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Abstract 

Nanotechnology deals with the use of nanoparticles in various remarkable fields of present time 

with vast medicinal, agricultural and industrial applications. Biological approaches using micro-

organisms and plants or plant extracts for metal nanoparticles, have been suggested as valuable 

alternatives to chemical methods. In present study Syzigium aromaticum L. extracts in water and 

ethanol were used for the green synthesis of zinc oxide nanoparticles. After being treated with 

zinc sulphate solution, the color of all the extracts of plant changed indicating the formation of 

zinc nanoparticles and their color change was also monitored by using Ultraviolet-Visible 

spectroscopy. Particle size analyzer showed 44.4 nm for water extract nanoparticles and 103nm 

for ethanolic NPs. Antibacterial activity of these nanoparticles was evaluated against four 

bacterial strains, namely Klebsiella pneumonia, Pseudomonas aureginosa, Escherichia coli and 

Acetobactor bauminii. The zinc oxide nanoparticles of S. aromaticum developed by ethanolic 

extract did not show the significant antibacterial activity against any bacterial strain. The zinc 

nanoparticles of S. aromaticum developed by water extract showed maximum inhibition zone 

against K. pneumonia as 1.43mm, P. aureginosa is 1.00mm, E. coli as 2.14mm and against A. 

bauminii as 2.30mm as compared to 1.15mm, 1.86mm, 1.76mm and 1.53mm respectively by 

plant extract. 

Keywords: Antimicrobial activity; Green nanotechnology; Microwave assisted extraction 
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Introduction   

Nanotechnology is a field of science which 

deals with production, manipulation and use 

of materials ranging in nanometers. The 

word nano derived from the Greek noun 

“nano” meaning “dwarf”. The particle size 

of nanoparticles (NP) in medicine ranges 

from 5-250nm [1]. Nanotechnology deals 

with the production of nanomaterials having 

nanosizes, with different but controlled 

shapes. It also deals with their chemical 

composition, and is also concerned with the 

human benefits involved [2-4]. Use of 

microorganisms, plant biomass or plant 

extracts for the production of nanoparticles, 

has gained much interest in recent years. As 
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plant based methods are more environment 

friendly as compared to commonly used 

physical and chemical methods. Historically, 

plants occupy a very vital position in 

medicines. Since long times plant parts have 

been in use as crude extracts, decoctions or 

mixtures for treatment of different ailments. 

Plants have been reported to have a broad 

spectrum antimicrobial spectrum against 

pathogenic microbes [5-8]. Plants continue 

to serve as possible sources for new drugs 

and chemicals derived from various parts of 

plants [9]. 

Every year numerous antimicrobial 

compounds are being added in medications 

which are created normally by living things. 

An investigation of these most basic 

microbiological behaviors towards 

nanoparticles may discover new anti-

bacterials, and may lead to new era of 

antibiotics. By utilizing green strategies in 

the amalgamation of zinc oxide 

nanoparticles, it can be a turning point for 

the microbiology as conventional techniques 

are costly and require the utilization of 

synthetic solvents as reducing agents which 

are dangerous to environment. Zinc oxide 

(ZnO) nanoparticles have gotten extensive 

consideration because of their antimicrobial, 

UV blocking, high reactant and 

photochemical exercises [10]. It has been 

reported that ZnO nanoparticles have 

antibacterial and antifungal properties even 

at lower concentrations subsequently 

reasonable for thin coating applications [11].  

Clove is a valued and important spice of the 

world. It is a member of family Myrtaceae. 

It is an unopened flower bud growing on a 

tree. Cloves (Syzygium aromaticum Linn.) 

are the aromatic dried flower buds. Clove 

possesses antioxidant, antifungal, antiviral, 

antimicrobial, antidiabetic, anti-

inflammatory, antithrombotic, anesthetic, 

pain relieve and insect repellent properties 

[12, 13]. 

This study is conducted in order to 

understand the synthesis of nanoparticles by 

different concentration of clove extract. 

These biosynthesized nanoparticles were 

then studied for their antibacterial activity. 

The main objectives of the study are to 

develop nanoparticles, using Syzygium 

aromaticum Linn. as raw material, to 

optimize the conditions required for 

maximum amount of nanoparticles with less 

solvent and time consumption. The 

nanoparticles were also characterized with 

different parameters i.e., UV-Vis 

spectroscopy, particle size analyzer and 

antibacterial activity. 

