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Introduction 

Nanoscience is a new branch of interdisciplinary 

science which can be described as the fundamental 

properties, synthesis and application of nano size objects 
[1]

.  

The prefix „Nano‟ means one billionth or 10
-9

 units. 

Therefore, nanoparticles are clusters of atoms in the size 

range of 1-100 nm 
[2]

. Metal nanoparticles can be prepared by 

two methods- The Physical and the Chemical method. The 

physical method includes methods like evaporation or 

condensation and laser ablation. The chemical method 

includes metal ions in solution being reduced in conditions 

favouring the formation of small metal clusters or aggregates 
[3]

. However physical and chemical methods are extremely 

expensive and involve the use of various harmful chemicals 

that harm our environment. Hence scientists have come up 

with a third method of production- that is Biological 

synthesis. This includes synthesis of nanoparticles using 

bacteria, fungi and plant extracts. The main advantage of 

using plant extract is that they are easily available, nontoxic 

and contain several metabolites like terpenoids, flavonoids, 

ketones, aldehydes, amides, and carboxylic acids that reduce 

silver ions. The exact mechanism for each plant varies as the 

involved phytochemicals also vary from plant to plant 

however the major mechanism includes reduction of ions 
[4]

. 

Also, plant extract itself display antimicrobial activity owing 

to their phytochemical constituents like phenolic compounds. 

Recently nanotechnology has been applied for the 

development of new antimicrobials to manage the pathogenic 

bacteria that causes havoc for agricultural crops, humans and 

animals. Recently there have been several new developments 

in nanomaterial synthesis like polymeric carbon based and 

metallic nanoparticles that can be applied in managing 
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bacterial plant diseases 
[5]

.A barrier that prevents the easy 

entry of external agents into plant cells is indeed the plant cell 

wall. The pore diameter of the cell wall varies from 5 to 20 

nm. Therefore, only nanoparticles or nanoparticle aggregates 

can cross the cell wall to enter the plasma membrane with a 

diameter lower than the pore diameter. They can also enter 

through stomatal openings or leaf bases of trichomes when 

applied to leaves and are translocated from there to different 

tissues
 [6].

Some experiments have shown that nanoparticles 

are not benign and can affect cellular, subcellular and protein 

levels. Nanoparticles migrate across the body and deposit in 

target organs, infiltrate cell membranes, lodge in 

mitochondria, and cause injurious reactions
[7].

 Silver 

nanoparticles (AgNPs) are the most widely used in today's 

research. Silver ions are known for their potent inhibitory and 

bactericidal effects. Silver is also known to have been 

successful against burns, chronic osteomyelitis urinary tract 

infections etc. Several proposals exist to explain the 

antimicrobial effects of silver ions. The most accepted 

proposal is that the heavy metals react with proteins by 

combining with the SH (thiol) groups which inactivates the 

proteins 
[8]

. Due to these properties silver is widely used to 

make nanoparticles. Also, the antibacterial activity is closely 

related to the size of the particles; that is smaller the silver 

nuclei higher is the antibacterial activity. For effective 

utilisation of Silver Nanoparticles (AgNPs) it is necessary for 

them to be available at cheaper rates. As antibacterial agents 

AgNPs have a wide range of applications in disinfecting 

medical devices and water treatment 
[9]

. Recently AgNPs 

were also used in the textile industry to produce silver 

nanocomposite fibres that incorporated silver nanoparticles 

inside the fabric and exhibited high antimicrobial activity 

against E. coli 
[10]

.Micromolar doses of silver ions are enough 

to kill bacteria but has no harmful effect on humans while 

silver at very high concentrations may be toxic to mammals, 

freshwater and marine organisms and disrupt the biological 

functions of cells 
[6]

. Shape of nanoparticles also affects their 

activity. According to a study conducted truncated triangular 

nanoparticles show bacterial inhibition at concentration of 

1µg while spherical nanoparticles require a concentration of 

12.5µg. Thus, silver nanoparticles with different shapes have 

different effects on bacterial cells 
[11]

.  Hence control of size 

and size distribution is considered important which can be 

controlled depending on the chosen method of synthesis and 

the reducing agents 
[10]

. The surface plasmon resonance plays 

an important in determination optical spectra of metal 

nanoparticles which shifts to a longer wavelength with the 

increase in particle size. The small size of the nanoparticle 

means that it has large surface area to meet bacterial cells and 

has a higher percentage of interaction when compared to 

larger particles 
[12]

. New multi drug resistant strains of 

bacteria have become a serious problem in public health. 

