
Review Article
Volume 5 Issue 5 - October  2021
DOI: 10.19080/GJN.2021.05.555672

Glob J Nanomed
Copyright © All rights are reserved by Maria Shoukat

Contemplating Significance of Zingiber  
Officinale and Antibiotics Coated Silver  

Nanoparticles against Multi-Drug Resistant  
Bacterial Strains

Mahnoor Bakhtiar1, Asad Ullah1, Maria Shoukat*2,3, Amna Younus3, Umar Saeed3, Umair Hassan3, Omera 
Naseer1, Manal Rauf4, Abdul Rehman2, Ghazala Parveen3, Rahim Shah3 and Memoona Rauf5

1Department of Microbiology & Biotechnology, Abasyn University, Pakistan
2Dept of Microbiology Quaid-i-Azam University, Pakistan
3Biological Production Division, National Institute of Health, Pakistan
4Department of Pathology, Pakistan Institute of Medical Sciences, Pakistan
5Department of Biological Sciences, International Islamic University, Pakistan

Submission: September 13, 2021; Published: October 27, 2021

*Corresponding author: Maria Shoukat, Department of Microbiology Quaid-i-Azam University, Biological Production Division, National Institute 
of Health, Islamabad, Pakistan

Glob J Nanomed 5(5): GJO.MS.ID.555672 (2021) 001

Global Journal of
Nanomedicine
ISSN: 2573-2374

Abstract

Zingiber officinale has been extensively used as therapeutic option against several infectious diseases due to presence of bioactive compounds. 
Current study demonstrates biosynthesis of silver nanoparticles (AgNPs) from the Zingiber officinale extract to investigate augmented effect of 
several antibiotics including ampicillin, amikacin, meropenem, ciprofloxacin, gentamycin, ceftazidime and piperacillin against multi-drug resistant 
(MDR) bacterial strains such as K. pneumoniae, P. aeruginosa, Yersinia enterocolitica and Proteus. The UV-Visible spectroscopy absorption peak 
was observed at 425 nm which was in the prescribed range and confirmed the synthesis of AgNPs. The Scanning electron microscopy (SEM) 
demonstrated the morphology of AgNPs while Energy Dispersive Analysis of X-rays (EDAX) expressed the extent of silver, carbon and oxygen in 
the synthesis of AgNPs. While, Fourier Transform Infrared Spectroscopy (FTIR) gave confirmation about capping and reduction of AgNPs due to 
presence of phenolic, carboxyl and hydroxyl groups. Moreover, it was also observed that AgNPs significantly enhanced the antibacterial activities of 
test antibiotics against MDR bacterial strains (p = 0.01) and it was confirmed by comparing the zones produced by non-coated antibiotics with the 
zones produced by AgNPs coated antibiotics. AgNPs solution displayed maximum zone of inhibition against Yersinia followed by K. pneumoniae, 
P.aeruginosa and Proteus while the activity of AgNPs coated ampicillin, amikacin, meropenem, ciprofloxacin, gentamycin, ceftazidime and piperacillin 
antibiotics increased significantly against Yersinia, K. pneumoniae, P.aeruginosa and Proteus. AgNPs synthesized from Zingiber officinale extract 
might be critical in pharmaceutical and medical science.
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Introduction

Nanotechnology is the field of material science which deals 
with the synthesis of minute particles having less than 100 nm 
in size. Furthermore, these particles are having multiple chemical 
and biological properties due to which they have been used 
in several types of industries like pharmaceutical industries, 
medical sciences, mechanics, chemical industry, catalysis, 
photoelectrochemical sciences [1]. Silver (Ag) is an inorganic  

 
compound, which is present in white powder form and insoluble 
in water under normal conditions. It is widely used in the 
formulation of many types of products such as pigments ceramics, 
lubricants, adhesives tapes and ointment [2]. Silver is a harmless 
and biocompatible semiconductor material which is mainly used 
in biological science such as in Nano medicine due to their high 
level of antimicrobial properties [3].
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There are different types of methods for the synthesis of 
nanoparticles such as chemical, physical and biological methods. 
Among all these methods, biological methods are considered 
to be safe and cost-effective as compared to other methods [3]. 
Throughout the biological synthesis of nanoparticles, different 
factors are involved which are needed to be considered most 
important and these are maintenance of cell culture, intracellular 
synthesis and multi-purification steps. Plants are an eco-friendly 
and beneficial approach for the synthesis of nanoparticles as they 
are easily accessible for production of nanoparticles at a large 
scale as well the rate of production is faster in contrast to other 
biological models such as algae, fungi and bacteria [5-7].