Materials and methods 

Preparation of plant extract  

The plant material i.e., clove buds (Syzygium 

aromaticum Linn.) was purchased from the 

local market. Plant material (20g) was 

weighed accurately by using electric balance 

and was converted into fine powder form by 

using pestle-mortar. Water (100mL) was 

added in beaker for each sample. Plant 

material was allowed to expose to 

microwaves at 1000 watts for 120-150 

seconds to get the extract. Whatmann No.1 

filter paper was used for filtration. After 

filtration the extract was separated into three 

volumes i.e., 10mL, 20mL and 30mL 

separately. Similar method was continued 

with ethanol for making of ethanolic extract. 

Preparation of reagent  

Zinc sulphate (ZnSO4) solution was 

prepared by dissolving 0.65g in 100mL of 

water to form the reagent that reacts with 

plant extract for the formation of 

nanoparticles. Then 10mL of salt solution 

were added in each volume of plant extract. 

Synthesis of Zinc oxide nanoparticles was 

analyzed over a period of 4 hours. It was 

mainly done by visual aid and UV visible 

spectrophotometry. Pictures were taken 

every hour to make the record of color 

change [14]. 
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Centrifuge  

After 4 hours the portions of solutions were 

taken in eppendorfs to centrifuge at 10000 

rpm for 5 minutes. The purpose is to 

separate the nanoparticles in the form of 

pallets and to separate it from the debris. 

After thorough washing and drying at 50°C 

for 4-5 hours, pellets were then stored in 

refrigerator as ZnO nanoparticles.  

UV-Spectrophotometry 

 This technique was used as a tool to 

determine the formation of nanoparticles. 

Formation of nanoparticles was monitored at 

regular intervals by taking its absorption 

spectrum within the wavelength range of 

200-700nm on dual beam UV-Visible 

spectrophotometer. 

Antibacterial activity  

Antibacterial activity of various 

concentrations of synthesized zinc oxide 

nanoparticles (experimental), plant extracts 

as well as solvents’ (control) was 

determined by agar well diffusion method. 

The autoclaved Muller & Hinton agar media 

was mixed well and poured into 100mm 

petriplates (20-25 mL/plate) while still 

molten. The media was allowed to solidify 

and left over night in incubator to check 

contamination. Then these properly labeled 

petri plates containing 20 mL media were 

inoculated with different cultures of 

bacterial strains. Four different human 

pathogenic species i.e.; Klebsiella 

pneumonia, Pseudomonas aureginosa, 

Escherichia coli and Acetinobactor bauminii 

were tested against experimental and control 

samples. Three wells were made in each 

plate with the help of cork borer and labeled 

properly. Zinc nanoparticles (15 µl solution 

of 20mg/mL solution) and pure plant 

extracts (namely aqueous and ethanol 

extracts 1.5μl of each) were added in wells. 

The antibacterial components present in the 

experimental and control solution were 

diffused into medium and interacted with the 

test organisms freshly inoculated in Petri 

plates. Then the plates were kept in 

incubator for 24-36 hrs. After that, zones of 

inhibition were studied, measured and 

tabulated [15].    

Statistics  

The data thus generated was analyzed 

through statistical computer software SPSS. 

Means were analyzed by using one way 

ANOVA. Significance of the results was 

found by applying TUKEYS test at 5% level 

of significance. 

Results 

The experiment was set up to examine the 

effect of different concentration of clove 

extract on formation of nanoparticles when 

the solvent was water. In this experiment 

control is the standard clove extract, while 

10mL, 20mL and 30mL are three volumes 

of clove extract with 10mL of zinc sulphate 

solution (4mM) each and designated as K1, 

K2 and K3 respectively. These three volumes 

were observed for the color change to 

indicate nanoparticles formation. The 

experiment was setup for 4 hours, to allow 

zinc sulphate to react with plant extract to 

form nanoparticles and it resulted in color 

change from dark brown to blackish brown 

(Figure 1) in different concentrations of 

clove extract which indicated the formation 

of zinc nanoparticles. 

http://dx.doi.org/10.19045/bspab.2017.600115


Javad et al. 

