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ABSTRACT 
 

Introduction: The interaction of nanoparticles (NPs) with biomole-
cules and microorganisms is an expanding field of research. Zinc 
oxide nanoparticles (ZnO-NPs) are known to be one of the multi-
functional inorganic nanoparticles with effective antibacterial ac-
tivity. This study aims to determine the antimicrobial efficacy of 
biologically synthesized ZnO-NPs. Methods: This quasi experimen-
tal study was designed to synthesize of ZnO-NPs from zinc sulphate 
monohydrate (ZnSO4.H2O) solution using Citrus paradisi peel ex-
tract as reducing agent as well as capping agent which being con-
sidered a rapid process that requires no toxic chemicals. The cha-
racterization of nanoparticles was done by using (Ultraviolet visi-
ble) UV-Vis spectroscopy. This biological synthesis guided ZnO-NPs 
were then studied on Gram negative bacteria like Escherichia coli 
(E. coli) using disc diffusion method to evaluate its antibacterial 
activity. Results: The ZnO-NPs containing solution showed distinc-
tive colour change and a sharp peaked Surface Plasmon Resonance 
(SPR) appeared at 370 nm which suggested formation of nanopar-
ticles. The antibacterial activity of different concentrations of ZnO-
NPs, ZnSO4.H2O solution and reference drug ciprofloxacin revealed 
that ZnO-NPs possessed significant antibacterial effect (p < 0.001) 
compared to ZnSO4.H2O solution but relatively less antibacterial 
effect than that of ciprofloxacin. Conclusion: The results depicted 
that the biologically synthesized nanoparticles have significant an-
tibacterial property. Wide range of antibacterial effects, safety and 
detailed mechanisms of ZnO-NPs should be further studied tho-
roughly. 
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INTRODUCTION 
anotechnology may be defined as the 
synthesis, characterization, exploration 
and application of nano-sized materials 

for the development of science.1 It has wide 
range of applications in nanomedicine, nanoelec-
tronics, energy production and consumer prod-
ucts etc. Nanoparticles (NPs) are the particles 
having at least one dimension less than 100 nm.2 

Smaller the size of particles greater will be sur-
face area compared to their volume which en-
hances the reactivity of the nanoparticles.3 The 
nanoparticles are synthesized through physical, 
chemical and biological methods. Conventional 
physical and chemical methods produce some 
adverse effects like production of toxic bypro-
duct, requirement of high temperature and pres-
sure, more time consumption and expensive etc.4 
Biological method is one of the most preferred 
method because it is simple, inexpensive, good 
stability of nanoparticles, less time consuming, 
non-toxic byproducts and large scale synthesis 
etc. Moreover, use of plants or part of plants for 
the synthesis of nanoparticles is ecofriendly.3,5 

Zinc is an important metal of our body. It acts as a 
cofactor of enzymes. It supports gonadal activity, 
growth, wound healing and boost immune sys-
tem. Zinc oxide nanoparticles (ZnO-NPs) are in-
teresting among all metal oxide nanoparticles 
due to its antibacterial, antifungal, wound healing 
and UV filtering properties.6,7 It has also antioxi-
dant, catalytic and anti-diabetic activity. It has 
longer durability, higher selectivity and heat re-
sistance capacity.8  
Bacterial infectious diseases are serious health 
problems that have drawn the public attention 
worldwide as a human health threat, which ex-
tend to economic and social complications. In-
creased outbreaks and infections by pathogenic 
strains, bacterial antibiotic resistance, emergence 
of new bacterial mutations, lack of suitable vac-
cine and hospital associated infections are global 
health hazards to humans. So, innovation of new 
antibiotics is the immense challenge for modern 
medical science. ZnO-NPs produce antibacterial 
activity by several mechanisms such as by direct 
interaction with bacterial cell wall, by liberating 
antimicrobial ions mainly zinc ions (zn2+) and by 

forming reactive oxygen species (ROS) etc. Inte-
restingly, ZnO-NPs are reported by several stu-
dies as non-toxic to human cells.9 So, this aspect 
necessitated their uses as antibacterial agents. 
Researchers are using biological method for the 
synthesis of various nanoparticles due to eco-
friendly nature. Many researchers used different 
kinds of plants for the synthesis of ZnO-NPs such 
as Citrus paradisi, Citrus aurantifolia, Seaweeds, 
aloe vera, punica granatum, neem, tamarind, Ca-
lotropis gigantea, green tea, lemongrass etc.10 
Among these plants Citrus paradisi is cheaper and 
available in local market of Bangladesh. The local 
name of Citrus paradisi is orange. 
The biosynthesis of ZnO-NPs and studies on their 
antimicrobial effects are still in the infancy stage 
and limited number of works has been reported. 
So far, this type of study is new in our country. 
Therefore, it is thought worthwhile to study the 
synthesis of ZnO-NPs by biological method using 
Citrus paradisi peel extract as reducing as well as 
capping agent. Antibacterial activity of ZnO-NPs 
was also evaluated on Gram negative bacteria 
like Escherichia coli by disc diffusion technique. 
 

