethyl 2-Ethyl 2-acetylhexanoate 

4 10.348 62.44 1,2,3-Propanetriol  

5 11.179 0.05 Ethyl butanoate 

6 11.342 0.02 Nicotinic acid 

7 11.562 0.58 D-Sorbitol 

8 11.714 0.12 4-Octanol 

9 12.082 0.15 2-Methyl-l-methylmannopyranoside 

10 12.409 0.35 D-Allose 

11 13.138 22.61 Benzeneacetonitrile 

12 13.578 1.14 hexanoic acid 

13 16.071 1.55 Momeinositol 

14 17.218 0.76 Oleic Acid 

15 17.419 1.87 n-Hexadecanoic acid 

16 18.600 0.65 9-Octadecenoic acid, methyl ester, (E)- 

17 19.175 5.72 Oleic  acid 

18 19.300 0.17 Steric acid 

19 20.770 0.07 cis-13-Eicosenoic acid 

20 21.781 0.07 13-Octadecenal 

21 23.311 0.09 Oleoyl chloride 
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Table : 20. Shows Phytocompounds Identified by GC-MS in 
Methanolic Extract of Strychnos potatorum L. 

 

Peak Retention 
Time 

Area
% Name of compound 

1 4.655 4.89 Glycerin 
2 5.766 0.45 Undacane 
3 7.114 1.98 2-Propyl-tetrahydropyran-3-ol 
4 9.397 1.78 Nonanoic acid 
5 9.617 3.50 Isosorbide 
6 12.478 0.57 Menthol 
7 12.808 5.26 D-Allose 
8 13.187 0.52 Dodecanoic acid 

9 13.511 0.43 Diethyl Phthalate 

10 13.746 3.12 Isocyanic acid, octadecyl ester 

11 13.960 1.10 Oleyl alcohol, trifluoroacetate 

12 15.277 0.94 Momeinositol 

13 15.378 2.01 Tetradecanoic acid 
14 16.441 0.78 Phthalic acid, 
15 16.922 0.76 Hexadecanoic acid, methyl ester 
16 17.204 0.34 cis-9-Hexadecenoic acid 
17 17.398 19.78 n-Hexadecanoic acid 

18 18.600 2.49 Elaidic acid, methyl ester 

19 19.080 28.76 Oleic acid 

20 19.243 1.72 Eicosanoic acid 

21 22.750 0.83 Capsaicin 
22 22.925 0.63 Dihydrocapsaicin 

23 24.417 4.39 2,6,10,14,18,22-Tetracosahexaene 

24 30.508 1.00 Methyl commate A 

25 30.704 1.18 Lupeol acetate 

26 30.929 8.09 Methyl commate E 
 



FIGURE-9

Shows GC-MS Chromatogram of Methanolic
Seed Extract of L.Moringa oleifera

Fig 9:



FIGURE-10

Shows GC-MS Chromatogram of Methanolic
Seed Extract of L.Strychnos potatorum

Fig 10:
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PART-D 

Properties of various bioactive compounds were obtained from 

RASMOL and Pubchem demonstrate structure, hydrogen bonds and 

other hydrophobic interactions that stabilize the ligands at the target 

site and help alter binding affinity. 

linoleic acid obtained from RASMOL and Pubchem shown 

different  chemical properties including number of hydrogen bond 

donor count (1); Hydrogen  bond acceptor count (2) and number of 

covalently  bounded unit was (1).  

Properties of 9, 12-Octadecadienoic acid obtained from 

RASMOL and Pubchem shown by (Table 21) including number of 

hydrogen bond donor Count (1); Hydrogen bond acceptor count (2) 

and number of covalently bounded unit was (1). Rotatable bound 

counts were (14). 

Table : 21. Properties of 9, 12-Octadecadienoic Acid Obtained  
from RASMOL and Pubchem 

 

Molecular Weight 280.44548 g/mol 

Molecular Formula 23218 OHC  

Hydrogen Bond Donor Count 1 

Hydrogen Bond Acceptor Count 2 

Rotatable Bond Count 14 

Covalently-Bonded Unit Count 1 

 Computed Properties of Benzeneacetonitrile obtain from 

RASMOL and Pubchem shown absence of hydrogen bond donor but 
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hydrogen bond acceptor (2) and rotatable bound counts were (1) 

(Table 22).  

Table : 22. Computed Properties of Benzeneacetonitrile obtain  
from  RASMOL and Pubchem 

 

Molecular Weight 117.14788 g/mol 

Molecular Formula NHC 78  

Hydrogen Bond Donor Count 0 

Hydrogen Bond Acceptor Count 1 

Rotatable Bond Count 1 

Covalently-Bonded Unit Count 1 

 
 

Table : 23. Properties of Linoleic acid Obtained obtain  
from RASMOL and Pubchem 

 

Molecular Weight 280.44548 g/mol 

Molecular Formula 23218 OHC  

Hydrogen Bond Donor Count 1 

Hydrogen Bond Acceptor Count 2 

Rotatable Bond Count 14 

Defined Bond Stereocenter Count 2 

Covalently-Bonded Unit Count 1 

 Computed Properties of D- Allose obtain from RASMOL and 

Pubchem revealed that presence of hydrogen bond donor count was 

(5); Hydrogen bond acceptor count (6) and number of covalently 

bounded unit was (1) (Table 24). 



PLATE - 12

Showing Ball and Stick Model of Compounds Using RASMOL

21.1:- Linoleic acid

12.2:- 9,12-Octadecadienoic acid

12.3:- Benzeneacetonitrile

12.4:- D- Allose
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Table : 24. Computed Properties of D- Allose obtain  
from RASMOL and Pubchem 

 

Molecular Weight 180.15588 g/mol 

Molecular Formula 6126 OHC  

Hydrogen Bond Donor Count 5 

Hydrogen Bond Acceptor Count 6 

Rotatable Bond Count 5 

Covalently-Bonded Unit Count 1 

 (Table 25) shown computed properties of Ethyl 2-

acetylhexanoate obtain from RASMOL and Pubchem absence of 

hydrogen bond donor but hydrogen bond acceptor (3) and rotatable 

bound counts were (7).  

Table : 25. Computed Properties of Ethyl 2-acetylhexanoate obtain 
from RASMOL and Pubchem 

 

Molecular Weight 186.24812 g/mol 

Molecular Formula 31810 OHC  

Hydrogen Bond Donor Count 0 

Hydrogen Bond Acceptor Count 3 

Rotatable Bond Count 7 

Covalently-Bonded Unit Count 1 

(Table 26) reveled computed properties of Glycerin obtain 

from  RASMOL and Pubchem number of hydrogen bond donor 

Count (3); Hydrogen bond acceptor count (3) and number of 

covalently  bounded unit was (1).  
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Table : 26. Computed Properties of Glycerin obtain  
from  RASMOL and Pubchem 

 

Molecular Weight 92.09382 g/mol 

Molecular Formula 383 OHC  

Hydrogen Bond Donor Count 3 

Hydrogen Bond Acceptor Count 3 

Rotatable Bond Count 2 

Isotope Atom Count 0 

Covalently-Bonded Unit Count 1 
 

 Computed Properties of Hexadecanoic acid obtain from 
RASMOL and Pubchem shown by (Table 27) including number of 
hydrogen bond donor Count (1); Hydrogen bond acceptor count (2) 
and number of covalently bounded unit was (1). Rotatable bound 
counts were (14). 

Table : 27. Computed Properties of Hexadecanoic acid obtain from 
RASMOL and Pubchem 

 

Molecular Weight 256.42408 g/mol 

Molecular Formula 23216 OHC  

Hydrogen Bond Donor Count 1 

Hydrogen Bond Acceptor Count 2 

Rotatable Bond Count 14 

Covalently-Bonded Unit Count 1 

 According to (Table28) Computed Properties of Linoleic Acid 
obtain from RASMOL and Pubchem shown presence of hydrogen 
bond donor was (1) and hydrogen bond acceptor (2) 
respectively.Whereas number of covalently bounded unit was (1). 
Rotatable bound counts were (14). 