1082 

 
Figure 1. Color change in clove water extract with ZnSO4 solution 

UV-Visible Spectrophotometery determines 

the formation of nanoparticles. UV-Vis 

absorption spectrum of clove plant extract 

and Zn nanoparticles samples are shown in 

Figure 2. UV-Visible spectrum of plant 

extract (clove) with water showed peak 

absorbance of 1.73 at wavelength of 230nm 

whereas ZnNPs showed low peak 

absorbance than standard plant extract 

(clove) at wavelength 230nm (with 

absorbance of 1.65 and 1.66 respectively). 

But ZnNPs of both volumes showed highest 

peak at wavelength 540nm with absorbance 

of 2.0 and 1.92 respectively. This shows that 

the formation of ZnNPs in the reaction 

solutions (Figure 2). ZnNPs 30 mL (K3) is 

almost as same as the standard plant extract 

and shows peak absorbance of 1.72 at 

wavelength of 230nm due to very minute 

amount of formation of zinc nanoparticles 

which was also confirmed by very small 

pellet formed from this. Particle size 

analyzer (model BT-90 nano laser particle 

size analyzer) showed 44.4nm size of ZnO 

NPs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. UV-Visible spectra of water plant extract, ZnSO4+10mL plant extract (K1), 

ZnSO4+20mL plant extract (K2), ZnSO4+30mL plant extract (K2) 
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Plant Extract   C1 

 
C2    C3 

 

In the second experiment ethanol was used 

as a solvent instead of water and three 

volumes of reaction mixtures were labelled 

as C1, C2 and C3 respectively. The 

experiment was setup for 4 hours, to allow 

zinc sulphate to react with plant extract to 

form nanoparticles and it resulted in color 

change from pale yellow (Figure 3) to dark 

yellow and settlement of off-white mass at 

base in different concentrations of clove 

extract which indicated the formation of zinc 

oxide nanoparticles. 

 
Figure 3. Color change in clove ethanol extract with ZnSO4 solution 

UV-Visible Spectrophotometery is shown in 

Figure 4. Absorbance peak in UV-Visible 

spectrum showed by plant extract (clove) 

with ethanol is 1.40 at wavelength of 290nm 

while at the same wavelength (290nm) 

ZnNPs formed by 10 mL (C1), 20 mL (C2) 

and 30 mL (C3) volumes showed low peak 

absorbance than standard plant extract 

(clove). Absorbance of ZnNPs formed by 10 

mL (C1), 20 mL (C2) and 30 mL (C3) 

volumes showed highest peak at wavelength 

550nm with absorbance value of 2.10. It 

means all the concentrations of particles 

formed have same characteristics as their 

peaks absorbance values are same at same 

wavelength. While Zn nanoparticles formed 

were of size 103nm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. UV-Visible spectra of ethanolic plant extract, ZnSO4+10mL plant extract (C1), 

ZnSO4+20mL plant extract (C2), ZnSO4+30mL plant extract (C2) 
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The plant extract composition of clove with 

zinc sulphate was tested to find their 

antibacterial ability against four different 

bacterial strains namely, K. pneumonia, E. 

coli, A. bauminii and P. aureginosa. The 

bacterial species were grown on petri dishes. 

The activity was observed as the bacterial 

streaks disappeared from the surrounding 

area of the wells called inhibition zone. 

These are the results of activity of 

nanoparticles against the bacterial species. 

These inhibition zones were to calculate 

approximately the antibacterial activity of 

nanoparticles and to make their comparison 

with that of plant extracts. Statistical 

analysis of these estimated inhibition zones 

provide the difference between clove plant 

extract antibacterial activity and its ZnNPs 

antibacterial activity.  Figure 5 and 6 show 

the antibacterial activity of nanoparticles of 

water and ethanol against K. pneumonia 

(1.43mm and 1.066mm), E.coli (2.14mm 

and 1.78mm), A. bauminii (2.3mm and 

1.83mm) and P. aureginosa (1mm and 

1.73mm) respectively which were 

significantly different from the pure plant 

extract that were 1.15mm, 1.766mm, 

1.53mm and 1.86mm respectively. In K. 

pneumonia a higher antibacterial activity of 

water NPs was observed as compared to 

plant extracts and ethanolic nanoparticles 

formed. Pure plant extract showed lesser 

antimicrobial efficiency against E. coli as 

compared to nanoparticles. In A. bauminii 

nanoparticles shows more efficiency against 

antibacterial activity as compare to plant 

extract. In case of P. aureginosa pure plant 

extract showed more antimicrobial 

efficiency as compared to nanoparticles. 