These resistant bacteria and high price antimicrobial drugs 

have led scientists and researchers to find drugs which are 

broadly applicable and are economically viable. Since silver 

has broad antimicrobial activity against both gram positive 

and gram-negative bacteria, AgNPs with high surface/volume 

fraction are being extensively used. Therefore, silver 

nanoparticle impregnated medical devices like masks and 

implantable devices that exhibit antimicrobial activity has 

gained a lot of popularity 
[13]

.Nanoparticle infused creams 

dressings and gel extensively reduce bacterial infections in 

chronic wounds 
[14]

.   However according to research 

conducted AgNPs are less effective against gram positive 

bacteria when compared to gram negative ones due to thicker 

peptidoglycan in the former case 
[15]

. In this project silver 

nanoparticles are synthesised using extracts of commonly 

available weeds around Bangalore and they were tested for 

antimicrobial properties against human pathogenic bacteria- 

Escherichia coli, Staphylococcus aureus, Klebsiella 

pneumonia obtained from Apollo Hospital Bannerghatta 

road, Bengaluru. 

 

Bacterial samples:  

Three pure pathogenic bacteria samples obtained from 

Apollo hospitals were used in this project, there 

characteristics are briefly described below:  

a) Escherichia coli: 

E.coli are gram negative and rod shaped bacteria. The 

gastrointestinal tract of warm-blooded animals is colonized 

by E. coli within a couple of hours or a few days after birth. 

But E. coli is more than a harmless intestinal inhabitant; it 

can also be a highly versatile, and frequently deadly, 

pathogen. It is responsible for several intestinal and 

extraintestinal diseases. ExPEC (Extraintestinal Pathogenic 

Escherichia coli) strains are the cause of a diverse spectrum 

of invasive human and animal infections, often leading to 

septicemia. Uropathogenic E. coli (UPEC) can cause urinary 

tract infections. EIEC (Enteroinvasive E. coli) causes a broad 

spectrum of human‟s diseases like invasive inflammatory 

colitis but may also elicit a watery diarrhoea syndrome 
[16]

.E.coli are usually sensitive to ciprofloxacin, Bactrim or 

Gentamycin. In most cases treating with antibiotics can triple 

the risk of developing hemolytic uremic syndrome leading to 

kidney failure. Hence use of AgNP may help prevent such 

situations. 

b) Klebsiella pneumonia: 

Klebsiella pneumoniae is an enteric bacillus with a 

prominent capsule and a gram-negative, lactose fermenter. 

This bacterium was linked with both Old World and New 

World primate with peritonitis, septicemia, pneumonia and 

meningitis.   Prominent polysaccharide capsules typically 

grow which increase virulence through phagocytosis defence 

of bacteria and the prevent the destruction by serum 

bactericidal factor. Any of Klebsiella pneumoniae superbug 

strains are now particularly resistant to certain antibiotics 

such as Carbapenems, which are considered last resort 

medicines. However, there is a susceptibility to ciprofloxacin 

or ofloxacin in certain strains
[17]

. 

c) Staphylococcus aureus: 
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Staphylococci are gram-positive bacteria of 0.5 to 1.5 

μm diameters distinguished by individual cocci, separated 

into clusters with grape-like in more than one plane. ng They 

are non-motile, non-spore forming facultative anaerobes. S. 

aureus is a significant pathogen that 

infects both hospitalized and stable 

immunological patients.  It may cause local skin, nose, 

urethra, vagina and gastrointestinal tract infections, which are 

often mild and do not endanger lives. Enterotoxin ingestion 

from S. Aureus can cause food poisoning in contaminated 

food
[18]

. Staphylococci are strongly resistant to the most 

widely used antibiotics, such as erythromycin 
[19]

, ampicillin 

b and tetracycline. Vancomycin is inhibiting S. 

aureus production in some cases
[20]

.  

Plant samples:  

There are approximately 250,000 species of plants 

throughout the world and it is estimated that about 8,000 of 

these species are considered as weed plants.A weed is 

considered as a plant in the wrong place, or the plants that 

grows and reproduces aggressively outside its native habitat 
[21]

. Commonly these plants are unwanted in human 

controlled areas such as farm fields, gardens, lawns, and 

parks. A plant that is weed in one context is not a weed when 

growing in a situation where it is wanted. Sometimes plants 

become dominant when introduced into new environment as 

there is no animals in that environment that feed on them, 

hence these plants grow abundantly and become weed in that 

particular area. In some conditions these weeds produce 

allelopathic chemicals which is indigenous to plants and they 

are not yet adapted to it, these chemicals may limit the 

growth of plants,germination of plants and growth of seeds 

and seedlings 
[22]

.A number of native and non-native plants 

are considered as unwanted for number of reasons 
[23]

. They 

interfere with the food and fibre production in agriculture 

hence they must be controlled in order to prevent loss of crop 

yield and also, they interfere with other cosmetic, decorative 

or recreational goals such as in lawns, landscape architecture, 

playing fields and golf courses
[24]

. The commonly available 

wees used for this research are 

 

Lantana sp: 

It is a rough textured and usually prickly shrub weed 

with oppositely arranged leaves belonging to Verbenaceae 

family. It‟s a genus consisting of about 150 species. It comes 

from tropical Americas and African countries, but occurs in 

various areas as an invasive plant. They are generally referred 

to as lantana, popular lantana, Indian curse, Camara lantana. 

