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Based on the importance of multi drug resistant and biofilm forming bacterial spread, the current
research work aimed on synthesizing the nanoparticles of zinc oxide from the plant parts of Limonia
acidissima. They were assayed for their antibacterial activities against biofilm forming urinary tract
infected pathogens including Salmonella paratyphi, Shigella, Streptococcus, Staphylococcus and Klebsiella
pneumonia which was confirmed by anti-microbial susceptibility test, 24-well polystyrene plate and
modified tube test methods. The formulation of nanoparticles was confirmed by UV–Visible spectropho-
tometry. Fourier transform infrared spectroscopy revealed the formation of biomolecules that has great
involvement in stabilizing the zinc oxide. The size as well as the shape with high resolution was con-
firmed with electron microscopical studies. It is very clear that zinc oxide nanoparticles have great
antimicrobial effect because of its inhibition role against tested urinary tract bacteria by various invitro
experiments. This provides a positive thinking on novel drug discovery, in which human health can be
improved. Hence, this study provides a scientific support to the medicinal uses of zinc oxide nanoparti-
cles for the treatment of microbial infections.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction den increase of pregnancy diabetics, functional abnormalities,
Worldwide, most prevalence infections are urinary tract infec-
tion, and it affected>10% peoples every day among the total of
150 million (Abad et al., 2019). Recent years, the most of the physi-
cians reported that the urinary tract infection is the most recog-
nized bacterial infection and the treatment is failure (Soto et al.,
2006). In women, it is very complicated infection due to the sud-
immunocompromised nature and failure of existing drugs
(Hashemzadeh et al., 2021; Katongole et al., 2020). More reports
are pointed out about urinary tract infection and it account 80%
of multi drug resistant behavior (AL-Mahfoodh et al, 2021;
Rajivgandhi et al., 2018). Recently, multiple reports are evidenced
that bundles of virulence factors are the important specific reasons
for developed multi drug resistant in urinary tract infection (Baiou
et al., 2021; Govindan et al., 2018). Especially, extended spectrum
beta lactamses, quorum sensing and biofilm formation by
exopolysaccharide are the more possible reason (Jafarzadeh et al.,
2020; Cheng et al., 2015). Among the urinary tract infection, these
three virulence factors contributed almost 75% and developed
more resistant against existing drugs (El mekes et al., 2020;
Chitra et al., 2010). Almost all the beta lactum antibiotics are inef-
fective or more susceptible to multi a drug resistant bacterium
which leads to biofilm formation.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jksus.2021.101737&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jksus.2021.101737
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:gf6086@sina.com
https://doi.org/10.1016/j.jksus.2021.101737
http://www.sciencedirect.com/science/journal/10183647
http://www.sciencedirect.com


M. Murugan, K.R. Beula Rani, J. Albino Wins et al. Journal of King Saud University – Science 34 (2022) 101737
Biofilm is an infection caused by bundled pathogenic bacteria
contacted each other for produce recurrent infection, especially
in urinary tract infections (Hatt and Rather, 2008; Jenke-Kodama
et al., 2008). Quorum sensing mediated communication,
exopolysaccharide, other external swarming behavior, and some
internal cellular parts are the major factors for biofilm production
(Delcaru et al., 2016; Arulanandraj et al., 2018). Compare with
multi drug resistant bacteria, biofilm produced bacteria having
multiple of 100 times efficient against existing pathogens. So, there
is need in emergence and worldwide, the inhibition effect of suc-
cessive antibiotics with virulence alteration role (Hancock et al.,
2007). So, recent years plant and their phytochemical mediated
nanoparticle was alternative drug choice for inhibit the existing
drug resistant pathogens (Li et al., 2018; Liu et al., 2009).

L. acidissima is a decidious tree with slender light branchlets
that droops at the tip (Datta et al., 2017; Hartmann et al., 2007).
The fruits are spherical with 5–12.5-cm diameter in size. It pos-
sesses woody hard outer shell, known as rind (Lavenus et al.,
2010; Vidhya and Narain, 2011). The fruit has better effect towards
liver and cardiac tonic and also work against diarrhea and dysen-
tery, cough, sore throat etc. The pulp possess various therapeutic
effects like anti-inflammatory (Pradhan et al., 2012), antipyretic
(Rishton et al., 2008), hypoglycemic (Saadeh and Vyas et al.,
2014), antitumorous (Sahoo et al., 2010), antimicrobial (Sahu
et al., 2013) and hepato effects (Schmidt et al., 2008; Vidhya and
Narain, 2011). The juice of the leaves act as a potent releiver for bil-
iousness and stomach obstacles (Sevinç et al., 2010; Vasant and
Narasimhacharyaa, 2011).