Zingiber officinale belongs to a family of Zingiberaceae and 
widely used as an alternate therapy of medicine for the treatment 
of several infectious diseases like colds, cough, inflammation, 
tumors, cardiac disorders, and several others [8-10]. It contains 
several bioactive compounds, such as shogaols, alkaloids, 
gingerols, zingiberene and flavonoids [11]. Biomolecules present 
in Zingiber officinale extract play an important role in the 
reduction of silver ions (Ag+) to metallic AgNPs (Ag0) because 
Zingiber officinale has high antioxidants activity [1].

Silver nanoparticles (AgNPs) synthesized from the leaves 
extract of plants which is used as an antimicrobial agent has 
proven very high level of antimicrobial properties against several 
bacterial strains as they are small in size so they can easily 
penetrate the target site l and destroy synthesis machinery within 
the cell and caused cell death of the target organism [12]. In 
addition to this, AgNPs are also used for the synergetic effect with 
antibiotics to increase their activity against multidrug-resistant 
bacterial species [13].

World health organization (WHO) has a responsibility to 
implement different actions to overcome infection caused by 
multidrug-resistant (MDR) bacteria because Antimicrobial 
resistance (AMR) has become a serious issue to the entire world 
[14]. The main reason for the spread of bacterial MDR is the use 

of appropriate broad-spectrum antibiotics for the treatment 
of infectious diseases whose specific causative agent is not 
diagnosed [15]. To overcome this problem, researchers are trying 
their best to develop new and alternative drugs. Nanotechnology 
is expecting the field to help us in fighting against such pathogens 
at the atomic level. The silver nanoparticles among all are well 
known for their inhibitory activity and antimicrobial effects and 
can be utilized for treating numerous infections [16]. The effect 
of nanoparticles against MDR strains was found to be more 
significant [1].

The present research study was designed to mainly focus on 
to synthesis of AgNPs from Zingiber officinale (ginger) extract and 
then determine its bio-catalytic activity with other commercially 
available antibiotics against multidrug-resistant bacterial species. 
This study will help to improve the quality of commercially 
available antibiotics against multidrug-resistant bacterial strains. 
As the emergence of multidrug-resistance phenomenon increases 
day by day, therefore by utilizing AgNPs in combination with 
commercially available antibiotics can provide an alternate 
therapy for the treatment of bacterial infections.

Results 

Characterization of AgNPs synthesized from Zingiber 
officinale

 In the current study, AgNPs were prepared from the Zingiber 
officinale extract by utilizing a green synthesis approach and then 
different analytical techniques such as UV-visible spectroscopy, 
SEM, EDAX, X-Ray Diffraction (XRD) and FTIR were used for the 
characterization of AgNPs. PerkinElmer UV-Visible spectroscopy 
lambda 25 with a wavelength range from 300-800 nm was used 
in the current study to measure the absorbance of synthesized 
AgNPs. From UV-visible spectroscopy, it was observed that the 
sample had absorbed energy at 425 nm which was a characteristic 
peak value of AgNPs. Besides this, the absorption peak at 425 nm 
with no other peak displayed high purity of the nanoparticles as 
shown in (Figure 1).

Figure 1: Characterization of AgNPs (A) UV-visible spectra of AgNPs synthesized through green technology showing strong peak at 425nm.
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In addition, SEM technique was used in the current study 
for the overall appearance of the AgNPs. The SEM micrograph 
of the synthesized AgNPs from Zingiber officinale confirmed the 
monodispersed and irregular morphology of the AgNPs showing 
particle size in the range of 100 nm at a magnification of 30,000X 
as shown in (Figure 2). The SEM results indicated that Zingiber 
officinale extract acts as a strong reducing agent during the 
synthesis of irregular shaped AgNPs. In addition to this, EDAX 
was used to measure the elemental composition of the samples. 