Thorny shrub species Lantanas include upright shrub, half or 

more or less suspended shrub species that exceed 2-3 metres 

in height 
[25,26]

. The stems are angular, with bent spines. The 

leaves are simple, opposite, with rough lamina, oval, dented 

frequently with an acute apex. The inflorescence consists of a 

hemispheric head axillary or terminal, of several tiny tubular 

flowers, of purple, pink or orange. The fruits are fleshy 

drupes, which range in colours from blue to black around 3 

mm in diameter. The  ethanolic extracts of L. camara and L. 

montvidensis  have the antibacterial activity against  common 

and multi-resistant bacteria isolated from clinical material are 

presented against gram positive and gram negative 

strains.The in vitro antimicrobial activity of ether soluble 

fraction of upper ground parts of Lantana species and its 

Petroleum ether insoluble and soluble portions and sub 

fractions were deliberated against various Gram positive and 

Gram-negative bacteria and fungi while inactive against fungi 

tested.With the persistent manifestation of opposing 

pathogenic microorganisms, there is an emergent 

inquisitiveness in the discovery of new antimicrobial agents. 

The use of plant extracts can be great significance in 

therapeutic treatments with known antimicrobial 

properties
[27]

.The antimicrobial properties of plant have been 

examined by a numerous researcher worldwide 
[28]

. The 

extracts from the leaves exhibit antimicrobial, fungicidal, 

insecticidal, nematicidal, biocidal activity. Plant extracts are 

used as medicine for the treatment of cancers, chicken pox, 

measles, asthma, ulcers, swellings, eczema, tumors, and high 

blood pressure. 

Leucas aspera: 

Leucas aspera is a species in leucas genera and lamiaceae 

family.  They are commonly known as „Thumbai or 

Dronpushpi 
[29]

.It contains about 200 species; these species 

are widespread over Africa and Southern and Eastern Asia. 

Leucas aspera in India, Philippines as well as the plains of 

Mauritius and Java is considered as a very common weed 
[30]

. 

These are found in dry, open, sandy soil and abundantly 

found in waste areas. It is an annual herb or under shrub 

grows to a height of 15-60 mm
[31]

. It has a well-developed tap 

root system, the stem is quadrangular, much branched, and 

leaves are opposite, subsessile, liner-lanceolate, entire obtuse, 

narrowed at the base. Leaves can reach to a length of 8mm 

and 1.25mm broad and petiole length is 2.5-6mm long and 

verticillaster type of inflorescence; flowers are white, small 

and directly attached to the base of the stalk of the flower. 

Flowers are complete, bisexual, irregular, zygomorphic, 

hypogynous, and pentamerous. Fruit is 2.5mm long and it is a 

nutlet
[30]

. This plant flowers during cold season and fruiting 

occurs during hot season
[32]

.The phytochemical properties of 

both leaves and root extracts showed the presence of 

bioactive compounds like alkaloids, flavonoids, phenols, 

tannins, saponins, sterols and pigments.
[33]

Chloroform and 

Ether extracts from L. Aspera showed the existence of 

antifungal action against Trichophyton and Microsporum 

gypsum. The minimum inhibitory concentration was 

calculated to be 5 mg / mL. Leucas aspera has both 

fungistatic and fungicidal activities
[34]

. The smoke of the L. 

aspera leaves is more harmful to the filarial vector 

mosquitoes, Culex quinquefasciatus greater than synthetic 

mosquito pads, as it contains 4 percent d-allethrin
[35]

.The 

methanol extract from L. Aspera flowers display the presence 

of alkaloid residues and the flower juice has strong 

antibacterial activity
[36]

.The essential oils from L. 
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aspera showed bacteriostatic activity on different 

microbes Staphylococcus aureus, Vibrio cholerae, 

Salmonella typhi, Klebsiella aerogenes, Escherichia coli, 

Proteus vulgaris, Pseudomonas pyocyanea and Dys. 

Flexneri
[37]

. 

 

Oxalis sp: 

Oxalis is a largegenus of the flowering plants in the 

family Oxalidaceae comprising about 570 species
[38]

.The 

genus is present throughout the world, and the diversity of 

species is especially abundant in tropical Brazil, Mexico and 

South Africa. Many of the species are known as wood sorrels 

because they have an acidic flavour. Other plants are referred 

to as yellow sorrels or pink sorrels because of the hue of their 

flowers. Most plants are known colloquially as false 

shamrocks, and others are called sour grasses. It's a 

herbaceous weed. The species has many weedy traits, such as 

being readily self-pollinated, producing many seeds in a short 

period, and being able to grow quickly in open fields, which 

is why it is considered a cosmopolitan weed as it appears in 

most of the world's tropical and temperature zones. It is 

found in parks, lawns, arable land and pastures. It is a 

perennial herb with a thin main root. The stems are prostrate 

to sub erect, about 40 mm long, slender, weak, branched, 

frequently rooted at nodes, covered with flexible hairs. 