 
Figure 5. Antibacterial activity of plant extract of Syzigium cumini and nanoparticles 

formed by it 
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Against E. coli        K. pneumonia 

 

A. bauminii     Pseudomonas sp. 

 

 

 

 

 

 

 

 

Figure 6. Antibacterial zones in mm against selected bacterial strains 

Discussion 

In the past few years, the use of 

nanoparticles has been dramatically 

increased in different applied fields of 

science and technology. Their uses are 

ranging from material science to 

biotechnology. Thus, the synthesis of 

nanoparticles can be considered as a 

dynamic area in research and application of 

nanoparticles. The different methods of 

nanoparticle synthesis include physical, 

chemical and biological methods. Of these 

methods, the biological synthesis is to be 

comparatively widely used due to its 

advantages of being low cost, non-toxic and 

environmental friendly. Bioapplications of 

nanoparticles have paved way for green 

synthesis of nanoparticles [16]. The plant 

used in the present study was clove 

(Syzygium aromaticum) to obtain extracts 

with different solvent i.e., water and ethanol. 

It was found that plant used formed 

nanoparticles as their extract color changed 

after reacting with zinc sulphate (ZnSO4). 

The color change was from dark brown to 

blackish brown for water extract, while for 

ethanol extract it was a change of pale 

yellow to dark yellow. Color change was 

also monitored by changing maximum 

absorption wavelength with the help of UV-

VIS spectrophotometer. Ojha studied the 

synthesis of silver nanoparticles and their 

efficiency in clove. Their study concluded 

that clove nanoparticles formation was 

observed by the change in color. UV 

spectroscopy studies reported the maximum 

absorbance of silver nanoparticles reduced 

by Lavang extract at 417 nm [17]. 

Pattanayak demonstrated that Clove Bud 

extract is capable of producing iron 

nanoparticles that shows good stability in 

solution, under the UV-Visible wavelength 

nanoparticles shown quiet good surface 

Plasmon resonance behavior [18]. Shah 

stated that when the leaf extract incubated 

with Zn nitrate, the color changed from pale 

yellow to pale brown after one hour of 

incubation at room temperature. The change 

in color indicates the formation of 

nanoparticles. UV spectroscopy analysis 

showed maximum absorption at about 330 

nm.Antibacterial activity test was performed 

 

E= Ethanoli 

nanoparticles  

 

W= Water 

nanoparticles  

 

P= Plant 

Extract 
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to find out the extent and efficiency of the 

formed nanoparticles. For this purpose four 

different human pathogenic species were 

used namely Klebsiella pneumonia, 

Pseudomonas aureginosa, Escherichia coli 

and Acetinobactor bauminii. It was found 

that the largest inhibition zone against 

Klebsiella pneumonia, Escherichia coli and 

Acetinobactor bauminii was formed by the 

clove ZnNPs in aqueous solution, which was 

1.43mm, 2.14 mm and 2.30mm respectively. 

Water ZnNPs have showed more efficiency 

in antibacterial activity than ethanol ZnNPs 

[19]. It has been reported earlier that the 

antibacterial efficiency of the nanoparticles 

is inversely related to their size [20]. ZnO 

nanoparticles increase the membrane 

permeability and then accumulate in 

bacterial cytoplasm and kill them. ZnO 

nanoparticles with plant metabolites may be 

more effective in this regard. Bacteria has 

proteins and other glycolipids on their 

surfaces and Plant metabolites stuck on the 

surface of nanoparticles interact with those 

membrane conjugates. So they cause death 

of bacterial cells more effectively [21, 22]. 

Conclusion 
The present study deal with the biosynthesis 

of zinc oxide nanoparticles using the plant 

extracts of clove (Syzygium aromaticum). 

Clove can be a good source for the synthesis 

of zinc oxide nanoparticles. Particles are 

highly stable and showed high solubility in 

water. The synthesized ZnO nanoparticles 

were checked for antibacterial activity 

which may be due to the reactive oxygen 

species produced by the nanoparticle against 

bacteria as well as due to the electrostatic 

interaction between nanoparticles and 

bacterial species. Moreover the size of the 

nanoparticle also influenced the 

nanoparticle’s antibacterial activity. The 

ZnO nanoparticle shows higher activity 

against gram negative bacterial strains than 

the gram positive strains.  
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