The EDAX spectra of AgNPs presented from a simple precipitation 
method using Zingiber officinale extract and AgNO3 were the 
starting materials for the synthesis of nanoparticles. The results 
of EDAX spectrum showed a high intensive peak of silver which 
confirmed the synthesis of AgNPs. The spectra indicated the 
AgNPs peak at 34 kV, whereas calcium, chlorine, magnesium, 
oxygen and potassium peaks were also present indicating the 
mixed precipitation in the Zingiber officinale extract as shown in 
(Figures 3-5).

Figure 2: SEM micrograph of synthesized AgNPs.

Figure 3: EDAX spectrum showed high intensive peak of silver.

Moreover, XRD was a rapid analytical technique primarily 
used for phase identification of crystalline material. Besides this, 
it was also used to provide information on unit cell dimensions. 
It was observed from XRD spectrum that the sample was finely 
grounded and homogenized material. The crystal-like nature of 
AgNPs was established by the analysis of XRD (Figure 1D). The 
three district diffraction peaks at 2θ values of 27.8, 32.2, and 46.2 
could be indexed to the (1054), (2223), and (1064) reflection 
planes of cubic structure. In addition to the Bragg peaks, additional 
peaks were also observed at 25.050, 29.000, 41.500, 54.800, 
57.450, 67.400 and 76.650 θ which were due to the presence of 
organic contaminants.

For further characterization, FTIR analysis of the Zingiber 
officinale and synthesized AgNPs were performed and different 
peaks were observed in the FTIR spectrum representing amines, 
carboxylic acids and alkanes, which played an important role 
in capping, stabilization and synthesis of AgNPs. In the current 
study, the peaks in the FTIR spectrum of Zingiber officinale extract 
at 3255.56, 2987.96, 1637.51, 1405.38, 994.56, 1103.85, 903.88, 
791.80 and 535.71cm showed interrelation of different functional 
groups such as carboxylic acid, amine salt or alkane, conjugated 
alkene or alkene, carboxylic acid, alkenes, secondary alcohol or 
floro-compound, 1,2,4-trisubstituted, alkene and halo compound 
respectively as shown in Figure 1E were compared with standard 
IR absorption table retrieved at 8.8.2019.
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Figure 4: XRD spectra displayed crystal-like nature of AgNPs.

Figure 5: FTIR analysis of Zingiber officinale and synthesized AgNPs.

Confirmation of previously identified bacterial isolates
Table 1: Detail description of microscopy and biochemical test response of test organisms.

Sr. No Identified Bacteria Gram Staining Catalase 
Test

Indole 
Test

Citrate 
Test

Oxidase 
Test

Urease 
Test H2S Test

1 Proteus sp - - - - + + -

2 Klebsiella sp. - + - + - + -

3 Pseudomonas sp. - - + + - + -

4 Yersinia sp. - + + - - + -
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As discussed earlier in the methodology section that bacterial 
strains such as K. Pneumonia, P.aeruginosa, Yersinia enterocolitica 
and Proteus were obtained from the Hayatabad Medical Complex, 
Peshawar, which was previously identified by 16S RNA sequencing. 
In the current study, these bacterial strains were determined by 
colony morphology using the standard guidelines. On nutrient 
agar milky white, translucent, convex mucoid colonies of K. 
pneumoniae, off white, moist and healthy growth of Proteus, slimy 
white, transparent, small and large round shape colonies of P. 
aeruginosa and white, transparent, cocci shaped of Yersinia were 
observed. Besides, all the colonies were observed as pink color 
Gram-negative rods except Yersinia which was gram-negative 
coccobacilli after microscopy. Furthermore, it was confirmed after 
the accomplishment of different biochemical tests as shown in 
(Table 1).

Antibacterial activity of AgNPs, non-coated and AgNPs 
coated antibiotics against test organisms

The complete profile of antibacterial activity of AgNPs, non-

coated and AgNPs coated antibiotics against test organisms 
is depicted in (Table 2). In the current study, it was observed 
AgNPs solution displayed a maximum zone of inhibition against 
Yersinia (22.6±3.05mm) followed by K. pneumoniae (22±2mm), 
P. aeruginosa (19±4mm) and Proteus (17.6 ±2.5mm). However, 
it was perceived, K. pneumoniae, P. aeruginosa and Proteus all of 
them displayed resistance patterns against non-coated Ampicillin, 
Amikacin, Meropenem, Ciprofloxacin, Gentamycin, Ceftazidime 
and Piperacillin antibiotics.