Leaves of three leaflets, alternate in colour, green or purple. 

Petiole is very short, 1-7 mm long, normally 2-3 mm long, 

wide, free, truncated apex, glabrous to densely covered with 

long hair. Lamina of leaflets equal, narrowly obcordate, 

glabrous or sparsely hairy, with densely hairy midrib below; 

narrow or wide laminate sinus, 1/2 laminate length; 1-5-

flowered inflorescence; 1-4 mm long peduncle. Bracts 2-3, 

linear or linear-lanceolate, sepals 3-4, elliptical-ovate to 

elliptical-obovate, 5-10 petals, oblong-obovate, golden, 

glabrous. Stamens at 2 levels; filaments glabrous, connate to 

the nucleus. Styles shorter than, equivalent to or marginally 

longer than stamens, 10-18 mm long capsule, 1-3 mm seed, 

wide-ellipsoid
[39]

. Oxalis produces chemicals that are 

normally harmful to bacteria. Traditionally, the powdered 

stem is used for the treatment of rheumatic knee pain and 

malaria and is also used as an expectorant. The bark is used 

to treat snakebite and bronchitis. Leaf juice is used as a 

digestive agent, antidote to reptile venoms, mild bitter tonic, 

laxative, diaphoretic and diuretic. Hepatoprotective, 

antileishmanial, antiviral and anti-fungal activity and 

analgesic, antipyretic and ulcerative activity have also been 

documented. The plant also has anti-allergic anti-helminthic 

activity and newly documented hepatoprotective activity
[40]

. 

Parthenium sp: 

Parthenium is a flowering plant genus of the family 

Asteraceae. It is endemic to the tropics of America. Popular 

names include white top marijuana, famine weed, Santa-

Maria, Santa Maria feverfew 
[41]

. It is locally referred to in 

India as carrot grass, congress grass or Gajar Ghans. In India, 

Australia and parts of Africa, it is a common invasive species 

[42]
. Parthenium is a native of the Gulf of Mexico region, 

Central America, South North America, the West Indies and 

Central South America. Mostly these are cosmopolitan in 

distribution. Parthenium is an annual herb that is increasingly 

maturing, erect and very branched. It has a dense tap root 

system that is erect and very branched, reaching up to 2 m in 

height. When the plant matures into a hardy bush, the stem is 

hairy, octangular, longitudinally grooved and becomes robust 

and woody.Leavesare simple, alternating, pinnately or 

bipinnately dissected, growing smaller towards the apex of 

the branches. Four kinds of glandular and non-glandular, 

multicellular white trichomes are covered by the stem and 

leaf surface. The flowers are creamy white, growing from the 

leaf forks, about 4 mm long. A large amount of anemophilous 

pollen grains are made. With thin white scales, each flower 

produces four to five black wedge-shaped seeds that are 2 

mm long. 
[43]

 The antiviral, antifungal, antibacterial, 

antihelmintic, antimolluscal, and anti-inflammatory effects of 

parthenium have been recorded in so many investigations. In 

Escherichia coli, Bacillus subtilis, Enterococcus sp., 

Staphylococcus aureus, Pseudomonas aeruginosa, Bacillus 

cereus, Enterobactor aerogenes, Aspergillus niger, Candida 

albicans, Aspergillus flavus, various researchers have 

reported antimicrobial efficacy.  In parthenium the 

antimicrobial efficacy is due to the presence of five 

terpenoids, volatile oils and flavonoids as well as amino acid, 

sugars and phenolic derivatives. Parthenium showed good 

activity against pathogenic microorganisms where modern 

antibiotic therapy has failed.  The crude extracts obtained 

from the parthenium may be used to treat the infections 

caused by Bacillus subtilis, S. aureus, P. 

aeruginosa and Saccharomyces cerevisiae
[44]

. 

Tridax sp.  

As a common weed and pest herb of the Compositae 

family (Asteraceae), it is best knownas the coat buttons or 

tridax daisy. It is endemic to the tropical Americas, but has 

been spread worldwide to tropical, subtropical and mild 

temperate areas. Tridax is an annual, often perennial, 

ascending herb prostrate with a flowering axis of up to 50 

mm long. It is coated in hair that is rigid and upright. Simple, 

opposite, thick, egg shaped with deeply toothed edges, and 

covered with dense hair are the leaves, borne on stalks. Like 

flower-heads, a daisy is born on long stalks. They consist of a 

central disc of several yellow tubular florets, including 

cream-colored florets, surrounded by 4-7 petals. The fruit is 

an achene topped with white bristles on a tuff.The 

antibacterial activity of Methanolic and ethyl acetate extracts 

of Tridax procumbens were examined against Escherichia 

coli, Klebsiella pneumoniae, Salmonella typhi, Bacillus 

cereus and Staphylococcus aureus. Antibacterial activity was 

investigated by disc and agar well diffusion method. The 

ethyl acetate extracts of the Tridax procumbens showed 

effective inhibition against staphylococcus aureus than 

compared to another organism. Tridax has been used for 

wound healing and as an anticoagulant, antifungal and 

https://en.wikipedia.org/wiki/Genus
https://en.wikipedia.org/wiki/Flowering_plants
https://en.wikipedia.org/wiki/Oxalidaceae
https://en.wikipedia.org/wiki/Species
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=amino+acid
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=Bacillus+subtilis
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=Saccharomyces+cerevisiae
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repellent for insects in India. Juice derived from the leaves is 