PLATE - 13

Showing Ball and Stick Model of Compounds Using RASMOL

13.1:- Ethyl 2-acetylhexanoate

13.2:- Glycerin

13.3:- Hexadecanoic acid

13.4:- Linoleic Acid
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Table : 28. Computed Properties of Linoleic Acid obtain  
from RASMOL and Pubchem 

 

Molecular Weight 280.44548 g/mol 

Molecular Formula 23218 OHC  

Hydrogen Bond Donor Count 1 

Hydrogen Bond Acceptor Count 2 

Rotatable Bond Count 14 

Covalently-Bonded Unit Count 1 

 Computed Properties of Oleic Acid (Table 29) obtain from  
RASMOL and Pubchem  presence of hydrogen bond donor was (1) 
and hydrogen bond acceptor (2) respectively. Whereas number of 
covalently bounded unit was (1). Rotatable bound counts were (15). 

Table : 29. Computed Properties of Oleic Acid obtain  
from RASMOL and Pubchem 

 

Molecular Weight 282.46136 g/mol 

Molecular Formula 23418 OHC  

Hydrogen Bond Donor Count 1 

Hydrogen Bond Acceptor Count 2 

Rotatable Bond Count 15 

Covalently-Bonded Unit Count 1 
 

 (Table 30) shown Computed Properties of 2-Furaldehyde 
obtain from  RASMOL and Pubchem absence of hydrogen bond 
donor but presence of  hydrogen bond acceptor (2).  Whereas number 
of covalently bounded unit was (1). Rotatable bound counts were (1). 
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Table : 30. Computed Properties of 2-Furaldehyde obtain  
from RASMOL and Pubchem 

 

Molecular Weight 96.08406 g/mol 

Molecular Formula C5H4O2  

Hydrogen Bond Acceptor Count 2 

Rotatable Bond Count 1 

Covalently-Bonded Unit Count 1 

 According to (Table 31) Computed Properties of 2-O-
Methylhexos obtain from  RASMOL and Pubchem shown presence 
of hydrogen bond donor was (4) and hydrogen bond acceptor (6) 
respectively.  Whereas number of covalently bounded unit was (1). 
Rotatable bound counts were (6). 

Table : 31. Computed Properties of 2-O-Methylhexos obtain from  
RASMOL and Pubchem 

 

Molecular Weight 194.18246 g/mol 

Molecular Formula 6147 OHC  

Hydrogen Bond Donor Count 4 

Hydrogen Bond Acceptor Count 6 

Covalently-Bonded Unit Count 1 

Capsules are known to be the preferred delivery method of 
medications and supplements. They are quick dissolving, fairly 
inexpensive and easy to fill for both home and commercial purpose. 
Empty capsule are available in two distinct categories that is 
traditional gelatin capsule and vegetarian verities. Gelatin is most 
common material with less expensive option. Another factor to 
consider when choosing capsule was gelatin that gelatin capsule was 
only suitable for use with plant powder. 



PLATE - 14

Showing Ball and Stick Model of Compounds Using RASMOL

14.1:- Oleic Acid

14.3:- 2-O-Methylhexos

14.2:- 2-Furaldehyde



PLATE - 15

Showing Encapsulated Dried Seed Powder Capsules

L. Seed Powder CapsuleC. arietinum

L. Seed Powder CapsuleJ.curcas

M. oleifera L. Seed Powder Capsule

L. Seed Powder CapsuleS. Potatorum
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Discussion anD conclusion 

The waste generated by modern society when discarded in 

nature can make the water unfit for human consumption. Thus to 

obtain drinking water is necessary to perform a physical-chemical 

treatment which allow the removal of the turbidity and organisms 

harmful to health. Various methods are used to make water safe to the 

consumer. The method employed depends on the character of the raw 

water. For the treatment of surface water some traditional chemicals 

are used during the treatment of surface water at its various steps. 

Commonly used chemicals for various treatment units are synthetic 

organic and inorganic substances. In most of the cases, these are 

expensive since they are required in higher dose and do not shows 

cost effectiveness. Many of the chemicals are also associated with 

human health and environmental problems. The use of clean up 

technologies without producing other harmful waste products is 

required as best option using vegetation to remove, detoxify or 

stabilize persistent pollutant is an accepted tool for cleaning of 

polluted soil and water. Natural coagulants have been used for 

domestic household for water treatment in rural areas. Now a day 

some reports describe natural coagulants from plants are used for 

natural water purification.  

The use of plant seed materials is receiving attention for their 

effectiveness in wastewater treatment. The technologies involved are 

economical, traditional and easy to implement. These observations 

motivate me to analyze the biocoagulant property of some plant 

species Cicer arietinum, Jatropha curcas, Moringa oleifera and 
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Strychnos potatorum (Table: 3 & Plate: 1, 2) were selected for further 

study. 

Operation and maintenance of plant-based technologies 

operating a plant-based water clarifier system is very simple with no 

major machinery or specialized labor required as observed by 

Kebreab, (2004) and Yongabi, (2006). Some previous studies have 

screened a number of plants as disinfectant for water treatment, 

Acrorus calamus, Anaphalis cunefolia, Arnebial nobills, Eclipta 

aibba, Azadirachta indica, Moringa oleifera (Jahn, 1981).  

The seed powder of Moringa oleifera has been used in many 

african societies for water clarification for domestic use reported by  

Sutherland et al., (1990); Lowell, (2001); Kebrea, (2004). The seed 

powder of physic nut (Jatropha curcas) is very useful in wastewater 

treatment. This plant belongs to the family Euphorbiaceae. Reports on 

the potentials of this plant in wastewater treatment existed by 

Yongabi K.A., (2004). 

Rajendran et al., (2013) reported that seeds of Strychnos 

potatorum and Moringa oleifera have shown promising result as the 

source of natural coagulant in the clarification of turbid water. 

Asrafuzzaman et al., (2011) studied the reduction efficiencies of 

Moringa oleifera, Dolichos lablab, Cicer aretinum in treatment of 

synthetic water and reported that Cicer aretinum is most effective in 

reduction of turbidity. 

During the period of present assessment percent yield of 

secondary metabolite of each sample were estimated after ethanolic 

and methanolic solvent extraction (Table: 4 & 5). Percent yield in 
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ethanolic extract observed maximum in Strychnos potatorum and 

minimum in Jatropha curcas where as percent yield in methanolic 

extract observed maximum in Cicer arietinum and minimum in 

Jatropha curcas. Extraction yields ranged from 4.3% to 10.6% for 

ethanolic extract and for methanolic extract extraction ranged from 

3.6 % to 12.8%. The polarity of the solvent play an important role in 

the extraction of active plant extracts as shown by the higher yields 

obtained. It can also be found that the yield of the ethanolic extract is 

slightly less than that of methanolic extract.  

The yield of extraction depends on the solvent with varying 

polarity, pH, temperature, extraction time, and composition of the 

sample. Under the same extraction time and temperature, solvent and 

composition of sample are known as the most important parameters.  

Plants are rich in a wide variety of secondary metabolites such 

as tannins terpenoids, alkaloids, flavonoids, etc. which have been 

found in vitro to have medicinal properties. Pharmacological studies 

have accepted the value of medicinal plants as potential source of 

bioactive compounds (Biswas et.al.,2002).  

The present study was undertaken to compare the effect of 

using different extraction solvents to extract the active components 

like Alkaloids, Flavanoids, Phenol, Saponin and Steroids from the 

dried seed powder (Table: 6 & Plate: 4,5). During phytochemical 

analysis study of Cicer arietinum plant seed ethanolic solvent extract 

our result indicated that various secondary metabolites like alkaloids, 

flavanoids, saponin, and steroids were present. While phenol was 

absent in ethanolic extract . It may be due to poor solubility of this 
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phytochemical in ethanol. Alkaloid and steroids were absent in 

methanolic extract. Similar results were obtained by Mamta Arora et 

al., (2013) who reported the presence of various phytoconstituents 

such as phytosterols, flavonoids, phenolic compounds, tannins, 

carbohydrates, proteins, amino acids, fixed oils and fats. 