METHODS 
This Quasi Experimental Study was conducted in 
the Department of Pharmacology and Therapeu-
tics, Rajshahi Medical College, Rajshahi, in colla-
boration with the Department of Microbiology, 
Rajshahi Medical College, and Rajshahi during the 
period of July 2015 to June 2016. Protocol of this 
study was approved by Institutional Review 
Board (IRB) of Rajshahi Medical College, Rajshahi. 
Preparation of peel extract: At first, within a 
glass beaker (500 ml) Citrus paradisi peel extract 
was prepared by boiling 100 gm peel in 400 ml of 
deionized water at 800C for 30 minutes. The ex-
tract was filtered through Whatman filter paper 
and stored in refrigerator at 40C for further expe-
riments.11 
Synthesis of ZnO-NPs: The mixture of 90 ml 
aqueous peel extract of Citrus paradisi and 300 
ml of 3 mM ZnSO4.H2O solution was made in a 
beaker and stirred for 3 hours at 75-800C by 
Magnetic stirrer with hot plate (Model no. MS-
300, Qingdao Tlead International Co., Ltd. China) 
and kept for observation at room temperature up 
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to change in colour. The change of colour from 
yellowish green to light yellow proved for the 
formation of ZnO-NPs.11 
UV-Vis Spectral Analysis: The presence of ZnO-
NPs in the prepared solution was analyzed by UV-
Vis spectroscopy using spectrophotometer (Mod-
el 340, Sequoia-Turner Corporation, Germany).  
Absorbance of prepared solution was measured 
repeatedly after 01 hour, 24 hours, 07 days and 
21 days to see the stability of ZnO-NPs. The scan-
ning range for the samples was 350-440 nm.12 

Baseline correction of the spectrophotometer 
was carried out by using a blank reference.  
Antibacterial Activity of ZnO-NPs: The antibac-
terial activity of ZnO-NPs, ZnSO4.H2O solution and 
Ciprofloxacin were studied by Disc diffusion me-
thod on Escherichia coli in Mueller-Hinton Agar 
media (Himedia, Mumbai, India). Twenty four 
hours fresh cultures were prepared and the stan-
dardized (McFarland No. 0.5) inoculum was made 
and used for the antibacterial study.3 By using 
micropipette 10 µg, 20 µg, 30 µg, 40 µg and 50 µg 
of ZnO-NPs and ZnSO4. H2O solution was added in 
sterile paper discs (5mm) made of Whatman filter 
paper. For 01 µg of ZnSO4, 02 µL of ZnSO4 solution 
and for the 01 µg of ZnO-NPs, 01 µL of ZnO nano-

solution were put into Whatman paper disc. Disc 
containing ZnO-NPs, ZnSO4.H2O solution and Ci-
profloxacin were placed on solidified agar plates 
with the help of a sterile forceps.The cultured 
agar plates were incubated at 37°C for 24 hours. 
The diameter of the Zones of inhibition including 
the diameter of discs were measured after 24 
hours of incubation with transparent millimeter 
ruler.7 

 

Statistical analysis: 
The results were calculated as mean±standard 
deviation (SD). Data of zone of inhibition of E. coli 
created by ZnO-NPs and ZnSO4.H2O (aq) solution 
were compared using paired t-test. A p-value less 
than 0.05 were considered statistically significant. 
 

RESULTS 
Synthesis of ZnO-NPs: 
Establishment of ZnO-NPs was proved by the 
change of colour from yellowish green to light 
yellow.  
UV-Vis Spectral Analysis 
Absorption spectra of ZnO-NPs had a sharp peak 
and absorbance maxima at 370 nm. There was no 
significant change observed in peak position for 
1st and 21st day (Figure 1).  