added directly to the wounds. Its leaf extracts have been used 

in common medicines for infectious skin diseases. It is used 

for liver diseases, hepato-protection, gastritis and heartburn in 

ayurvedic medicine. Various pharmacological effects have 

been reported for Tridax extracts, such as mosquito repellent 

activity, leishmanicidal, hepatoprotective effect on the 

antioxidant system of the liver, immunomodulatory effect, 

activity of wound healing and antiprotozoal effects. Plants 

have an infinite potential to synthesise aromatic compounds, 

most of which are derivatives of phenols or oxygen 

substituted by them. Some are metabolites that are secondary. 

These compounds act as pathways for plant defence against 

predation by bacteria, insects and herbivores. Some 

terpenoids are plant dye, some are plant flavouring agents 

and others are having medicinal properties 
[45]

. 

 Materials And Methods 

Preparation of plant extracts: 

About 100 grams of fresh, green, healthy leaves of 

weed samples were collected from in and around waste lands 

of Bangalore and identified by the Department of Botany, St. 

Joseph‟s Post Graduate and Research Centre. The leaves 

were washed with running tap water and double distilled 

water to remove the surface debris and other contaminated 

organic contents. The leaves were shade dried for about 7-10 

days depending on the plant samples. And then they were 

finely powdered using a mixer and stored in a clean dry air 

tight bottle. Collection of plant sample and drying has been 

depicted in figure-1. 

About 10 grams of finely powdered leaf samples were 

homogenized with 100ml of solvent such as Acetone, 

Methanol, Petroleum ether and water using pestle and mortar. 

This extract was taken in beaker and covered with aluminium 

foil and heated in water bath for 20 minutes for complete 

exudation of all phytochemicals
[46]

.This plant extract was 

centrifuged at 5200 rpm for about 10-15 minutes, the 

supernatant was filtered using Whatman number-1 filter 

paper to further purify the extracts and remove the other 

minute debris. This clear extract was stored in clean, dry, 

sterile, labelled glass vials 
[47]

. 

Green synthesis and characterization of silver 

nanoparticles (AgNPs): 

0.1M of 100mL Silver nitrate (AgNO3) solution was 

prepared freshly in an Erlenmeyer flask and stored in clean, 

dry, brown, glass bottles.10mL of plant extract wastaken in a 

beaker and 10mL of AgNO3 solution was added. This setup 

was incubated in dark chamber for 24 hours at room 

temperature to reduce photo-activation of silver nitrate. After 

24 hours color change was noticed.Formation of silver 

nanoparticles was confirmed by the color change in the 

solution after 24-hour incubation in the dark 
[48]

.Silver 

nanoparticles are extraordinarily efficient at absorbing and 

scattering light and have a color that depends on the size and 

shape of the particles. In solution the larger the particles, 

more brownish red the solution is. Particles larger than 

400nm have a reddish solution. The U.V Visible 

Spectroscopy was also used to confirm the formation of 

AgNPs which is based on their optical properties. 

Absorbance was measured between 200nm to 800nm with 

resolution of 1nm by taking the sample in quartz cuvette. 

Typical silver nanoparticles have peak in their absorbance 

values in the visible range of 446-448 nm 
[49,50]

. 

Culturing of bacterial samples: 

Pure ATCC Bacterial strains of Escherichiacoli, 

Klebsiellapneumonia, Staphylococcusaureuswere obtained 

from Apollo Hospital, Bannerghatta Road, Bengaluru. The 

cultures were obtained on Blood Agar Media. Each of the 

bacterial strains was sub cultured on Brain Heart Infusion 

media (BHI). A permanent stock was prepared on BHI agar 

for future sub culturing purposes and a working stock was 

prepared in the form of BHI broth for immediate purposes. 

The subcultures were prepared in the microbiology lab of St. 

Joseph‟s College, Post Graduate and Research Centre.  

 

 

 

Preparation of BHI media for subculturing: 

37g of media was dissolved in one litre of distilled 

water in a conical flask.The solution was boiled for one 

minute with frequent agitation to completely dissolve the 

media. (17g of agar agar was added to one litre of media to 

prepare BHI agar if required) pH was maintained around 7.3 

± 0.1 at 25ºC.The media was Autoclaved at 121°C for 15 

minutes. Later it was cooled to room temperature, labelled 

and stored at 4
o
C for further use. 