Our results during phytochemical analysis of Jatropha curcas 

ethanolic and methanolic extract contains phytochemical such as 

flavanoids and phenol in higher amount. However, saponins was 

found to be absent in the extract made by using methanol (Table: 6 ). 

It may be due to poor solubility of this phytochemical in methanol 

These results are supported by work done by James et al., (2011); 

Oseni and Alphonse (2011) and Oskoueian et al., (2011). They 

reported aqueous leaf extract of J. curcas contains flavonoids, 

phenols, tannins and alkaloids. 

The present study of phytochemical investigation of Moringa 

oleifera seed powder revealed the presence of alkaloids, flavanoids, 

phenol and steroids (Table: 6 & Plate: 4, 5). Saponin was absent in 

both ethanolic and methanolic extract. Whereas phenol in ethanolic 

extract was present in higher amount. This may be attributable to the 

higher solubility in ethanol. The observations made during the present 

study are in agreement with Nepolean et al., (2009) but disagreed 

with the finding of saponins.  

Our results indicated that alkaloids, flavanoids, phenol, saponin 

and steroids all components were shown their presence in both 

ethanolic and methanolic extract of Strychnos potatorum (Table: 6 & 

Plate: 4, 5). The results of the phytochemical screening of the 
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different extracts Strychnos potatorum is in accordance with the 

studies  of Packialakshmi et al., (2014) who reported the presence of 

alkaloids, flavanoids, phenol, saponin and steroids in seed extract of 

Strychnos potatorum . 

These results are supported by work done by Mallikharjuna et 

al., (2007); Venkatesh et al., (2011); Srikanth Kagithoju. et al.,(2013) 

studied the phytochemical screening of Strychnos potatorum seed 

sample and described along with physical and chemical compound 

such as alkaloids, reducing sugar, phytosterol, fats, phenolic 

compounds and tannins.  

The results obtained in the present study thus suggest that the 

identified phytochemical compounds may be the bioactive 

constituents and these plants are proving to be an increasingly 

valuable reservoir of bioactive compounds of substantial medicinal 

merit. Some of these observations have helped in identifying the 

active principle responsible for such activities and in the developing 

drugs for the therapeutic use in human beings. Many studies have 

been conducted to establish the antimicrobial effect of the medicinal 

plants (Habsah et al., 2000; Sudhakar et al., 2006). 

Antibacterial activity of Cicer arietinum seeds methanolic 

extract against Escherichia coli, Bacillus subtilis and Pseudomonas 

aeruginosa (Plate: 7) indicate that the antibacterial activities of the 

extracts increased linearly with increase in concentration of extracts 

(µg/ml). Maximum inhibitory zone size was reported in 

erythromycin against all bacterial strain and minimum was in 50 

mg/ml concentration of plant extract (Table: 7). As compared with 
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standard drugs, the results revealed that in the plant extracts show less 

antibacterial activity. The growth inhibition zone measured ranged 

from 2 to 32 mm for all the sensitive bacteria (Plate: 8.1, 8.2 & 8.3 

and Figure: 1A).The efficacy of plant extracts evaluated as 

antimicrobial agents was dependent on the solvent of extraction. 

According to  Mamta Arora et al., (2014) Cicer arietinum L. 

seed methanol and hydro alcoholic extracts shows more antimicrobial 

activity against gram negative bacteria (13mm) than gram positive 

bacteria (9mm). 

The activity of J. curcas against Klebsiella pneumonia, 

Escherichia coli and Pseudomonas aeruginosa has also been reported 

by Kalimuthu et al. (2010) ; Kamal et al. (2011); Oseni and Alphonse 

(2011) they reported that the aqueous extract shows very little 

antimicrobial activity compared with the solvent extracts.  

Results of present research indicates that antimicrobial activity 

of Jatropha curcas seeds methanolic extract shown (0 mm) zone size 

of Bacillus subtilis and Pseudomonas aeruginosa were reported in 50 

and 100 mg/ml concentration. Maximum inhibitory zone size (23 

mm) was reported in 200 mg/ml against Escherichia coli bacterial 

strain (Table: 8). The antibacterial activities of the extracts increased 

linearly with increase in concentration of extracts (µg/ml).  As 

compared with standard drugs, the results revealed that in the plant 

extracts show more antibacterial activity. The growth inhibition zone 

measured ranged from 0 to 23 mm for all the sensitive bacteria. 50 

mg/l concentration of extract less effective against all test organisms 

(Plate: 9.1, 9.2 & 9.3 and Figure: 1B). Similar findings were obtained 



 
Discussion and Conclusion 

 

90 
 

by Anwar and Rashid, (2007); Jamil et al. (2007); Lockett et al. 

(2000) who reported that the extracts of Morinaga oleifera showed 

antimicrobial activity.  

Our results indicated that antimicrobial properties of Moringa 

oliferea methanolic extract increasing pattern of zone of inhibition 

was observed for Bacillus subtilis and Escherichia coli but 

Pseudomonas aeruginosa maximum zone size (15 mm) was reported 

in 200 mg/l of extract (Table: 9). The growth inhibition zone 

measured ranged from 0 to 18 mm for all the sensitive bacteria (Plate: 

10.1, 10.2 & 10.3 and Figure: 2A). As compared with standard drugs, 

the results revealed that in the plant extracts show less antibacterial 

activity. 50 mg/l concentration of extract ineffective against all test 

organisms.  

Antibacterial activity of Strychnos potatorum seeds methanolic 

extract against Escherichia coli, Bacillus subtilis and Pseudomonas 

aeruginosa indicate that the antibacterial activities of the extracts 

increased linearly with increase in concentration of extracts (µg/ml). 

As compared with standard drugs, the results revealed that in the 

plant extracts show less antibacterial activity (Table: 10). The growth 

inhibition zone measured ranged from 4 to 20 mm for all the sensitive 

bacteria (Plate: 11.1, 11.2 & 11.3 and Figure: 2B). The results 

revealed that all plant extracts were potentially effective in 

suppressing microbial growth. 

The results of the antibacterial activity of the Strychnos 

potatorum plant extract are in accordance with the studies of 

Mallikharjuna et al., (2009) and Packialakshmi et al., (2013) they 
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reported that Strychnos potatorum seed extract show antimicrobial 

activity against some pathogenic gram positive and gram negative 

bacteria. 

Knowledge on the physico-chemical characters of the water 

source is very important because it may influence the immediate 

environment of aquatic, wet lands flora and human health. WHO 

(1971 & 1976) standards for drinking water specify that, water 

intended for human consumption must be free from organisms and 

from concentrations of chemical substances that may be a hazard to 

health. In addition, supplies of drinking water should be as pleasant to 

drink as circumstance permit. 

Results of present research work indicate that water samples 

physical parameters were estimated in the form of colour, odor and 

clearity (Table: 11). In all samples control was very cloudy in clearity 

offensive in odor and dirty brown in colour. Whereas Moringa 

oleifera and Strychnos potatorum treated water was very clear, 

odorless and colourless. Jatropha curcas treated water was clear, 

slightly odorfull and light brown in colour. On the other hand sample 

Cicer arietinum treated water was cloudy clear, slightly odorfull and 

light brown in colour (Table: 11). 

Colour in water may be caused by the presence of minerals 

such as iron and manganese or by substances of vegetable origin such 

as algae and weeds. Colour tests indicate the efficacy of the water 

treatment system. Odour and taste are associated with the presence of 

living microscopic organisms or decaying organic matter, industrial 

wastes containing ammonia, phenols, halogens, hydrocarbons.  
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According to WHO, (1984) the desirable pH of drinking water 

is 7 to 8.5, the pH has no direct adverse effect on health, but at the 

same time alters the taste of water. Higher pH reduces the germicidal 

potentiality of chlorine and induces the formation of toxic 

trihalomethanes (Trivedy and Goal, 1986). 

Our results indicated that two different concentrations (50 mg/l 

and 100 mg/liter) were estimated on the behalf of pH before and after 

treatment of water sample. In all samples control shows maximum pH 

in both concentrations (8.22, 8.22). In concentration 50 mg/l of plant 

sample pH of Strychnos potatorum shown maximum pH (8.20) 

followed by equally Moringa oleifera and Cicer arietinum (8.15) and 

the minimum concentration was 8.11 of Jatropha curcas (Table: 12 

& Figure: 4A). 