Zinc oxide nanoparticle is one of the most research oriented
material with multiple focus in downstream applications
(Araujo-Lima et al., 2017; Azam et al., 2012). The microcrystals of
this nanoparticles are the potent absorbers of UV A and UV B
because of its wide region bandgap (Jones et al., 2008). The great
rely of zinc oxide on biological evidences mainly focused on size
of the particle, time of exposure, effect of concentration parame-
ters, concentration of pH, and strategies of biocompatibility
(Kalpana and Devi Rajeswari, 2018; Siddiqi and Husen, 2017).
The principle of zinc oxide nanoparticles with effect of light has
the tendency of penetrating the bacterial cell wall through diffu-
sion effect (Kumar et al., 2018). The SEM and TEM photography
showed that zinc oxide nanoparticles can disintegrate the bacterial
cell, penetrate and further accumulate in cytoplasm, and further
leads to apoptosis (Chatterjee et al., 1980). It is also considered
as multifunctional nanocarriers for the purpose of drug delivering
effects. Zinc oxide nanoparticles has considerable array of antimi-
crobial effects by inhibiting the cell wall and cytoplasm and also
the biomolecules (Singh et al., 2017; Li et al., 2018).

In this study, antibacterial activity against selected pathogens is
monitored by synthesizing nanoparticles of different plant parts
like leaf, bark and shell. The pH of the synthesized nanoparticles
is analysed and further structural determination patterns were
determined by UV–Visible Spectroscopy, Scanning Electron Micro-
scopy and FTIR analysis. The evaluation strategy of antibacterial
activity with synthesized zinc oxide nanoparticles along with
MIC was performed. The pathogens selected for antibacterial anal-
ysis include Salmonella paratyphi, Shigella, Streptococcus, Staphylo-
coccus and Klebsiella pneumoniae.
2. Materials and methods

2.1. Collection and processing of bacteria and plant samples

The multi drug resistant effect of biofilm producing bacteria
Staphylococcus aureus, Streptococcus pyogenes and Salmonella
paratyphi, Shigella sp., Klebsiella pneumoniae were obtained from
2

Department of Marine Science, Bharathidasan University, Tiruchi-
rappalli, Tamil Nadu, India. In addition, the multi-drug resistant
behavior and biofilm forming effect was further proved by invtro
experiments. The ripe fruits and leaves of Limonia acidissima were
collected, identified and authenticated by the botanist Dr. C.
Jespin Ida from Holy Cross College (Autonomous), Nagercoil,
Tamil Nadu, India. Bark, leaves and fruit shell of the plant were
collected and used for the study. The samples were dried,
chopped and finely powdered and stored in air and light resistant
containers. About 20 gms of powdered bark, leaf and fruit shell
samples were taken and soaked with 100 ml of sterilised distilled
water, boiled at 60 �C for 1 h and finally the extracts were cooled,
filtered with Whatman No.1 filter paper, and the filtrate was
stored at 4 �C.

2.2. Identification of multi drug resistant nature

All the gram positive and gram negative bacteria Staphylo-
coccus aureus, Streptococcus pyogenes and Salmonella paratyphi,
Shigella sp., Klebsiella pneumoniae were performed in invitro
experiment for identification of multi drug resistant effect
using various antibiotic disc by disc diffusion method including
cefotaxime (CTX/30ug), piperacillin (PI/100ug), piperacillin/ta-
zobactum (PIT/100/10), Ceftazidime (CAZ/30 ug), ceftazidime/-
clavulanic acid (CAC). Briefly, the disc diffusion of this
method was followed by Rajivagndhi et al. (2018), previously
done using third generation cephalosporin. Freshly prepared
muller hinton agar was swabbed by 48 h culture of Staphylo-
coccus aureus, Streptococcus pyogenes and Salmonella paratyphi,
Shigella sp., Klebsiella pneumoniae without made any droplet
of heat and gently put the selected discs on the agar surface.
All the plates were monitored under room temperature for
24 h and followed kindly noted the zones around the per-
formed discs containing agar surface places. All the results
were compared with standard guidelines of Clinical & Labora-
tory Standards Institute and interpret the multi drug resistant
effect of the tested bacteria.