On the other hand, the activity of antibiotics increased 
significantly (p = 0.01) against these strains after coating with 
AgNPs. It was observed that the activity of AgNPs coated Ampicillin, 
Amikacin, Meropenem, Ciprofloxacin, Gentamycin, Ceftazidime 
and Piperacillin antibiotics increased up to ¬72, 69.8, 64.6, 72.2, 
66.6, 78.8 and 78.8% against Proteus, 136, 80, 60.3, 113.8, 93.5, 
75.6 and 42.8% against K. pneumoniae, 114.4, 80.5, 60.3, 55.7, 
56.2, 41.9 and 53.1% against P.aeruginosa and 116.5, 116.9, 50.7, 
51.2, 62.5, 56.1 and 112% against Yersinia respectively.

Table 2: Antibacterial activity of AgNPs, Non-coated and AgNPs coated antibiotics against test organisms.

Test Organisms Activity of AgNPs 
(mm) Antibiotics

CLSI Standard 
limit of sensitivi-

ty (mm)

ZI of Non-Coated 
Antibiotics (mm)

ZI of AgNPs Coat-
ed Antibiotics 

(mm)

Increased in the 
Potency of AgNPs 

Coated Antibiotics 
(%)

17.6±2.5

Ampicillin 12 9.6±0.5 16.6±1.5 72

Proteus Amikacin 14 10.6±1.5 18±2.6 69.8

Meropenem 15 11.3±1.5 18.6±4.04 64.6

Ciprofloxacin 15 11±1 19±1 72.2

Gentamycin 12 9.6±1.5 16±2 66.6

Ceftazidime 17 12.3±1.5 22±3 78.8

Piperacillin 17 12.3±2.5 22±2 78.8

K. pneumoniae
22±2

Ampicillin 12 8.6±1.1 20.3±3.05 136

Amikacin 14 10±1 18±1 80

Meropenem 15 11.6±1.5 18.6±1.5 60.3

Ciprofloxacin 15 12.3±1.5 26.3±2.08 113.8

Gentamycin 12 9.3±1.5 18±1 93.5

Ceftazidime 17 12.3±2.08 21.6±2.5 75.6

Piperacillin 17 13.3±1.5 19.0±2.08 42.8
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P. aeruginosa 19±4

Ampicillin 12 9±1 19.3±3.5 114.4

Amikacin 14 10.3±0.5 18.6±2.5 80.5

Meropenem 15 11.6±2.5 18.6±1.5 60.3

Ciprofloxacin 15 11.3±1.5 17.6±2.08 55.7

Gentamycin 12 9.6±1.15 15±1 56.2

Ceftazidime 17 14.3±1.15 20.3±1.5 41.9

Piperacillin 17 12.6±1.5 19.3±1.15 53.1

Yersinia 22.6±3.05

Ampicillin 12 10.3±0.5 22.3±3.7 116.5

Amikacin 14 10.6±1.5 23±3 116.9

Meropenem 15 13±1.7 19.6±3.5 50.7

Ciprofloxacin 15 12.3±0.5 18.6±4.1 51.2

Gentamycin 12 9.6±1.5 15.6±1.5 62.5

Ceftazidime 17 13±2.6 20.3±1.15 56.1

Piperacillin 17 11.6±2.5 24.6±5.5 112

Discussion

Green technology used for the synthesis of silver 
nanoparticles (AgNPs) gained significant importance in the 
recent year within the research community due to their simple, 
nontoxic, less time consumption, cost-effective nature and also 
due to their effectiveness in large scale production [17]. Besides 
this, AgNPs produced through green synthesis also possessed 
strong antimicrobial and anti-inflammatory activity that’s why 
extensively used in pharmaceutical and cosmetic products [18,19]. 
In the current study, AgNPs were prepared from the extract of 
Zingiber officinale and then different analytical techniques such as 
UV-visible spectroscopy, SEM, EDAX, XRD and FTIR were used for 
the characterization of AgNPs. UV-visible spectroscopy revealed 
sample absorbance energy of 425 nm which was a characteristic 
peak value of AgNPs. Besides this, absorption peak at 425 nm 
with no other peak displayed high purity of the nanoparticles 
and also confirmed that maximum absorbance of AgNPs depends 
on Ag+ ions concentration concerning peel extract of Zingiber 
officinale [20,21]. Different researchers observed variation in the 
absorption peak of AgNPs in the range of 390-455 nm and possible 
reasons for this might be differences in the manufacturing process 
(chemical, physical and biological method) as a result variation 
occurs in the morphology of AgNPs [22].