On the other hand the concentration of plant sample 100 mg/l 

maximum pH was 7.95 of Moringa oleifera which was followed by 

Strychnos potatorum (7.70); Jatropha curcas (7.21) and Cicer 

arietinum (7.15) respectively (Table: 12 & Figure: 4B ). This study 

has conclusively indicated that pH of water can be reduced 

considerably with the application of phytocoagulants. 

Our results also shows similarly with the study of Eman et al., 

(2010) that the pH of the treated wastewater decreased from after the 

addition of different coagulants. 

Tasneembano Kazi and Arjun Virupakshi (2013) reported that 

Cicer arietinum, Moringa oleifera and Cactus used as locally 

available natural coagulants to reduce turbidity of tannery wastewater.  
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R.M.S. Radin Mohamed et al., (2014) studied that the pH value 

of raw car wash waste water before treatment was in the range of 8.0 - 

9.0. It was observed that after the treatment with alum, Moringa 

Oleifera and Strychnos Potatorum the pH reduced to the range 

between 6.5 and 7.0. 

The optimum value of pH depends essentially on the properties 

of the water treated, type of coagulant used and its concentration 

(Abdul Aziz et al., 2007). 

Turbidity refers to the cloudiness of a solution which is 

imparted by solid particles obstructing the transmittance of light 

through a water sample. Results of our present work indicate that 

after treatment turbidity was maximum in Jatropha curcas (12.6 

NTU) and minimum in Moringa oleifera (7.4 NTU). In Cicer 

arietinum and Strychnos potatorum turbidity was estimated (8.4 

NTU) and (7.8 NTU) respectively. Maximum turbidity was examined 

in control that was (54.0 NTU) (Table: 13 & Figure: 6A). Selected 

biocoagulants reduced turbidity ranged from 42.8% to 72.9% after 

treatment. This study has conclusively indicated that turbid water can 

be treated considerably with the application of phytocoagulants. It has 

been evident from our findings that Moringa oleifera was more 

effective as prime coagulant for turbidity removal in water 

purification. This act as green technology chemical over traditional 

chemicals of water purification. 
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Asrafuzzaman et al ., (2011) studied the reduction efficiencies 

of Moringa oleifera, Dolichos lablab and  Cicer aretinum in treatment 

of synthetic water and reported that Cicer aretinum is most effective 

in reduction of turbidity. 

Abidin Z.Z. (2011) reported that the Jatropha seed found to be 

an effective coagulant with more than 96% of turbidity removal at pH 

1-3 and pH 11-12. The highest turbidity removal was recorded at pH 

3 using a dosage of 120 mg/L. 

Yasabie Abatneh et al., (2014) indicated that Moringa oleifera, 

J. curcas and G. gum reduce turbidity of water. The reduction 

efficiency is higher for more turbid waters. Turbidity reduction 

exceeding 90 % was achieved for all the three extracts on shallow 

well water with an initial turbidity of about 50 NTU. 

The alkalinity natural or treated wastes is the capacity of some 

of its components to accept protons that is to be bind an equivalent 

amount of strong acid like hydroxyl ions and anions of weak acid 

(e.g. bicarbonates and carbonates). It is the therefore, a measure of the 

buffering capacity of the water (Train, 1978). 

Our results indicated that comparative analysis of alkalinity of 

water before and after treatment with seed powder was observed in 

increasing order from Cicer arietinum to control. Maximum alkalinity 

was estimated (124 mg/l) for control and minimum was (98 mg/l) for 

sample Cicer arietinum. Whereas (100 mg/l, 116 mg/l, 120 mg/l) 

alkalinity were reported for Jatropha curcas, Moringa oleifera and 
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Strychnos potatorum respectively (Table: 14 & Figure: 6B). This 

study has conclusively indicated that alkalinity of treated water can  

be reduced considerably with the application of selected 

phytocoagulants. It has been evident from our findings that Cicer 

arietinum was more effective plant based coagulant for alkalinity 

removal in water purification. 

Mangale Sapana M et al., (2012) stated that alkalinity during 

the research work was observed to be 130mg/l for ground water. At 

various doses of Moringa oleifera seed powder, it was observed that 

the alkalinity reduced after the treatment at 50 mg/l dose. But at 

higher dose of 100 and 150 mg/l of Moringa seed, the alkalinity was 

slowly increased. The alkalinity was present in the range of 95 - 100 

mg/l which was within limits of WHO standards. 

Dissolved oxygen present in drinking water adds taste and it is 

a highly fluctuating factor in water. According to European Economic 

Community, the permissible standard of drinking water for dissolved 

oxygen in 5 mg/l to 7.3 mg/l. 

Results of present research indicates DO of all samples were 

examined before and after treatment with seed powder. DO of 

untreated water was (0.2 mg/l). Maximum DO was reported in Cicer 

arietinum (4.5 mg/l) which is followed by Moringa oleifera (3.0 

mg/l); Strychnos potatorum (2.9 mg/l) respectively.  Minimum DO 

was (2.6 mg/l) shown by Jatropha curcas (Table: 15 & Figure: 5A). 

This study has conclusively indicated that DO of treated water can be 
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increased considerably with the application of selected 

phytocoagulants. It has been evident from our findings that DO levels 

are increased effectively by the application of Cicer arietinum based 

coagulant for water purification. 

Drinking water usually has a BOD of less than 1 mg/l and 

water is considered to be fairly pure with BOD of 3 mg/ l and of 

doubtful purity when the BOD values reach 5mg/l (Rao, 1997). 

Results of present work indicate that maximum BOD was 

estimated in control (70 mg/l). In various treated Cicer arietinum 

show maximum BOD (41 mg/l) followed Moringa oleifera (26 mg/l); 

Strychnos potatorum (25 mg/l) respectively. Minimum BOD was 

represented by Jatropha curcas (22 mg/l) (Table: 16 & Figure: 

5B).Our study has conclusively indicated that BOD of treated water 

can be manipulated considerably with the application of selected 

phytocoagulants. Results indicated the use of natural coagulants derived 

from plants as an alternative to usage of chemical coagulants for water 

purification. The organic matter supported good microbial growth; the 

microorganism utilizes the oxygen and leads to high values of BOD, 

COD and low values of dissolved oxygen. Similar results were 

obtained by Chinedu et al., (2011) and Shrivastava et al., (2010). 

GC-MS has a relatively broad coverage of non-volatile 

compound classes, mainly those involved in primary metabolism, 

including organic and amino acids, sugars, sugar alcohols, 

phosphorylated intermediates within the polar phase (Roessner et al., 

2000; Schauer et al., 2006), as well as lipophilic compounds such as 
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fatty acids, fatty alcohols, sterols, and aliphatics within the apolar 

phase (Fiehn et al., 2000). 

Enas J. Kadhim (2014) reported that GC-MS of Moringa 

oleifera the comparison of the mass spectrum with the NIST database 

library gave more than 90% match as well as a confirmatory 

compound structure match. Identified compounds may be used in 

drugs, pharmaceutical and therapeutic value. 

GC-MS analysis of Cicer arietinum seeds methanolic extract 

revealed the presence of 28 bioactive compounds such as 2-Propyl-

tetrahydropyran-3-ol/ N-Acetylmannosamine. 4-O-Methylmannose, 

5-Hydrxoymethylfurfural, Linoleic acid,  n-Hexadecanoic acid , 

Maltol , Piperidin-2-one-5-carboxylic acid along with other minor 

constituents (Table: 17 & Figure: 7). Present study results were 

confirmed the traditional uses of this plant as an antioxidant, anti-

inflammatory, flavor agent, antimicrobial activity. Based on the 

results plant powder contains chemical constituents of 

pharmacological, nutritional and phytocoagulants significance. 