2.3. Discover the biofilm producing efficiency

Based on the multi drug resistant efficiency, the selected bac-
teria was performed to biofilm detection in 24-well polystyrene
well plate method based on the recent reported evidence of
Hancock et al., (2007). Clearly, all the chosen bacteria were cul-
tured in freshly prepared sterile nutrient broth with 24 h and
48 h respectively. After 24 h and 48 h time duration, the adherent
cells were separated from non-adherent cells of the wells using
freshly prepared phosphate buffer solution. In this process, the
biofilm forming bacteria could able to absorb the crystal violet
because of the virulence production. So, the crystal violet 4%
was stained on the wells and discarded after 15–20 min based
on the continuous stained formation of bacterial culture. After,
for recovering decolonization, initially phosphate buffer solution
and alter double distilled water were used 3–4 times respectively.
Consecutively, dry the wells using air atmosphere and add 2–3 ml
of ethanol for detect the strong biofilm cells by ELIZA reader
quantitatively at wave length of 600 nm. Based on the O.D value
of the crystal violet observed biofilm positive bacteria was calcu-
lated and mentioned as strong or moderate or low biofilm
bacteria.

2.4. Qualitative analysis of biofilm bacteria

The initial quantitative experiment was later confirmed by
qualitative tube test for biofilm confirmation using methodology
of recently reported article (Hashemzadeh et al., 2021). Before dis-
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carding the culture for crystal violet treatment, all the cultures
were taken in a test tube and allowed to grow in tryptic soy broth
with 1 day in room atmosphere. After complete mate formation
was observed in the edge of the tube, the same freshly prepared
crystal violet solution (4%) was treated into the tube after discard-
ing the 24 h culture. Then continuously treated by double distilled
water three to four times after phosphate buffer solution wash.
Then, dry the tube in clean room temperature and then put in
inverted position. Finally, the formed ring in the biofilm tubes were
cross checked with previous result and reported as per guidelines
of CLSI.
2.5. Biosynthesis of zinc oxide nanoparticles

2.97 g of 0.1 M zinc nitrate hexahydrate was taken and
added with 400 ml of distilled water. 5 ml of the extract from
bark, leaf and shell extracts were added to the corresponding
bottles containing 95 ml of zinc nitrate solution, with control.
The extracts were incubated at 80 �C for 10 min. Further, the
bottles were kept undisturbed up to 72 h for the biosynthesis
of nanoparticles. After 72 h of incubation, the bottles were
observed for change in colour and pH. UV Visible spectroscopy
was done to confirm the interaction between the samples and
zinc nitrate solution. Further, centrifugation was done at
5000 rpm for 30 min, pellets were collected and purified.
2.6. Characterization of nanoparticles

The powdered zinc oxide nanoparticles were characterized and
photographed using Scanning Electron Microscope (SEM). The
dried powder was mixed with acetone and loaded in sample
holder. The loaded sample was then dried under vacuum and sub-
jected to SEM analysis. The purified dried pellets of control, leaf,
bark and shell were subjected to Fourier transform infrared spec-
troscopy with KBr pellets and spectrum was observed
(Resolution-4 nm) under the range of 400–4000/cm.
2.7. Biomedical properties of synthesized nanoaprticles

2.7.1. Antimicrobial sensitivity test
Muller Hinton agar plates were prepared and the plates were

swabbed with all the selected isolates. Using a sterile well cutter,
wells were cut on the muller hinton agar plates. The synthesized
nanoaprticle solution was added along with control antibiotics into
the respective wells and incubated for 24–72 h at 37 �C. The zone
of inhibitions were measured in mm using standard chart (Mishra
et al., 2011).
2.7.2. Minimum inhibitory concentration (MIC)
MIC was performed, to analyse the least concentration of drug

that has the effect to inhibit the complete bacterial growth. Add
1.6 ml of nutrient broth in first and last tubes. To all the other tubes
add 0.9 ul of nutrient broth. To the first and last tubes, add 10–
100 ml of extract and 200 ml of DMSO reagent and mixed well. Serial
dilution was performed and the tubes were incubated at 37 �C for
overnight. After 24 h, add 20 ml of resazurin dye and incubated at
37 �C for 6–8 h.
2.7.3. Minimum bactericidal concentration (MBC)
The MBC was performed by sub-culturing 100 ml of dilutions

from MIC tubes onto Muller-Hinton agar plates. The inoculated
plates were incubated for 24 hrs and the highest dilutions with
low or no bacterial colony were marked as MBC (Poongodi et al.,
2013).
3

