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Abstract 

The Pepper extract acts as a reducing and capping agent in the formation of silver nanoparticles. A UV–Vis 

spectrum of the aqueous medium containing silver nanoparticles demonstrated a peak at 480 nm corresponding 

to the Plasmon absorbance of rapidly synthesized silver nanoparticles that was characterize by UV–Visible 

spectrophotometer.The Antibacterial testing of Pepper extract was evaluate by disk diffusion method using 

bacteria like Staphylococcus aureus, Bacillus sp., Escherichia coli, and Pseudomonas sp. Study revealed the 

antibacterial activity of solvent extracts by using pepper; we prepared the silver nanoparticles to enhance its 

antibacterial property.Antibacterial disc were prepared in five different concentrations such as 100µl, 200µl, 

300µl, 400µl and 500µl respectively. The antimicrobial activity of particles showed higher activity in 

concentration 500µl against the pathogenic Pseudomonas sp. (15) mm of inhibition zone. The higher activity 

was followed by Bacillus sp. (13) mm of inhibition zone, Staphylococcus sp. (11) mm of inhibition zone and E. 

coli (10) mm of inhibition zone. This study showed that the extract reveals the concentration dependent activity. 

The study revealed that the silver nanoparticles from plant extracts could be as a therapeutic agent for human 

microbial infections. The zone of inhibition seems in both gram positive and gram negative bacterial strains. 

This study reports that synthesis is useful to avoid toxic chemicals with adverse effects in medical applications 

rather than physical and chemical methods.Thus, the aim of the study to synthesize silver based bionanoparticles. 

The present investigations revealed with the isolation and monitoring of silver nanoparticles to produce novel 

drugs to overcome drug resistance and advance reaction.  
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1. Introduction 

A nanoparticle is a microscopic particle with at least one dimension less than 100 nm. Nanoparticle investigation 

is currently an area of passionate scientific research due to a wide variety of potential applications in biomedical, 

optical and electronic fields. Nanoparticles are of immense scientific interest as they are effectively bridge 

between bulk materials and atomic or molecular structures. To date metallic nanoparticles are mostly prepared 

from Nobel metals
 [2]

. 

The use of metallic nanoparticles in the field of catalysis, optoelectronics, pinpointing biological troubles and 

exhibit devices uncovered many significant findings 
[14]

. 

Among the Nobel metals, silver (Ag) is the metal of preference in the field of biological systems, living 

organisms and medicine
 [12]

. 

There are diverse methods for nanoparticles formation. In which biological methods are considered as safe and 

economically sound for the nanomaterial fabrication as an alternative to conventional physical and chemical 

methods. Silver has long been recognized as having inhibitory effect on microbes present in medical and 

industrial process
 [8, 9]

, the most important application of silver and silver nanoparticles in medical industry is 

topical ointments to prevent infection against burn and open wounds 
[7]

. The reduction of Ag
+
 ions by 

combinations of bio molecules found in these extracts such as vitamins, enzymes/proteins, organic acids such as 

citrates, amino acids, and polysaccharides
[16]

. The capability of some microorganisms such as bacteria
 [15]

 and 

fungi
 [3]

 to direct the synthesis of metallic nanoparticles should be employed in the hunt for new materials. 

Currently, the investigation of this fact has regained importance due to increase the bacterial resistance to 

antibiotics, caused by their overuse. Recently, silver nanoparticles exhibiting antimicrobial activity had 

synthesized 
[17]

. 

Pepper is a medicinal plant, it is described as a drug which increases digestive power, improves appetite, cures 

cold, cough, dyspnea, diseases of the throat, intermittent fever, colic, dysentery, worms and piles 
[10]

 

Numerous organisms have been found to synthesize nanoparticles. Biological production systems are of special 

interest due to their effectiveness and flexibility. Microbial cells are highly organized units, regarding 

morphology and metabolic pathways, capable of synthesizing reproducible particles with well-defined size and 

structure. Furthermore, biogenic nanoparticles often exhibit water soluble and biocompatible properties, which 

are essential for many applications. Presently metal accumulating bacteria have shown potential for material 
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science. Biomimetic is the area of research dealing with material science and engineering through biology. 