Sub culturing of bacteria: 

In order to subculture the required bacteria in a broth, 

a scoop of bacteria was collected from the original pure 

culture plate and inoculated into sterilized broth to prepare 

the working subculture.The bacteria were streaked using 

quadrant streaking method on the prepared BHI agar plates to 

prepare the permanent stock from the original stock. 

Figure.1: Collection and drying of samples. 
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Assessment of anti-microbial assay using well diffusion 

method: 

38g of Mueller-Hinton Agar (MHA) media was 

dissolved in one litre of distilled water.With frequent 

agitation the media was boiled for one minute to completely 

dissolve and it was autoclaved at 121°C for 15 minutes and 

later cooled to room temperature (The final pH was 

maintained at 7.3 ± 0.1 at 25ºC).Cooled Mueller Hinton Agar 

media was poured into clean, sterile petri dishes on a level, 

horizontal surface to give uniform depth. This was performed 

inside the Laminar Airflow Chamber. The plates were 

allowed to cool at room temperature.After solidification of 

the media, 200 µL of bacterial sample were inoculated into 

the petri plates using sterile, autoclaved ear budsor L shaped 

Glass rod and spread uniformly. Four wells were punched on 

each plate. 500 µL of Acetone extract, Methanol extract, 

Petroleum ether Extract, Water extract of plant sample was 

loaded in each of the wells. In another plate consisting of four 

wells, 500 µL of Acetone extract, Methanol extract, 

Petroleum ether Extract and Water extract of plant samples 

containing Silver Nanoparticles (AgNP‟s) were loaded in 

each of the wells. Control (solvent used for extraction like 

Acetone, Methanol, Petroleum ether)and commercially 

available anti-biotic disc like Chloramphenicol and 

Norfloxacin was loaded in another plate with four wells. The 

plates were incubated at 37°C in the incubator for 24 hours. 

Results were observed, diameter of the Clearing zones were 

noted down, photographed and the data was tabulated. 

 Results 

Antimicrobial activity of Lantana: 

Table-1 shows the clearing zone activity of various 

extracts of Lantana while figure-2 depicts their graphical 

representation. In case of all 3 bacteria the plant extracts give 

no or minimal clearing zone indicating that the plant extracts 

have no antimicrobial activity.However, in case of E.coli, 

Acetone and Methanol extracts show minimal clearing zone 

of diameter 2.0 mm and distilled water and Petroleum ether 

extracts show no clearing zones. In case of K.pneumoniae, 

Acetone, Distilled water and Methanol extracts showed 

minimal antimicrobial activity with diameter of 2.0 mm, 2.0 

mm, and 4.0 mm respectively. In case of S.aureus none of the 

plant extracts showed any antimicrobial activity. Hence it is 

indicated that Methanolic leaf extracts are slightly effective 

against E.coli and S.aureus with a high MIC value 
[51]

.  The 

Acetone extract usually contains components accounting like 

Linoleic acid (54.9%), palmitic acid (5.4%) and oleic acid 

(5.4%). Water is an excellent solvent for extraction of polar 

compounds; the dissolved components usually are 

responsible for the antimicrobial activity.The AgNPs 

obtained from the extracts on the other hand showed 

comparatively more antimicrobial activity than the plant 

extracts. In case of E.coli, Methanol and Petroleum ether 

AgNPs show the maximum antimicrobial activity with a 

clearing zone of diameter 20 mm each. The Acetone AgNPs 

showed a little less antimicrobial activity compared to the 

other two extracts with a clearing zone of 16 mm whereas the 

AgNPs from the distilled water extracts did not show any 

antimicrobial activity. The dissolved components in the plant 

extracts act as reducing agents that reduce silver nitrate into 

silver ions 
[52]

.  

 

 

Clearing 

zone in 

E.coli 

(mm) 

Clearing 

zone in 

K. 

pneumonia 

(mm) 

Clearing 

zone in 

S. aureus 

(mm) 

 

Acetone 

Extract 

Plant 

extract 
0.2 0.2 0.0 

AgNPs 

Solu. 
1.6 1.0 1.0 

Distilled 

water 

extract 

Plant 

extract 
0.0 0.2 0.0 

AgNPs 

Solu. 
0.0 0.2 0.4 

 

Methanol 

extract 

Plant 

extract 
0.2 0.4 0.0 

AgNPs 

Solu. 
2.0 0.6 0.4 

Petroleum 

ether 

extract 

Plant 

extract 
0.0 0.0 0.0 

AgNPs 

Solu. 
2.0 0.4 0.6 

 

 

 

Antimicrobial activity of Leucas aspera: 

Table-2 shows the clearing zone activity of various 

extracts of Leucas aspera while figure-3 depicts their 

graphical representation. In case of E.coli, the Acetone plant 

extract gave the largest clearing zone with a diameter of 10 

mm followed by Methanol extract which gave a clearing zone 

of diameter 2.0 mm. In case of K.pneumonia, Acetone and 

Methanol extracts show minimal clearing zones with a 

diameter of 2.0 mm each. Distilled water and Petroleum ether 

extracts do not show any clearing zones. In case of S.aureus, 

none of the plant extracts do not show any clearing zones 

indicating lack of antimicrobial activity. On the contrary, 

Figure.2: Graphical representation of Antimicrobial activity of 

Lantana sp. 