3. Results and discussion

3.1. Identification of multi drug resistant efficiency in selected bacteria

After measure the zones around the tested discs, the result
was suggested and favored to the detected result and all the bac-
teria were confirmed as multi drug resistant effect. Because, the
antibiotic discs of ceftazidime and cefotaxime were produced no
zones against almost all the bacteria except K. pneumoniae
(Fig. 1a). In addition, cefotaxime, piperacillin and piperacillin/ta-
zobactum were produced 8 mm, 12 mm 26 mm zones respec-
tively against K. pneumoniae (Fig. 1b). Further, the cross checked
evidences against K. pneumoniae against the antibiotics of cefo-
taxime and piperacillin were also shown more similar zones
around 8 mm and 12 mm (Fig. 1c). All the results of zones and
non-zones measurement were available in Table 1. Based on the
clear result, the obtained bacteria were multi drug resistant bac-
teria and it prevalence was very effective in urinary tract infec-
tions. Recently, researchers were reported that the urinary tract
infected bacteria shown with more multi drug resistant charac-
teristic nature (Baiou et al., 2021; Jafarzadeh et al., 2020). Similar
statement was announced by WHO on 2017, the multi drug resis-
tant bacteria in urinary tract infections were very dangerous,
because most of the antibiotics were ineffective (Soto et al.,
2006). This statement was agreed by AL-Mahfoodh et al (2021),
the urinary tract bacteria were very important bacteria due to
the continuous development of multi drug resistant characters
against existing antibiotics.
3.2. Earlier identification of biofilm formation

Obviously, multi-drug resistant bacteria have the biofilm genes
and some virulence factors for production of biofilm (Delcaru et al.,
2016). As per the statement, the current result was proved that the
obtained urinary bacteria were clearly produced strong biofilm for-
mation. In 24-well plate, initially the complete mate was formed in
respective obtained bacteria wells and non-mate formation was
shown in universal non-biofilm K. pneumoniae MTCC culture. After
seen with naked eye with clear mate differentiation of control or
treated results were suggested our urinary bacteria as strong bio-
film producer. The primary confirmation was later proved by crys-
tal violet observed bacterial colonies and attached cells of the
bacteria were exhibited strong biofilm O.D values. One can see,
the ELIZA reader results were strongly proposed that the O.D val-
ues of >300, >320, >360, >410 and >290 (Fig. 2). According to the
CLSI guidelines, the resulted O.D values were meeting out the
guidelines and proposed that the selected bacteria were strong bio-
film producer (Table 2).
3.3. Qualitative analysis of biofilm bacteria

The quantitative result of biofilm formation was finally con-
firmed by tube ring formation experiment and this study result
was more correlated to ring formation. The result was also favor
to current study, all the obtained bacteria were shown rigid ring
after decolorization with phosphate buffer saline degradation. Con-
trary, the unstained control was supported to the positive biofilm
production (Fig. 3). In addition, the rigid rings were suggested that
the bacteria were highly attached on the walls of the tubes. This
result was seen after 24–48 h time duration only because of the
effect of complete biofilm production virulence factors. In between
the time duration of 24–48 h, the virulence factors were highly
activated the respective gens for biofilm formation. So, the com-
plete mate was formed by excessive production of exopolysaccha-
ride, proteins and amino acids (Rajivgandhi et al., 2021). In



Table 1
OD values of synthesized ZnO nanoparticle using leaf, bark and shell extracts.

Sl.No. Wavelength(nm) Absorption(Å)

Leaf Bark Shell

1 330 0.5426 0.2197 0.7147
2 340 0.5461 0.1270 0.5449
3 350 0.6155 0.0590 0.3745
4 360 0.6046 0.0315 0.2695
5 370 0.5825 0.0149 0.1754
6 380 0.5581 0.0055 0.0873
7 390 0.5236 0.0005 0.0219
8 400 0.4907 �0.0018 �0.0125

Fig. 1. Isolation and identification of multi drug resistant pathogens which isolated from urinary tract infection. The no zone of inhibition (a), little zone of inhibition (b) and
cross checking antibiotic (c) against tested K. pneumoniae by disc diffusion method.
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addition, urinary bacteria could be as biofilm positive strains
because of the bacterial communication based virulence (Hatt
and Rather, 2008). Both the quantitative and qualitative analysis
of current study was highly suggested that the obtained bacteria
as strong biofilm positive bacteria (Table 3).
3.4. Synthesis of ZnO NPs