Bacteria are involved as workers in the living factory and plethora of novel nanostructured particles with 

unexpected properties are produced in the living factory which have applications in biomedical sciences, optics, 

magnetics, mechanics, catalysis and energy science. These biological materials can be used in their native form 

directly extracted from the living systems, or they can be processed after extraction and modified to their desired 

form
 [6]

. Silver nanoparticle act as an antimicrobial and antibiotic agent when incorporated in proteins, nanofibre, 

first aid bandages plastics, soap and textiles, in cell cleaning fabrics and as a conductive filler. There is also an 

effort to incorporate silver nanoparticles into a wide range of medical devices, including but not limited to bone 

cement, surgical instruments, surgical masks, Wound dressings 
[11]

. 

Currently most of the applications of silver nanoparticles are in antibacterial/antifungal agents in biotechnology 

and bioengineering, textile engineering, water treatment, and silver-based consumer products. 

There is also an effort to incorporate silver nanoparticles into a wide range of medical devices, including but not 

limited to bone cement, surgical instruments, surgical masks, Wound dressings. 

 

2. Materials and methods 

2. 1. Collection of pathogens 

The pathogens such as Staphylococcus sp., Bacillus sp., Escherichia coli and Pseudomonas sp. used for the 

antimicrobial activity were collected from Almustansiriya University Biology Department, Microbiology 

laboratories. Baghdad, Iraq. 

2. .2. Preparation of plant extract 

Distilled water was used to prepare the extracts. 25 grams of pepper powder with 100 ml of distilled water then 

boiled the mixture for 2 min. And filtered by Whatman cellulose filters with 2.5 µm pores, the tiny solid particles 

were removed by centrifugation at 5000 rpm for 20 minutes. And stored at 4 
o
C and used for further experiments 

2. 3. Synthesis of silver nanoparticles 

Silver nitrate was used as a precursor for the synthesis of silver nanoparticles. 10 ml of 1 mM AgNO3 aqueous 

solution was added with 100 ml of clear plant extract in 250 ml conical flask at room temperature. The 

bioreduced aqueous component (1 ml) was used to measure UV–Vis spectra of the solution. The particle 

suspension was diluted to 1:10, with distilled water, to avoid the errors due to the high optical density of the 

solution. 

2. 4. UV-visible spectroscopy analysis 

The bioreduction of pure Ag+ ions was monitored by a periodic sampling of the aliquots (1 ml) of the 

suspension and subsequently measuring UV–Vis spectra of the resulting diluents. UV–Vis spectroscopic 

analyses of the silver nanoparticles produced were carried out as a function of bio reduction at room temperature 

on UV–Vis spectrometer. 

2. 5. Preparation of disc 

The sterile discs 5mm in diameter was placed on Mueller Hinton agar (MHA) plates treated with pepper 

nanoparticles. The disc was then placed over the swabbed MHA plates and incubated at 37
o
C for overnight to 

study the antimicrobial activity. 

2. 6. Antibacterial activity of plant based silver nanoparticles against pathogen 

The antibacterial assays were done on human pathogenic Staphylococcus sp., Bacillus sp., Escherichia coli and 

Pseudomonas sp. by standard disc diffusion method. Fresh overnight cultures of inoculums (100 µl) of each 

culture (100, 200, 300, 400 and 500) were spread on to MHA plates. Sterile paper discs of 5mm diameter 

containing silver nanoparticles were placed in each plate. 

 

3. Result and Discussion 

3. 1. Determine the silver nanoparticles 

Reduction of silver ions was visually evident from the color change and was completed within 15 min with a 

stable brown color indicating the formation of the silver nanoparticles in aqueous solution. The progress of the 

reaction between metal ions and the pepper extracts were monitored by UV–Vis spectra of Ag nanoparticles in 

aqueous solution as shown in figure (1) The UV–Vis absorption spectra of silver nanoparticles by exposure of 

pepper with 0.001 M silver nitrate showed the appearance of single and strong absorption peaks centered at 480 

nm respectively where the absorbance located 0.1222. This band called the surface Plasmon resonance. It is one 

of the useful way to analyzing metallic nanoparticles with their localized surface Plasmon resonance (LSPR) 
[4]

. 

3. 2. Antimicrobial activity against pathogens 

Silver nitrate has long been considered as a powerful and natural antibiotic and antibacterial agent. Silver 

nanoparticles exhibited antibacterial properties against bacterial pathogens with close attachment of the 

nanoparticles themselves with the microbial cells. 