 

 

 

 

 

 

 

 

 

 

Figure 1. Showing UV-Vis spectra of synthesized ZnO-NPs using C. paradisi peel extract 
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Antibacterial Activity of ZnO-NPs 
Zone of inhibition produced by ZnO-NPs, 
ZnSO4.H2O and Ciprofloxacin are shown in Table I. 
Results were expressed as Mean±SD. 
Ciprofloxacin (5 mcg/disc) produces Zone of inhi-
bition 20.83±2.14 mm, which was greater than 
ZnO-NPs and ZnSO4.H2O solution. On the other 
hand, ZnO-NPs exhibited greater Zones of inhibi-

tion than ZnSO4.H2O at different strengths. High-
est activity of ZnO-NPs was found at the concen-
tration of 50 µg (10.26±0.65 mm). No Zone of 
inhibition was found in control (Peel extract/ 
Deionized water) solution. Statistical analysis 
proved that ZnO-NPs have got significant antibac-
terial activity (p< 0.001) as compared to ZnSO4.H2O 
at all strength. 

 

Table I. Showing Zones of inhibition found in E. coli cultures 
  

Concentrations 
(µg/disc) 

Zones of inhibition (mm) (Mean±SD) 

 
ZnSO

4
. H2O ZnO-NPs Ciprofloxacin 

(5 µg/disc) 
Control 

10 µg 00±00 5.1±0.17  
 

 
20.83±2.14 

 
 
 

00 

20 µg 5.15±0.12 6.8±0.78 

30 µg 5.67±0.37 7.53±0.7 

40 µg 6.00±0.63 8.55±0.67 

50 µg 6.62±0.43 10.26±0.65 

             p- < 0.001 

DISCUSSION 
Green synthesis of ZnO-NPs from plant extract is 
better than others.5 Plants are easily available, 
safe and nontoxic, in most cases have a broad 
variety of metabolites. That can aid in reduction 
of metallic ions quicker than others. Nanopar-
ticles exhibit different colour in aqueous solution 
due to excitation of surface plasmon vibration.1,13 
In the ZnO-NPs, electrons oscillate collectively. 
These oscillations affect how light interacts with 
the nanoparticles. The specific oscillations de-
pend on the particles size and shape. So particles 
of different sizes have different colours in differ-
ent surface plasmon absorption peak. Mishra et 
al.5 found brownish yellow coloured ZnO-NPs 
with surface plasmon absorption peak at 364 nm. 
They used peel extract of Punica granatum for 
the synthesis of ZnO-NPs. Pale-white coloured 
ZnO-NPs with surface plasmon absorption peak 
at 325 nm was observed by Senthilkumar et al.3 

They used green tea for the synthesis of ZnO-NPs. 

Another study done by Ramesh et al.6 were found 
light white coloured ZnO-NPs with surface plas-
mon absorption peak at 208 nm and 215 nm. 
They used Citrus aurantifolia for the synthesis of 
ZnO-NPs. Rajamanickam et al.1 stated brown co-
loured ZnO-NPs with surface plasmon absorption 
peak at 310 nm. They used Actinomycetes for the 
synthesis of ZnO-NPs. No peak was observed due 
to presence of impurities in NPs. Widening of 
peak indicates very small sized particles.14 We 
have found light yellow coloured ZnO-NPs with 
surface plasmon absorption peak at 370 nm wa-
velength. Our observation is in agreement with 
the other study reported by Kumar et al.11 
 

UV-vis spectroscopy is one of the most widely 
used techniques for characterization of nanopar-
ticles. The absorption phenomenon shown by the 
nanoparticles is due to surface plasmon reson-
ance. The position and shape of plasmon absorp-
tion of nanoparticles were strongly dependent on 
the particle size, dielectric constant and surface 
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absorbed species. Nanoparticles of various 
shapes and sizes, from approximately 40 to 120 
nm, having colours ranging from violet ~400 nm  
to red ~700 nm wavelength, were characteris-
tics.15 Surface plasmons are essentially the light 
waves that are trapped on the surface because of 
their interaction with the free electrons on metal. 
When metal nanoparticles are embedded in di-
electric media and specimens re-exposed to elec-
tromagnetic radiation, Surface Plasmon Reson-
ance (SPR) absorption band is observed at a spe-
cific wavelength depending upon the nature of 
metal, size of the particles and distribution. 
In present study, ZnO-NPs exhibited a single and 
well defined peak in the absorbance spectrum 
with maximum absorbance at 370 nm which cor-
responds to characteristic SPR of ZnO-NPs. Sever-
al studies1,3,5 have observed only single absorp-
tion peak like us. On the other hand, Ramesh et 
al.6 and Meruvu et al.14 have founded double and 
twelve surface plasmon absorption peak respec-
tively. 