In the current study, SEM and EDAX techniques were used 
for the overall topology of the AgNPs. The SEM micrograph of the 
synthesized AgNPs using Zingiber officinale extracts confirmed 
the monodispersed and irregular topology of the AgNPs showing 
particle size in the range of 100 nm at a magnification of 30,000X. 
The SEM results indicated that chemical constituents of extract 
Zingiber officinalea act as strong reducing agent resulting in the 
formation of irregular shaped AgNPs. Rout and his co-workers 
[23]. Utilized hydroxyl-footed methyl resorcinarene (HFMR) in 
SEM technique for the investigation of AgNPs size. They observed 
that as the amount of HFMR increased, the size of the AgNPs also 
increased. Furthermore, they observed irregular or hexagonal-

shaped AgNPs in SEM spectrum which was in agreement with 
our results. But the size of the nanoparticle in the current study 
was greater as compared to their results which might be due to 
different manufacturing conditions like temperature, time of 
incubation, nature of plant extract and handling applications. 
Also, EDAX was used to measure the elemental composition of the 
samples. The EDAX spectra gave a sharp peak in the silver region 
which confirmed the synthesis of AgNPs. The spectra indicated 
the AgNPs peak at 34 kV, whereas calcium, chlorine, magnesium, 
oxygen and potassium peaks were also present indicating the 
mixed precipitation in the extract of Zingiber officinale. Similar 
peaks of silver, carbon and oxygen were observed in EDAX 
spectrum of AgNPs by different researchers in their studies [24]. 

Moreover, XRD was a rapid analytical technique primarily 
used for phase identification of crystalline material. Besides, it 
was also used to provide information on unit cell dimensions. 
It was observed from XRD spectrum that the sample was finely 
grounded and homogenized material. Moreover, the three district 
diffraction peaks at 2θ values of 27.8, 32.2 and 46.2 could be 
indexed to the (1054), (2223) and (1064) reflection planes of 
cubic structure which coincide with the results of Dang et al., 
[25]. Begumet and his co-worker’s [26]. synthesized silver (Ag) 
nanoparticles by chemical as well as green technology and used 
sodium hydroxide plus silver nitrate as a reagent and found that 
the size of AgNPs was in the range of 830 nm whereas, those 
produced by chemical method had size in the range of 813 nm. 
In the present research study, only AgNO3 was used as a reagent 
in the synthesis of AgNPs that’s why the size of nanoparticles 
didn’t affect. In addition to this, FTIR spectroscopy was actually 
used to measure the absorption of infrared radiations by AgNPs 
as a function of wavelength and different peaks were observed in 
FTIR spectrum representing amines, carboxylic acids and alkanes, 
which facilitate the capping, stabilization and synthesis of AgNPs. 
Moreover, after reaction with AgNO3, new peaks in FTIR spectrum 
were observed which clearly indicated that carboxylic, hydroxyl 
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and amide groups in the Zingiber officinale extract of Zingiber 
officinale played role in the synthesis of AgNPs. Similar results 
were also reported by Singh et al. [27]. utilizing Dillenia indica 
fruit extract and found the same band’s position in FTIR spectrum.