Results of present work the GC-MS analysis of Jatropha curcas 

seeds methanolic extract revealed the presence of 23 bioactive 

compounds such as Glycerin, 9,12-Octadecadienoic acid, Ethyl 2-

acetylhexanoate, Methyl hexofuranoside, n-Hexadecanoic acid, 3-

Hydroxy-4-methoxybenzoic acid along with other minor constituents 

(Table: 18 & Figure: 8). Present study results were confirmed the 

traditional uses of this plant as an antioxidant, anti-inflammatory, 

antimicrobial, antifungal, antitumor activity. Based on the results 
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plant powder contains chemical constituents of pharmacological, 

nutritional and phytocoagulants significance. 

GC-MS analysis of methanolic seed extract of Moringa 

oleifera revealed the presence of 21 bioactive compounds such as 

1,2,3-propanetriol/ glycerol , Benzeneacetonitrile (RT: 13.1),  Oleic  

acid , n-Hexadecanoic acid , momeinositol , D-Sorbitol , 2-octanon 

along with other minor constituents. Results confirmed the presence 

of potent biocoagulant compounds in the seed extract (Table: 19 & 

Figure: 9). The methanolic seed extract of Moringa oleifera proved to 

be reservoir of bioactive compounds. Present study results were 

confirmed the traditional uses of this plant as an antioxidant, anti-

inflammatory, anticancer, antimicrobial, antifungal, wound healing 

activity. Based on the results plant powder contains chemical 

constituents of pharmacological and phytocoagulants significance. 

According to Adegbe A. A. et al (2016) M. Oleifera seed oil 

was analyzed by a combination of GC and GCMS. Twenty four 

constituents were identified. The major constituents were Oleic acid, 

Palmitic acid, 9-octadecenol and phenylbut-3-yne. The fixed oil of M. 

Oleifera seed is rich in fatty acids followed by hydrocarbons, others 

are aldehyde esters and oxygenated hydrocarbon. 

GC-MS analysis of Strychnos potatorum seeds methanolic 

extract  revealed the presence of 26 bioactive compounds such as 

Oleic acid,  n-Hexadecanoic acid , Alpha amyrin, D-Allose , 

Nonanoic acid, Isosorbide , Tetradecanoic acid , Lupeol acetate along 

with other minor constituents (Table 20 & Figure: 10). The presence 

of phytocomponents reveals the importance of the plant as 
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medicinally used. Present study results were confirmed the traditional 

uses of this plant as an antioxidant, anti-inflammatory, antidiabetic, 

antimicrobial, antifungal, appetite increasing, antitumor, 

antiproliferative activity. Based on the results plant powder contains 

chemical constituents of pharmacological and phytocoagulants 

significances. 

Various ligands will select from literature survey and chemical 

compound will download from PubChem compound database 

reported by (Wang et al., 2009). Various successful and research 

target will select from literature survey and TTD (Chen et al., 2002). 

3D structure of protein will download from the Protein Data Bank 

(PDB) (Abola et al., 1996; Kouranov et al., 2006). Then target will 

further analyze for active site details by using Rasmol (Abola et al., 

1996). 

The compounds having drug like properties will select as 

ligands to carry out molecular docking studies in GOLD (Verdonk et 

al., 2003; Bharatham et al., 2007) software against the receptors, 

which will obtain from PDB (www.rcsb.org/pdb) (Abola et al., 1996; 

Kouranov et al., 2006). Scoring will use by Gold score (Jones et al., 

1997; Jacobsson, 2008) and Chem score method (Eldridge et al., 

1997; Jacobsson, 2008). 

Our results indicated that computed properties of 9, 12-

Octadecadienoic acid obtain from  RASMOL and Pubchem contain 

number of hydrogen bond donor Count (1); Hydrogen bond acceptor 

count (2) (Table: 21 & Plate:12.2). The compounds will select as 

ligands to carry out molecular docking studies. 
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Our results indicated that that computed properties of 

Benzeneacetonitrile obtain from  RASMOL and Pubchem shown 

absence of hydrogen bond donor but hydrogen bond acceptors were 2 

(Table: 22& Plate:12.3).  The compounds will select as ligands to 

carry out molecular docking studies. 

Results of present work indicated that that computed properties 

of D- Allose obtain from  RASMOL and Pubchem contain hydrogen 

bond donor count was 5 and Hydrogen bond acceptor count (6) 

(Table: 24 & Plate:12.4). The compounds will select as ligands to 

carry out molecular docking studies. 

Result showed computed properties of Ethyl 2-acetylhexanoate 

obtain from  RASMOL and Pubchem (Table: 25 & Plate:13.1). 

Absence of hydrogen bond donor but hydrogen bond acceptor were 3. 

The compounds will select as ligands to carry out molecular docking 

studies. 

Present study revealed computed properties of Glycerin obtain 

from  RASMOL and Pubchem (Table: 26 & Plate:13.2) that numbers 

of hydrogen bond donor Count were 3 and Hydrogen bond acceptor 

count were 3. 

Our results indicated that Hexadecanoic acid contain  number 

of hydrogen bond donor Count were 1 and Hydrogen bond acceptor 

count  were 2 (Table: 27 & Plate:13.3). The compounds will select as 

ligands to carry out molecular docking studies. 

Present study revealed computed properties of Linoleic Acid 

obtain using RASMOL and Pubchem shown presence of hydrogen 
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bond donor was 1 and hydrogen bond acceptor were 2 respectively 

(Table: 28 & Plate:13.4). 

 Present study revealed computed properties of Oleic Acid 

using RASMOL and Pubchem shown presence of hydrogen bond 

donor was 1 and hydrogen bond acceptor were 2 respectively (Table: 

29 & Plate:14.1).  

Our results indicated that computed properties of 2-

Furaldehyde using RASMOL and Pubchem shown absence of 

hydrogen bond donor but presences of hydrogen bond acceptor were 

2 (Table: 30 & Plate:14.2). 

Computed properties of 2-O-Methylhexos reveled presence of 

hydrogen bond donor were 4 and hydrogen bond acceptor 6 

respectively (Table: 31& Plate:14.3). The compounds will select as 

ligands to carry out molecular docking studies. 

Capsules are known to be the preferred delivery method of 

medications and supplements. They are quick dissolving, fairly 

inexpensive and easy to fill for both home and commercial purpose. 

Empty capsule are available in two distinct categories that is 

traditional gelatin capsule and vegetarian verities. Gelatin is most 

common material with less expensive option (Plate: 15). Another 

factor to consider when choosing capsule was gelatin that gelatin 

capsule was only suitable for use with plant powder. 

The findings of the present study further justify traditional uses 

of plant based biocoagulants for water purification. The use of natural 

coagulants from plant based source represent a vital development in 
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sustainable environmental technology as it focus mainly on the 

improvement of quality of life for communities. The bio coagulant 

process become more efficient and cost of treatment is reduced. 

Biocoagulants helpful in removal of turbidity, heavy metals, colour 

from wastewater. Hence, the present studies also justify the claimed 

use of these plants (Cicer arietinum, Jatropha curcas, Moringa 

oleifera, Strychnos potatorum) in the traditional water purification 

system. The study of qualitative phytochemical analysis of study 

plants seed extract revealed the presence of bioactive compounds 

such as terpenoids, alkaloids, flavonoids, phenols, steroids and 

saponins which were known to be antimicrobial in function. 

The findings present study should stimulated the search for 

novel, natural product such as new antimicrobial agents derived from 

plants. Thus our finding regarding antibacterial potential of these 

studied plants may have small start and suggesting their utility in 

treatment of various human diseases caused by pathogenic bacteria. 

Still there are not many reports available regarding GC-MS 

analysis, molecular modeling, dosage of seed powder for water 

purification and plant seed powder based capsule of studied plants. 
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futuristic approach 

The usage of plant based natural coagulants represents a 

fundamental development in sustainable environmental technology 

for the improvement of quality of life for communities. In an era of 

increasing environmental concerns, water scarcity admits the draw 

backs of chemical coagulants and poor sanitary facilities in most low 

income earning countries, the need to further develop natural 

coagulants as alternative environmentally favorable water purifying 

chemicals is exigent. The usage of bio-coagulants derived from plant 

based sources represents a vital development in ‘grassroots’ 

sustainable environmental technology through cost effectiveness.  