Table.1: Clearing zone of Lantana plant extract against the 

bacterial samples. 
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according to Ai Lan Chew et al, the Methanolic leaf extracts 

of Leucas exhibited no antimicrobial activity against E.coli 

however the Methanolic leaf extracts showed minimal 

antimicrobial activity against S.aureus
[53]

. Against E. coli, the 

AgNP obtained from distilled water extract was the most 

effective, showing a clearing zone of diameter 24 mm 

followed by AgNP obtained from Methanol and Petroleum 

ether extract showing clearing zone of diameter 20 mm each. 

This is followed by the AgNP obtained from the Acetone 

extract, showing a clearing zone of diameter 16 mm. Against 

K. pneumonia AgNP obtained from Petroleum ether extract is 

the most effective showing a clearing zone of diameter 20 

mm, followed by AgNP obtained from distilled water and 

Methanol with a clearing zone of diameter 18 mm and 12 

mm. The AgNP obtained from Acetone are the least effective 

with a small clearing zone of 2.0 mm only. Against S. aureus, 

AgNP obtained from distilled water are the most effective 

giving a clearing zone of diameter 24 mm followed by AgNP 

obtained from Acetone, Methanol and Petroleum ether 

extracts with the diameter 20 mm, 12 mm, 8.0 mm 

respectively. 

 

 

Clearing 

zone in 

E. coli 

(In mm) 

Clearing 

zone in 

K.pneumonia 

(In mm) 

Clearing 

zone in 

S. aureus 

(In mm) 

Acetone 

Extract 

Plant 

extract 
1.0 0.0 0.0 

AgNPs 

Solu. 
1.6 0.6 2.0 

Distilled 

water 

extract 

Plant 

extract 
0.0 0.0 0.0 

AgNPs 

Solu. 
2.4 1.8 2.4 

Methanol 

extract 

Plant 

extract 
0.0 0.0 0.0 

AgNPs 

Solu. 
2.0 1.2 1.2 

Petroleum 

ether 

extract 

Plant 

extract 
0.0 0.0 0.0 

AgNPs 

Solu. 
1.0 0.6 0.8 

 

 Antimicrobial activity of oxalis: 

Table-3 shows the clearing zone activity of various 

extracts of Oxalis sps. while figure-4 depicts their graphical 

representation.None of the plant extracts show any 

antimicrobial activity against any of the 3 bacteria except the 

Acetone extract which is effective against S.aureus and 

shows a clearing zone of diameter 10 mm.  However 

Methanolic leaf extract of Acetone is found to be highly 

effective against human pathogens like S.aureus and 

E.coli
[54]

. Against E.coli the AgNP obtained from distilled 

water is the most effective showing a clearing zone of 40 

mm, followed by Petroleum ether with a clearing zone of 

diameter 26 mm. AgNP obtained from Acetone and Methanol 

extract show a clearing zone of diameter 20 mm each. 

Against K. pneumonia AgNP obtained from Methanol and 

petroleum extracts are the most effective with a clearing zone 

of diameter 20 mm each followed by AgNP obtained from 

distilled water and Acetone with a clearing zone of diameter 

10 mm and 6 mm respectively. However against S.aureus, 

AgNP obtained from Acetone extract is extremely effective 

showing a clearing zone of diameter 50 mm followed by the 

AgNP obtained from petroleum and Methanol extracts 

showing clearing zones of Diameter 10 mm and 5.0 mm 

respectively. 

 

 

 

 

Clearing 

zone in 

E. coli 

(In mm) 

Clearing 

zone in 

K.pneumonia 

(In mm) 

Clearing 

zone in 

S. aureus 

(In mm) 

Acetone 

Extract 

Plant 

extract 
0.0 0.0 1.6 

AgNPs 

Solu. 
2.0 0.6 5.0 

Distilled 

water 

extract 

Plant 

extract 
0.0 0.0 0.0 

AgNPs 

Solu. 
4.0 1.0 0.0 

 

Methanol 

extract 

Plant 

extract 
0.0 0.0 0.0 

AgNPs 

Solu. 
2.0 2.0 0.5 

Petroleum 

ether 

extract 

Plant 

extract 
0.0 0.0 0.0 

AgNPs 

Solu. 
2.6 2.0 1.0 

 

Antimicrobial activity of Parthenium: 

Table-4 shows the clearing zone activity of various 

extracts of Parthenium sps. while figure-5 depicts their 

graphical representation.Against E.coli the Acetone extract is 

the most effective with a clearing zone of diameter 20 mm. 