The synthesized ZnO-NPs were stable without 
shifting the surface plasmon absorbance band 
observed at 1st, 7th and 21st day. But after 21 days 
stability was lost. Stable SPR peak indicates that 
new particles do not aggregate.16 Mishra et al.5 
reported synthesis of ZnO-NPs by peel extract of 
Punica granatum was more stable than that of 
us. Their NPs were stable more than six months. 
Therefore, the overall findings concluded that 
synthesis of ZnO-NPs using peel extract of Citrus 
paradisi were roughly spherical in shape and hav-
ing size about 70 nm and stable for 21 days. Fur-
ther study should be done to evaluate the size 
and shape of NPs. 
In this study, the antibacterial activity of ZnO-NPs 
was tested against common pathogenic organism 
like Gram negative bacteria Escherichia coli. Zone 
of inhibition is the only criterion which has been 
used to compare the activity. The anti-bacterial 
activity of ZnO-NPs showed concentration de-
pendent activity. Though ZnO-NPs exhibited low-

er zone of inhibition than Ciprofloxacin, ZnO-NPs 
created significantly greater bacterial zone of in-
hibition and appeared sensitive compared to 
ZnSO4.H2O. The control solution of peel extract 
and deionized water did not show any antibac-
terial activity in E. coli cultures. The diameters of 
zone of inhibition in the agar plate were meas-
ured in mm and summarized in Table I.  
In a similar study done by Senthilkumar et al.3 
evaluated concentration dependent activity of 
ZnO-NPs on Gram positive and Gram negative 
bacteria prepared from Camellia sinensis. They 
obtained no zone of inhibition in E. coli cultures 
using 10 µg/disc and 20 µg/disc ZnO nano solu-
tion. But we have found 5.1 mm and 6.8 mm 
zone of inhibition with the concentrations of 10 
µg/disc and 20 µg/disc respectively. It was may 
be either due to structural differences or due to 
resistant organism. Another study conducted by 
Prasad et al.17 evaluated concentration depen-
dent activity of ZnO-NPs on Gram negative bacte-
ria like E. coli prepared by combustion method. 
They showed that 18 mm zone of inhibition in E. 
coli cultures was found at a dose of ZnO-NPs (50 
µg/disc), which was possibly due to very small 
size (30 nm) and highly pure nanoparticles. But 
we have found 10.26 mm zone of inhibition at 
same concentration may be due to crude com-
pound and different methods of synthesis. Na-
masivayam et al.18 have found greater zone of 
inhibition (30 mm) with the dose of 50 µg/disc 
than us and Prasad et al.17 It might be due to dif-
ferent method of synthesis (chemical method) 
and smaller particle size than us. The small size of 
metallic nanoparticles ensures that a significantly 
large surface area of the particles is in contact 
with the bacterial effluent. Considering a hypo-
thetical case with spherical particles of uniform 
size, a reduction in the particle size from 10 m to 
10 nm will increase the contact surface area by 
109.   
The exact antibacterial mechanism of ZnO-NPs is 
not clearly known. The smaller size of NPs facili-
tates easy entry into the microbial cell mem-
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brane, produce broad contact with microorgan-
ism and enables inhibition mechanisms inside the 
cell. ZnO-NPs generate hydrogen peroxides which 
chemically interact with membrane protein and 
lipid bilayers. The antimicrobial activities of these 
NPs may involve both the production of reactive 
oxygen species (ROS) and the accumulation of 
NPs in the cytoplasm on the outer membranes. 
ROS causes membrane dysfunction and cell death 
by oxidizing the membrane lipids.3,19 Xia et al.20 
have suggested that smaller sized NPs can enter 
the mitochondria of cells through various path-
ways and thereby induce oxidative stress and cell 
death via apoptosis.    
 

CONCLUSION 
In the present study, zinc oxide nanoparticles 
were successfully obtained by Citrus paradisi peel 
extract assisted synthesis. Significant colour 
change and UV-Vis spectroscopy suggested the 
formation of nanoparticles. Those zinc oxide na-
noparticles showed significant antibacterial activ-
ity in compared to zinc sulphate monohydrate. 
Characterization, wide range of antimicrobial ac-
tivity, mechanism of actions and safety profile of 
zinc oxide nanoparticles may be recommended.   
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