Design natural water purification techniques using plants 

extracts for bioremediation of turbid water. Application of this low-

cost protocol will be recommended for simplified, point-of-use, low-

risk water treatment where rural and peri-urban people living in 

extreme poverty are presently drinking highly turbid and 

microbiologically contaminated water. The ultimate purpose of 

proposed research study is to come up with a compendium of plant 

coagulants that could be used as a technology that is cost effective 

and ecofriendly. It is felt that further research can be conducted by 

using the information described in this review as a platform to 

discover other plant species which are non-toxic and can be mass 

produced. 
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However there are many pressing issues that are hindering 

process development of these coagulants to be precise. 

 Absence of mass plantation of the plants that affords 

bulk processing 

  Perceived low-volume market and virtually non-existent 

supportive regulation that stipulates the quality of the 

processed coagulant extracts.  

 The cost-effectiveness of using the natural coagulant as 

simple POU technology. 

  The last factor is especially vital since it is normally 

difficult for regulatory authorities to endorse a product 

for sale to the general public.  

It is felt that application of plant based coagulants is currently 

restricted to small-scale usage and academic research but it can 

benefit from fervent promotion and endorsement from relevant 

stakeholders, particularly the from the authorities. In technical terms, 

these natural coagulants are highly effectual for treatment of waters 

with low turbidity but may not be feasible in the case of wastewaters 

with extreme pH. As such, it is always prudent for water treatment 

practitioners to circumspectly select the most suitable natural 

coagulants and tailor them for specific proposes. Quite clearly it is 

felt that further research can be conducted by using the information 

described in this review as a platform to discover other plant species 

which are non-toxic and can be mass produced.  



 
Futuristic Approach 

 

105 
 

 To characterize the molecular structure, formula, weight, 

and charge of the isolated bioactive constituents. 

 To carry out detailed studies on the bioactive 

constituents to determine possible positive synergistic 

effects in the combination of isolates on application in 

water (for potable use) and wastewater (industrial and 

municipal) treatment for water pollution control (surface 

and groundwater). 

 To produce samples of the best combination of isolate of 

the bioactive constituents. 

 To develop commercially viable, (recovery of value 

added products e.g. oil, biocompost, biofuel) sustainable, 

and efficient seed processing techniques. 

 To develop user-friendly and appropriate technology 

techniques for application of processed seeds for water 

treatment and water pollution control in developing 

countries 

 Development of economical and commercial processing 

techniques of plant based coagulants seeds   i.e medium 

and high technology methods.  

 Oil extraction ( mechanical press, solvent extration, 

steam extraction, enzyme assisted extraction etc.) as 

value added product. 

 Seed husk, pods etc. as raw material for biocoversion 

into biocompost, bioalcohol etc. 
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  Processing of cake  for application in water treatment 

and water pollution control after oil extraction   

Applications: 

 Suitable for medium to large scale applications. 

 Have high shelf life 

 Large scale production for export to other countries. 

 Efficient in the treatment of raw water with diverse 

characteristics. 

 Low dosage applications. 

Many useful byproducts e.g. oil, poultry and livestock feed, 

bio-fertilizer etc. 
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Summary 

Introduction:  

Water is the most vital element among the natural resources. In 
many developing countries today access to clean and safe water is a 
crucial issue. The surface water becomes highly polluted due to 
indiscriminate discharge of untreated waste from tannery, textile, 
municipal waste into water bodies, poor drainage system. More than 
six million people die because of diarrhea which is caused by polluted 
water. Developing countries pay a high cost to import chemicals for 
water treatment. Water from all sources must have some form of 
purification before consumption. Various methods are used to make 
water safe to the consumer. The method employed depends on the 
character of the raw water. One of the problems with treatment of 
surface water is the large seasonal variation in turbidity. For the 
treatment of surface water, some traditional chemicals are used during 
the treatment of surface water at its various steps. Commonly used 
chemicals for various treatment units are synthetic organic and 
inorganic substances. In most of the cases, these are expensive since 
they are required in higher dose and do not shows cost effectiveness. 
Many of the chemicals are also associated with human health and 
environmental problems so, there raised a voice to develop cost- 
effective, easier and environmental friendly process of water 
clarification. In recent years there has been considerable interest in 
the development of usage of plant natural coagulants. These 
coagulants are biodegradable and are presumed to be safe for human 
health. In addition natural coagulants produce readily biodegradable 
and less voluminous sludge that amounts only 20– 30% that of alum 



 
Summary 

 

108 
 

treated counterpart. The use of clean up technologies without 
producing other harmful  waste  products is required as best option 
using vegetation to remove, detoxify, or stabilize persistent pollutant 
is an accepted tool for cleaning of polluted soil and water. 

The production of drinking water from most raw water sources 
involves coagulant use at a coagulation or flocculation stage to  
remove turbidity in the form of suspended and colloidal material. 
Many coagulants and flocculants are widely used in conventional 
water treatment processes. These materials can be classified into 
inorganic coagulants (e.g. aluminium and ferric salts) and synthetic 
organic polymers (e.g. polyacryl amide derivatives and polyethylene 
imine). Aluminium salts are cheap and are the most widely used 
coagulants in water and wastewater treatment all over the world. 
Regarding the application of synthetic polymers, the presence of 
residual monomers is undesirable because of their neurotoxicity and 
strong carcinogenic properties. 

Natural coagulants have been used for domestic household for 
centuries in traditional water treatment in rural areas. Now a day,  
some reports describe natural coagulants from plants are used for 
natural water purification. The use of plant seed materials is receiving 
attention for their effectiveness in wastewater treatment. The 
technologies involved are economical, traditional and easy to 
implement and ideal for rural areas. The process being biological 
in nature does not generate any non-treatable wastes. These  
processes are easy to operate and require little or no maintenance. For 
the future development of the use of plant materials for wastewater 
treatment, other native plants and plant materials should be 
investigated as coagulants for color and turbidity removal. 



 
Summary 

 

109 
 

Review of literature: 

Phytoremediation is divided into different areas such as 

phytoextraction, rhizofiltration, phytostabiilzation, phytodegradation, 

rhizodegradation and phytovolatilization . Phytoextraction also called 

by the name of phytoaccumulation, refers to the uptake and 

translocation of metal contaminants in the soil by plant roots into the 

aerial parts of plants (Eaphan et al., 2005). 

(Md. Asrafuzzaman et al., 2011) reported that some locally 

available natural coagulants for example Moringa oleifera, Cicer 

arietinum, Dolichos lablab used for significant improvement in 

removing turbidity and total coliforms from synthetic raw water. 

Maximum turbidity reduction was found for highly turbid waters. 

After dosing, water-soluble extract of Moringa oleifera, Cicer 

arietinum, and Dolichos lablab reduced. It was also found that these 

natural coagulants reduced about 89–96% of total coliforms. 

(G.Muthuraman et al., 2013) studied coagulation-flocculation 

followed by sedimentation and filtration is the most commonly used 

water treatment process in which turbidity or particles removal is 

strongly dependent on proper coagulant dosage, effect of pH ,effect of 

time, jar test and settling column tests were perform. (Tasneembano 

Kazi1 et al., 2013) reported Natural coagulants are used as point-

of- use technology in less-developed communities, since they are 

relatively cost-effective compared to chemical coagulants. Also they 

can be easily processed in usable form and biodegradable. Cicer 

arietinum, Moringa oleifera, and Cactus were used as  locally 

available natural coagulants used to reduce turbidity and COD of 

tannery wastewater. (Daniyan S. Y. et al., 2011) revealed 
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phytochemical analysis of the crude seed extracts of Jatropha .curcas 

and analysed the presence of alkaloid, glycosides, flavonoid and 

carbohydrate. The ability of the crude seed extracts of Jatropha  

curcas to inhibit bacteria and fungi is an indication of its broad 

spectrum antimicrobial potential which may be employed in the 

management of microbial. The antimicrobial effects of the methanol, 

ethyl acetate and hexane extracts of Jatropha curcas seed. The ability 

of the crude seed extracts of J. curcas to inhibit bacteria and fungi is 

an indication of its broad spectrum antimicrobial potential which may 

be employed in the management of microbial infections. According to 

(Mangale S. M et al., 2012) Moringa oleifera seeds acts as a natural 

coagulant, flocculent, absorbent for the treatment of drinking water. It 

reduces the total hardness, turbidity, acidity, alkalinity, chloride after 

the treatment. It also acts as a natural antimicrobial active against the 

micro-organisms which is present in the drinking water and decrease 

the number of bacteria. Moringa oleifera seed is not giving any toxic 

effect. It is eco-friendly and cheaper method of purification of water 

and therefore can be used in the rural areas where no facilities are 

available for the treatment of drinking water. (Sonal Choubey 2013) 

reported the performance of Strychnos potatoram seed extract as 

primary coagulant and compared with the performance of alum. 