In the present study, it was observed that K. pneumonia, 
P.aeruginosa, Yersinia enterocolitica and Proteus showed 
resistance to non-coated ampicillin, amikacin, meropenem, 
ciprofloxacin, gentamycin, ceftazidime and piperacillin antibiotics 
and this might be due to alteration in the target sites, enzymatic 
modification, genetic mutation and efflux mechanism [28]. On 
the other hand, it was observed that AgNPs solution displayed 
maximum zone of inhibition against Yersinia (22.6±3.05mm) 
followed by K. pneumoniae (22±2mm), P.aeruginosa (19±4mm) 
and Proteus (17.6±2.5mm) while the activity of AgNPs coated 
Ampicillin, Amikacin, Meropenem, Ciprofloxacin, Gentamycin, 
Ceftazidime and Piperacillin antibiotics increased significantly 
(p = 0.01) against Yersinia (50.7-116.9%), K. pneumoniae 
(42.8-136%), P.aeruginosa (41.9-114.4%) and Proteus (64.6-
78.8%). It was reported that AgNPs carried out modification 
in the membrane permeability of bacterial strains and also act 
as a carrier to transport antibiotics to the inner portion of K. 
pneumoniae, P.aeruginosa, Yersinia enterocolitica and Proteus 
and in this way they enhance the activity of antibiotics against 
these resistant strains [29]. In other words, Ag+ ions coated on 
the surface of antibiotics bind with negatively charged structural 
components i.e. proteins and nucleic acid and cause alteration in 
the basic structure of cell wall, cell membrane and nucleic acids 
of the target organisms [30,31]. In addition to this, Ag+ ions 

also interact with other electron-donating groups such as thiols, 
PO4+2 and OH- of the cell wall, cell membrane and nucleic acids 
of the target organisms. As a result, the damaged membranes 
induced the release of reactive oxygen species (ROS) which 
forming free radicals with a powerful bactericidal action [31]. 
also conducted a similar study by synthesizing plant-mediated 
silver nanoparticles and then applied them in combination with 
ofloxacin, norfloxacin and cephalexin antibiotics against E. coli, S. 
aureus and P. aeroginosa and observed synergistic effects i.e. the 
antibacterial activity of antibiotics increased after coating with 
nanoparticles. According to their observations, the conjugate of 
nanomaterial and antibiotics showed enhanced antimicrobial 
activity against all the test organisms. Sulochanaet and his co-
workers [32] also conducted similar study by utilizing different 
antibiotics in combination with silver nanoparticles against 
pathogenic bacterial species and found almost similar results. 

Conclusions

Model of current study is shown in (Figure 6). AgNPs solution 
displayed maximum zone of inhibition against Yersinia followed 
by K. pneumoniae, P.aeruginosa and Proteus while the activity of 
AgNPs coated Ampicillin, Amikacin, Meropenem, Ciprofloxacin, 
Gentamycin, Ceftazidime and Piperacillin antibiotics increased 
significantly against Yersinia, K. pneumoniae, P.aeruginosa and 
Proteus. AgNPs synthesized from Zingiber officinale extract could 
be of great importance in pharmaceutical and medical science 
for their biocatalytic activity as they enhanced the activity of 
existing antibiotics by modifying their pharmacokinetic as well as 
pharmacodynamics properties.

Figure 6: Model of current study. Silver nanoparticles (AgNPs) from the Zingiber officinale (ginger) extract have shown a strong capability 
to enhance the activity of commercially available antibiotics (ampicillin, amikacin, meropenem, ciprofloxacin, gentamycin, ceftazidime and 
piperacillin) against multi-drug resistant (MDR) bacterial strains i.e. K. pneumoniae, P. aeruginosa, Yersinia enterocolitica and Proteus.
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Methods

Collection of test Organisms

In the current research study, a total of four previously 
identified antibiotics resistant bacterial strains such as Klebsiella 
pneumoniae, Pseudomonas aeruginosa, Yersinia enterocolitica 
and Proteus vulgaris were collected from the Hayatabad Medical 
Complex Peshawar, Pakistan which was preliminarily confirmed 
before performing bioassay.

Preparation of plant extract

Zingiber officinale was collected from the local grain market at 
District Peshawar. Took a vegetative part of the Zingiber officinale 
plant. Washed it 2 to 3 times with tap water to eliminate impurities, 
then treated it with de-ionized water to remove the remaining 
contaminants. The selected part was dried at room temperature 
in shade for 10-15 days, and finely grinded into small pieces. After 
that, the pieces were crushed in grinder mortar pestle (Muller) 
to form a fine powder. Then 60 g of that powder was stirred in 
600 ml distilled water and boiled at 80°C for 30 minutes to form a 
complete solution. After that, the extract was cool down at room 
temperature and then filtered through Whatman filter paper no 1 
and also centrifuged that solution at 2000rpm for 10 minutes to 
get fine and pure filtrate. The filtrate was stored at 4°C. 