The antimicrobial activity of nanoparticles from pepper as shown in the table (1) with the concentration 500 
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µl/disc of Nano silver from pepper. The particles showed higher activity against the pathogenic Pseudomonas sp. 

(15 mm). The higher activity was followed by Bacillus sp. (13 mm), Staphylococcus sp. (11 mm) and E. coli (10 

mm). From this study, we revealed that the nanoparticles from pepper showed good activity against both the 

gram positive and gram negative organisms. Also it showed activity against cocci cells and rod cells. 

3. 3. Antimicrobial agent based on silver 

Silver kills bacteria by strangling them in a warm and moist environment
 [1, 5]

. Highly bioactive silver ions bind 

with proteins inside and outside bacterial cell membranes, thus inhibiting cell respiration and reproduction. 

Silver is 3- 4 times more active at pH 8 than at pH 6. Silver products are effective against bacteria but not as 

effective against other organisms like fungi, mold, and mildew; they can be used with polyester where many 

other products cannot
 [13]

. 

3. 4. Nano silver 

Nano silver is a powerful and natural antimicrobial agent that has been proven highly effective in fighting a 

whole range of microbes. Acting as a catalyst, it reportedly disables the enzyme that one-celled bacteria, viruses, 

and fungi need for their oxygen intake without causing corresponding harm to human enzymes or other parts of 

the human body chemistry. The result is the destruction of disease-causing organisms without any detrimental 

effects on the surrounding human tissue
 [18]

. 

3. 5. Antimicrobial agents act in various ways. The main modes of action are:
 [18]

 

- Protein coagulation. 

- Disruption of cell membranes resulting in exposure, damage, or loss of the contents. 

- Removal of free sulfhydryl groups essential for the functioning of enzymes. 

- Substrate competition. A compound resembling the essential substrate of the enzyme diverts or 

misleads the enzymes necessary for the metabolism of the cell and causes cell death. 

3. 6. Antimicrobial mechanism of Nano silver 

Silver nanoparticles making a break through the permeability of outer membrane firstly, resulting in the leakage 

of cellular materials. Secondly, silver nanoparticles enter the inner membrane and inactivate respiratory chain 

dehydrogenases, thus inhibiting respiration and growth of cells. 

Simultaneously, silver nanoparticles could affect some proteins and phosphate lipids and induce collapse of 

membrane, resulting in cell decomposition and death eventually. Taking into account the mobility of silver 

nanoparticles into cells and their fate in a bioprocess or even in the environment, the risk aspects for the 

application in larger scales and in the environment should be strengthened in future study 
[19]

. 

3. 7. Nano silver versus other antibiotics 

3. 7. 1. Effective but harmless 

- Silver attacks bacteria by either denaturation or oxidization. For these reasons, bacteria cannot build 

resistance against silver. 

- As human cells are a tissue type, they are unaffected by these actions 
[18]

. 

3. 7. 2. Permanent solution 

Unlike most antibiotics, which consumed while destroying bacteria, silver remains unconsumed while constantly 

working as a catalyst
 [18]

. 

 

4. Conclusion 

The study included the synthesis of silver nanoparticles from plant extrats. Presences of nanoparticles were 

confirmed by color change of media from pale yellow to brown color. 

Unfortunately, there is a lack of interest of pharmaceutical companies in investing and developing Capsicum sp. 

into a drug and performing clinical trials. This work determines the new way of preparing clove active extract 

with chemical approach i.e., by applying nanotechnology. 

The antimicrobial activity of silver nanoparticles showed the concentration dependent activity. It gives activity 

against all the test organisms. Since this is an easily available throughout the nation and also is used in every 

house for cooking as a flavoring agent, the active Nano compound from this can be prepared and used effectively 

for preventing the growth of the microbial pathogens. Hence, it has wide application in medical field. 
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Table (1) shown the inhibition zones for each bacteria with a different concentration. 

Concentration of

silver nanoparticlew

from pepper 

(µl/disc) 

Zone of Inhibition (mm) 

E. coli 
Staphylococcus 

sp. 
Bacillus sp 

Pseudomonas 

sp. 

100 7 7.5 7 8 

200 8 8 8.5 9 

300 8.5 9.5 9 10 

400 9 10 11 10.5 

500 10 11 13 15 

 

 

Figure (1) shown Plasmon peak of silver nanoparticles reduced by pepper. 
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