Strychnos potatoram seed extract is effective as prime coagulant. 

The effectiveness of Strychnos potatoram in the removal of turbidity, 

total hardness, pH, COD, BOD and total dissolved solids (TDS) has 

been investigated. The results obtained from this study satisfy the 

drinking water standards prescribed by world health organization 

(WHO). Strychnos potatoram was found to be especially effective in 

reducing the parameters like turbidity, BOD, COD, hardness. 
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Obtained sludge cakes, with high content of proteins could be used as 

a fodder, but additional analyses should be conducted first. 

Phytochemical characterization using various solvent extracts was 

studied by (Neha grover et al., 2013) indicate that various extracts of 

the leaf  and flower of Woodfordia fruticosa were screened for the 

presence of steroids, reducing sugars, alkaloids, saponins, tannins, 

flavonoids, terpenoids, anthraquinones, glycosides and Vitamin by 

standard qualitative test procedures and further this study was 

extended by analyzing the potent bioactive compounds in the 

methanolic extract of Woodfordia fruticosa leaves using GC-MS 

analysis. In the qualitative phytochemical screening using various 

solvent extracts of plant, it was found that most of the biologically 

active phytochemicals were present in the methanolic extract of 

Woodfordia fruticosa leaves. The GC-MS analysis revealed the 

presence of twenty one compounds in the methanolic leaf extract of 

Woodfordia fruticosa. In the field of molecular modeling, docking is a 

method which predicts the preferred orientation of one molecule to a 

second when bound to each other to form a stable complex. 

(Lengauer and Rarey, 1996) Knowledge of the preferred orientation 

in turn may be used to predict the strength of association or binding 

affinity between two molecules using for example scoring functions. 

In the context of molecular modelling, docking means predicting the 

bioactive conformation of a molecule in the binding site of a target 

structure. (Blaney and Dixon, 1993) In essence, this is equivalent to 

finding the global free energy minimum of the system consisting of 

the ligand and the target. (Verkhivker et al., 2000; Totrov and 

Abagyan, 1997) 
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Material and Methods: 

(A) Phytochemical analysis:  

Sample Collection: Riped fruits (pods) of Cicer arietinum 

(Fabacae), Jatropha curcas (Euphorbiacae), Moringa oleifera 

(Moringacae) and Strychnos potatorum  (Loganiaceae ) (Table-3)  

collected from seed suppliers JDG seed company Neemuch. 

Sample Treatment: The seeds are peeled to obtain the nuts and 

dried in an oven for 1hr. Thereafter grind the dried seeds and sieved 

to mesh size of 150 pm. 

Solvent Extraction: The general techniques of medicinal plant 

extraction include maceration, infusion, percolation, digestion, 

decoction, Soxhlet extraction, aqueous-alcoholic extraction by 

fermentation, counter-current extraction, microwave-assisted 

extraction, sonication and supercritical fluid extraction. Successful 

determination of biologically active compounds from plant material is 

largely dependent on the type of solvent used in the extraction 

procedure. Solvent extraction was done by using soxhlet extraction 

method. 

Phytochemical analysis: Various extracts of the seed powder 

were screened for the presence of, alkaloids (Mayer’s test), phenolics 

(Ferric chloride test), flavonoids (Aqueous sodium hydroxide test), 

steroids (Salkowski’s test), saponins (Sodium bicarbontate test).  

Detection of antimicrobial activity: Antibacterial assay was 

analysed by using agar well diffusion assay and observed inhibition 

zone formed around the well to detect antimicrobial activity. 
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(B) Biochemical analysis: Water quality was determined by 

estimating physical and chemical characteristics of water. Water 

sample was collected for near Chambal River by fabricated water 

sampler of 1L capacity and transported to lab where analysis was 

done during the period of 2 days. Preservation of waste water sample 

and methodology of analysis was referred from APHA-AWWA 

WPCF (1980). The physical parameters such as pH, turbidity were 

analyzed by using respectively pH meter and turbidity meter. While 

Alkalinity, Dissolved oxygen were determined. 

(C) Phytochemical Analysis by Gas Chromatography-Mass 

Spectroscopy (GC-MS): Plant extracts was prepared by taking seed 

powder in stopper reagent bottle and mixed with solvent (Methanol) 

and kept for 12 hours in the dark, at room temperature with 

intermediate shaking. The screening of phytochemicals was carried  

out by taking 1 ml concentrated extract on Gas Chromatography Mass 

Spectroscopy (GC-MS - Model; QP 2010 series, Shimadzu, Tokyo, 

Japan) at Jawaharlal Nehru center for advance scientific research 

(JNCASR) Delhi. 

(D) Molecular Docking: Molecular docking was used to evaluate 

the feasible binding geometries of a putative ligand with a target 

whose 3D structure is known. The binding geometries often called 

binding modes or poses include both the positioning of the ligand 

relative to the receptor ( ligand configuration) and the  conformational  

state of the ligand and the receptor. NCBI, PubChem,PubMed and 

Open Babel was used for molecular docking. 
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Observation and Results:  

In present investigation various plant species has been selected 

as study material belonging to different families. These plants are 

Cicer arietinum, Jatropha curcas, Moringa oleifera and Strychnos 

potatorum (Table-3). Various secondary metabolites or 

phytochemical constituents like Alkaloids, Flavanoids, Phenol, 

Saponin, and Steroids were also assessed for different plant seed 

solvent extract. In Cicer arietinum all component present except 

phenol in ethanolic extract. Alkaloid and steroids were absent in 

methanolic extract. In Jatropha curcas Saponin in ethanolic and 

methanolic extract was absent but Flavanoids and Phenol were 

present in higher amount in methanolic extract. In Moringa oleifera 

Saponin was absent in  both  ethanolic  and methanolic extract. 

Whereas Phenol in ethanolic extract was present in higher amount. In 

Strychnos potatorum all  components were shown their presence in 

both ethanolic and methanolic extract (Table 6, Plate 4 & 5). 

Water samples before and after treatment was estimated in the 

form of colour, odor and clearity. In all samples control was very 

cloudy in clearity offensive in odor and dirty brown in colour. Where 

as a Moringa oleifera and Strychnos potatorum was similar in clarity 

which was very clear, odorless in odor and totally colourless.  

Jatropha curcas was clear, slightly odorfull and light brown in 

colour. On the other hand Cicer arietinum was cloudy clear, slightly 

odorfull and light brown in colour (Table 5, Plate- 4). 

Two different concentrations (50 mg/l and 100 mg/liter) were 

estimated on the behalf of pH before and after treatment of water 
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sample. In all samples control shows maximum pH in both 

concentrations (8.22, 8.22). In concentration 50 mg/l pH of Strychnos 

potatorum shown maximum pH (8.20) followed by equally Moringa 

oleifera and Cicer arietinum (8.15) and the minimum concentration 

was 8.11 of sample B. 

On the other hand the concentration of 100 mg/l maximum pH 

was 7.95 of Moringa oleifera which was followed by sample 

Strychnos potatorum (7.70); Jatropha curcas (7.21) and Cicer 

arietinum (7.15) respectively (Table-12, Figure- 4B). 

Comparative analysis of alkalinity of water before and after 

treatment with seed powder was observed in increasing order from 

Cicer arietinum to control. Maximum alkalinity was estimated (124) 

for control and minimum was (98) for Cicer arietinum (Table-14, 

Figure-6B). 