Preparation of 1mM silver nitrate solution

For 1mM silver nitrate solution preparation, 0.51 silver 
nitrate (AgNO3) powder was dissolved in 3000ml distilled water 
and mixed well.

Synthesis of silver nanoparticles

The solution was prepared by mixing 300ml of pure extract 
to 2700ml of 1 mM aqueous solution of silver nitrate (AgNO3) in 
three distinct 1000ml Erlenmeyer flask. Covered the flasks with 
newspaper or aluminum foil to minimize photoactivation of silver 
nitrate. The mixture was left at room temperature for 2days to 
complete the reaction. Reduction from Ag+ to Ag0 was confirmed 
by the color change of the solution from colorless to milky white 
and bright yellow (the color change shows the presence of silver 
nanoparticles). Its formation can also be confirmed by using UV-
VIS spectrophotometer.

Purification of nanoparticles

The silver nanoparticle thus obtained was purified by repeated 
centrifugation at 2500 rpm for 10 min. The purified pellet was 
dried by putting it into the oven at 60°C for two days. The dried 
pellet is then scratched from the Petri plate and later on collected 
into the Eppendorf tube. The total amount of nanoparticles 
produced from 3000ml solution is 0.95 which is followed by 
redispersion of the pellet into 10 ml de-ionized water. Then silver 
nanoparticles were kept in the refrigerator till further analysis.

Characterization of synthesized silver nanoparticles

Characterization of AgNPs was made through UV-visible 
spectroscopy, Scanning electron microscopy (SEM), Energy 
dispersive analysis of X-rays (EDAX), Fourier transform infrared 
spectroscopy (FTIR) and X-ray diffraction (XRD) in Centralized 
Resource Laboratory (CRL), University of Peshawar, Pakistan.

Antimicrobial activity of silver nanoparticles solution 
by well diffusion method

The antimicrobial activity of silver nanoparticles was then 
tested by the standard well diffusion method. The strains were 
cultured through previously used methods i.e. on Muller–Hinton 
Media. Wells of 6mm was made using a sterile cork-borer. The 
silver nanoparticle solution was prepared by mixing 0.58gram 
silver nanoparticles in 5ml de-ionized water. About 150µl solution 
was then poured to already prepared culture media of known 
strains marked under the sterile condition and incubated at 37ºC 
for 24h. The zone of inhibition was measured and expressed in 
millimeters.

Disc diffusion assay of non-coated antibiotics

Total seven antibiotics such as Gentamycin (CN), Ciprofloxacin 
(CIP), Amikacin (AK), Ceftazidime (CAZ), Piperacillin (TZP), 
Meropenum (MEM) and Ampicillin (AMP) were used against 
four different strains i.e. Klebsiella pneumoniae, Pseudomonas 
aeruginosa, Yersinia Entero colitica and Proteus vulgaris. Four 
plates of Muller-Hinton Media were prepared. Then the known 
strains were streaked on media by using a sterile cotton swab. 
The swab was first dipped in known strain then dipped in the 5ml 
water of injection to get the clean colonies. After that, the swab 
was streaked on the whole media plate. Then antibiotic discs were 
put on the cultured media. After 24hour of incubation at 37 ºC, the 
result obtained showed that all the strains were sensitive towards 
the above-used antibiotics.

Disc diffusion assay for AgNPs coated antibiotics

To check the synergistic effect of antibiotics, the antibiotics 
were coated with the silver nanoparticle solution. About 50µl 
AgNPs solution was poured on an antibiotic within petri plates 
then placed in an oven at 80ºC for 15 min for drying and this 
method of the coating was repeated for each antibiotics. Then 
applied the coated antibiotics on the prepared cultured media. 
All the strains showed sensitivity to this synergistic effect which 
indicates that silver nanoparticles could increase the activity of 
antibiotics. The zone of inhibition was measured and expressed 
in millimetres [33].

Statistical analysis

The mean values of AgNPs coated and non-coated antibiotics 
activity against test organisms were calculated using the Microsoft 
Excel program. Furthermore, the t-test was determined using 
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the Microsoft Excel program and p-value of less than 0.05 was 
measured as a statistical impact value.
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