Table.3: Clearing zone of Oxalis plant extract against the 

bacterial samples 

Figure.3: Graphical representation of antimicrobial activity of 

Leucas aspera 

Table.2: Clearing zone of Leucas aspera plant extract against 

the bacterial samples 
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No other extract exhibited any antimicrobial activity against 

E. coli. Against K. pneumonia the Acetone extract is the most 

effective with clearing zone of diameter of 6.0 mm. No other 

extract exhibited any antimicrobial activity against K. 

pneumonia. None of the plant extracts show any 

antimicrobial activity against S.aureus.Only AgNP obtained 

from Acetone extract showed a clearing zone of diameter 34 

mm against E. coli. Similarly only AgNP obtained from 

Acetone extract showed clearing zone of diameter 16 mm and 

24 mm against K. pneumonia and S.aureus respectively. 

 

 

 

 

Clearing 

zone in 

E. coli 

(In mm) 

Clearing zone 

in 

K. pneumonia 

(In mm) 

Clearing 

zone in 

S. aureus 

(In mm) 

 

Acetone 

Extract 

Plant 

extract 
2.0 0.6 0.0 

AgNPs 

Solu. 
3.4 1.6 2.4 

Distilled 

water 

extract 

Plant 

extract 
0.0 0.0 0.0 

AgNPs 

Solu. 
0.0 0.0 0.0 

 

Methanol 

extract 

Plant 

extract 
0.0 0.0 0.0 

AgNPs 

Solu. 
0.0 0.0 0.0 

Petroleu

m ether 

extract 

Plant 

extract 
0.0 0.0 0.0 

AgNPs 

Solu. 
0.0 0.0 0.0 

 

Antimicrobial activity of Tridax: 

Table-5 shows the clearing zone activity of various 

extracts of Tridax sps. while figure-6 depicts their graphical 

representation.None of the plant extracts show any 

antimicrobial activity against any of the 3 bacteria. However 

contrasting results were obtained by V.Bharathi et al using 

Methanolic extracts of Tridax against E.coli showing a 

clearing zone of diameter 11 mm and of 15 mm against 

S.aureus . However, no clearing zone was seen against K. 

pneumonia
[55]

. Against E. coli AgNP obtained from 

Petroleum ether is the most effective showing a clearing zone 

of diameter 20 mm followed by AgNP obtained from 

Acetone and Methanol extracts showing clearing zone of 

diameter 6.0 mm and 4.0 mm respectively.AgNPs obtained 

from distilled water had no antimicrobial activity. Against K. 

pneumonia AgNP obtained from Acetone extract is the most 

effective with the clearing zone of diameter of 20 mm 

followed by AgNP obtained from Methanol and Petroleum 

ether extracts showing clearing zones of diameter 6.0 and 2.0 

mm respectively.  The distilled water extract AgNPs have no 

antimicrobial activity. 

 

 

 

 

Clearing 

zone in 

E. coli 

(In mm) 

Clearing zone 

in 

K. 

pneumonia 

(In mm) 

Clearing 

zone in 

S. aureus 

(In mm) 

Acetone 

Extract 

Plant 

extract 
0.0 0.0 0.0 

AgNPs 

Solu. 
0.6 2.0 0.4 

Distilled 

water 

extract 

Plant 

extract 
0.0 0.0 0.0 

AgNPs 

Solu. 
0.0 0.0 0.0 

Methanol 

extract 

Plant 

extract 
0.0 0.0 0.0 

AgNPs 

Solu. 
0.4 0.6 0.4 

Petroleum 

ether 

extract 

Plant 

extract 
0.0 0.0 0.0 

AgNPs 

Solu. 
0.6 0.2 0.2 

 

 

Table.5: Clearing zone of Tridax plant extract against the 

bacterial samples 

Figure.5: Graphical representation of Antimicrobial activity of 

Parthenium sp. 

Table.4: Clearing zone of Parthenium plant extract against the 

bacterial samples 

Figure.4: Graphical representation of Antimicrobial activity of 

Oxalis sps. 
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Conclusion 

In all cases of plant samples taken, the plant extracts 

show minimal or no antimicrobial activity. However, the 

AgNPs obtained from the extracts are far more effective 

when compared to the mere plant extracts. From this project 

it can be concluded that the AgNPs obtained from the leaf 

extracts of the weeds readily available in and round 

Bangalore cannot be exploited industrially due to availability 

of far better competitors in the market. However, it gives us 

an idea of the components of the leaf extracts that may have 

helped in the formation of the AgNPs. Leaves contain 

polyphenols (Flavonoids). Phenolic compounds have 

hydroxyl and ketonic groups which bind to metals to reduce 

the metal salt and provide stability against agglomeration. 

Plant extract gives protein and enzymes to the 

AgNO3 solution in which Ag⁺ ions combine with the enzyme 

to form enzyme substrate complex. The enzyme released 

from the plant extract act on the silver ions and there is a 

release of silver nanoparticle from the enzyme. That silver 

nanoparticle combines with the protein released from the 

plant extract and there is a formation of protein capped 

silver nanoparticles. This experiment might indicate that 

selected plant samples have lower number of polyphenols. 
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