Final turbidity was maximum in sample Jatropha curcas,  

(12.6) and minimum in sample Moringa oleifera (7.4) maximum 

turbidity was examined in control that was (54.0) 

DO of all samples were examined before and after treatment 

with seed powder. DO of untreated water was 0.2. Maximum Do was 

reported in Cicer arietinum (4.5) which is followed Moringa oleifera 

and Strychnos potatorum. Minimum DO was 2.6 shown by Jatropha 

curcas (Table-15, Figure-5A). 

Maximum BOD was estimated in control (70). In various 

treated Cicer arietinum show maximum BOD (41) followed             

by Moringa oleifera and Strychnos potatorum respectively.  
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Minimum BOD was represented by Jatropha curcas (22) (Table-16,        

Figure-5B). 

% yield of secondary metabolite of each sample were estimated 

in ethanolic extract. For this purpose plant material of each sample 

was taken in the amount of 20 gm. For Cicer arietinum weight of 

extract was 1.12; yield was 5.6. For Jatropha curcas weight of extract 

was 0.86; yield was 4.3. For Moringa oleifera weight of extract was 

1.81; yield was 9.0. For Strychnos potatorum weight of extract was 

2.12; yield was 10.6. Two types of texture were observed that is oily 

and gummy. Likewise colour of extract Yellowish brown to brown 

colour was recorded. 

Antimicrobial activity of Cicer arietinum maximum inhibitory 

zone size was reported in erythromycin against all bacterial strain  

and minimum was in 50 mg/ml concentration of extract (Table-7, 

Figure-1A). 

Antimicrobial activity of Jatropha curcas methanolic extract 

shown (0 mm) zone size of Bacillus subtilis and Pseudomonas 

aeruginosa were reported in 50 and 100 mg/ml concentration (Table-

8, Figure-1B). Maximum inhibitory zone size (23 mm) was reported 

in 200 mg/ml against Escherichia coli bacterial strain. Antimicrobial 

Properties of M. oliferea methanolic extract increasing pattern of zone 

of inhibition was observed for Bacillus subtilis and Escherichia coli 

but Pseudomonas aeruginosa maximum zone size (15 mm) was 

reported in 200 mg/l of extract. 50 mg/l concentration of extract 

ineffective against all test organisms (Table-9, Figure-2A). 

Antimicrobial Properties of Strychnos potatorum methanolic extract 



 
Summary 

 

117 
 

increasing pattern of zone of inhibition was observed for Bacillus 

subtilis, Escherichia coli and Pseudomonas aeruginosa. Maximum 

zone size (20 mm) was reported of erythromycin (Table-10,     

Figure-2B). 

The GC-MS analysis of Cicer arietinum seeds methanolic 

extract revealed the presence of various bioactive compounds such as 

2-Propyl-tetrahydropyran-3-ol/ N-Acetylmannosamine, 4-O- 

Methylmannose, 5-Hydrxoymethylfurfural, Linoleic acid, n- 

Hexadecanoic acid along with other minor constituents were also 

present (Table-17, Figure-7). The GC-MS analysis of Jatropha 

curcas seeds methanolic extract revealed the presence of many 

bioactive compounds such as Glycerin, 9,12-Octadecadienoic acid, 

Ethyl  2-acetylhexanoate,  Methyl hexofuranoside, n-Hexadecanoic 

acid along with other minor constituents were also present (Table-18, 

Figure-8 ). Methanolic Extract of Seeds of Moringa oleifera shown 

the presence of many bioactive compounds such as 1, 2, 3-

propanetriol/ glycerol, Benzeneacetonitrile, Oleic acid,                      

n-Hexadecanoic acid, momeinositol , D-Sorbitol along with other 

minor constituents were also present (Table-19, Figure-9). Results 

confirmed the presence of potent biocoagulant compounds in the seed 

extract. The GC-MS analysis Methanolic extract of seeds of 

Strychnos potatorum revealed the presence of many bioactive 

compounds such as Oleic acid, n- Hexadecanoic acid, Alpha amyrin, 

D-Allose, Nonanoic acid, Isosorbide along with other minor 

constituents (Table-20, Figure-10). 

Properties of various bioactive compounds were obtained from 

RASMOL and Pubchem demonstrate structure, hydrogen bonds and 
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other hydrophobic interactions that stabilize the ligands at the target 

site and help alter binding affinity. Different chemical properties was 

shown by chemical constituent including number of hydrogen bond 

donor count, Hydrogen bond acceptor count and number of 

covalently bounded unit (Table 21-31). 

Table: Show Result of some Phytochemical Parameters 
 

Phyto 
Chemicals 

Para-
meters 

Cicer 
arieti-
num 

Jatropha 
curcas 

Moringa 
 oleifera 

Strychnos 
potatorum Control 

Alkaloids + + + +  

Flavanoids + ++ + +  
Phenol - ++ ++ +  

Saponin + - - +  

Steroids + + + +  

Weight of 
extract 1.12 gm 0.86 gm 1.81 gm 2.12 gm 20 gm 

pH 7.15 7.21 7.95 7.70 8.22 

Alkalinity 98.0 ±  
0.62 

100.0 ± 
0.51 

116.0 ± 
0.51 

120.0 ± 
0.43 

124.0 ±  
0.72 

Turbidity 8.4 ±  
0.83 12.6 ±  0.62 7.4 ±  0.29 7.8 ±  0.29 54.0 

DO 4.5 ±  
0.36 2.6 ±  0.49 3.0 ±  0.47 2.9 ±  0.43 2.9 ±  0.43 

BOD 41 ±  
1.3 22 ±  0.42 26 ±  0.53 25 ±  0.55 70 ±  0.46 

Zone of 
inhibition 
(mm) 

BS: 6 
EC:14 
PA:13 

BS: 0 
EC: 12 
PA: 0 

BS: 14 
EC:12 
PA:11 

BS: 9 
EC:11 
PA:113 

BS: 13 
EC:20 
PA:16 
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Conclusion: 

There is an increasing interest in the phytochemical 

compounds, which could be relevant to their nutritional incidence and 

their role in health and disease. In recent years the interest for the 

study of the organic compounds from plants and their activity has 

increased.  

It has been evident from our findings that the usage of plant 

sbased natural coagulants represents a fundamental development in 

sustainable environmental technology for the improvement of quality 

of life for communities. In an era of increasing environmental 

concerns, water scarcity admits the draw backs of chemical 

coagulants and poor sanitary facilities in most low income earning 

countries, the need to further develop natural coagulants as alternative 

environmentally favorable water purifying chemicals is exigent. The 

usage of bio-coagulants derived from plant based sources represents a 

vital development in ‘grassroots’ sustainable environmental 

technology through cost effectiveness. 

Design natural water purification techniques using plants 

extracts for bioremediation of turbid water. Application of this low- 

cost protocol will be recommended for simplified, point-of-use, low- 

risk water treatment where rural and peri-urban people living in 

extreme poverty are presently drinking highly turbid and 

microbiologically contaminated water. The ultimate purpose of 

proposed research study is to come up with a compendium of plant 

coagulants that could be used as a technology that is cost effective 

and ecofriendly. It is felt that further research can be conducted by 
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using the information described in this review as a platform to 

discover other plant species which are non-toxic and can be mass 

produced.  

The decisive purpose of proposed research study is to come up 

with a compendium of plant coagulants that could be used as a 

technology that is cost effective and ecofriendly. It is felt that further 

research can be conducted by using the information described in this 

review as a platform to discover other plant species which are non-

toxic and can be mass produced. However, detailed studies are 

necessary to completely delineate the appropriate mechanisms like 

co- precipitation, co-flocculation, and self-agglomeration involved in 

the turbidity removal by various natural coagulants used, so that it can 

be applied on a large scale treatment basis. The results of these 

findings will lead to the development of household water treatment 

methods and a transfer of scientific knowledge to the rural people 

who are using natural coagulants. This work and our finding may have 

small start. 
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Appendix : I Drinking Water Standard Parameters 

 

All values in mg/L except pH 
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Appendix : II WHO Standards for Drinking water 

 

All values except Turbidity, pH and Electric Conductivity are expressed in mg/L 

 