The reduction of zinc nitrate to zinc oxide when exposed to
water extract of Limonia acidissima plant parts such as leaf, bark
and shell was indicated by the change in colour. The leaf extract
exhibit yellow to brown and then to dark brown, bark extract
showed light tinch of ash to light yellow and in the case of shell
extract, light yellow to moderate yellow. There is no change of col-
our in the control (Fig. 4).
4

3.5. Characterization of nanoparticles

3.5.1. UV–visible spectroscopy
UV–Visible spectroscopy result was measured, the high peak of

0.6155 Å absorbance was observed for leaf mediated ZnO nanopar-
ticles at 350 nm. 0.2197 Å absorbance was measured for bark
mediated ZnO nanoparticles at 330 nm. Another peak was
observed in 0.7147 Å for shell mediated ZnO nanoparticles at
330 nm.
3.5.2. FTIR spectrum of zinc oxide nanoparticles
FTIR spectrum of leaf mediated zinc oxide nanoparticles shows

mainly 3 absorption band within the 1500 cm�1. The absorption
bands 3265 cm�1, 2113 cm�1, 1587 cm�1 corresponds to various
banding. The absorption band 3265 cm�1 corresponds to strong



Fig. 2. Biofilm producing bacteria using tissue culture plate method using 24-well plate by ELIZA reader.

Table 2
Biochemical identification of clinical isolates.

Sl.No. Biochemical test Human pathogens

Salmonella paratyphi Shigella sp. Staphylococcus aureus Streptococcus pyogenes Klebsiella pneumoniae

1 Indole _ +/- _ _ _
2 MR + + + _ _
3 VP _ _ + _ +
4 Citrate utilization + + + + +
5 Urease _ _ + _ +
6 TSI Alk/A Alk/A A/A A/A A/A
7 H2S + + + + +
8 Gram staining -ve rod - ve rod +ve cocci +ve cocci -ve rod

Fig. 3. Biofilm producing bacteria using tissue culture plate method using tube observation (b).
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Table 3
Antibacterial effect of synthesized zinc oxide nanoparticles of Limonia acidissima.

Sl.No Microorganism Zone of inhibition(diameter in mm)

Leaf Bark Shell

1 Salmonella paratyphi 20 mm 17 mm 17 mm
2 Klebsiella pneumoniae 19 mm 17 mm 15 mm
3 Staphylococcus aureus 16 mm R 15 mm
4 Streptococcus pyogenes 15 mm 13 mm 16 mm
5 Shigella sp. 14 mm 16 mm 14 mm

Fig. 4. Preparation of material for synthesis of ZnO NPs including Plant(Limonia acidissima) (a), Bark, leaf and shell extracts of Limonia acidissima (b) and Zinc nitrate (control)
solution and zinc oxide nanoparticles synthesized from extracts of leaf, bark and shell (c).
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broad OAH stretching, 2113 cm�1 leads to weak CNC stretching of
alkyne, strong N@C@S stretching of isothiocyanate and 1587 cm�1

to NAH bending of amine group. The other two absorption bands
are 1405 cm�1 and 1259 cm�1. This 1405 cm�1 band corresponds
to OAH bending and strong S@O stretching of sulphate and sul-
fonylchloride. The absorption peak 1259 cm�1 shows strong CAO
stretching of either alkyl aryl ether or aromatic ester.

FTIR spectrum of bark mediated zinc oxide nanoparticles shows
4 absorption band within 1500 cm�1. The absorption bands are
3283 cm�1, 2926 cm�1, 2102 cm�1, 1636 cm�1. The absorption
band with 3283 cm�1 shows strong sharp CNH stretching of alkyne
group. The band with 2926 cm�1 shows medium CAH stretching of
alkane. The band with 2102 cm�1 shows strong N@C@S stretching
of isothiocyanate group. The absorption band corresponds to
1636 cm�1 shows strong C@C stretching of monosubstituted
alkene. Another band with 1408 cm�1 corresponds OAH bending
of alcohol group.

FTIR spectrum of shell mediated zinc oxide nanoparticles shows
mainly 3 absorption bands within the range of 1500 cm�1. They are
6

3570 cm�1, 3466 cm�1, 1636 cm�1. The absorption band
3570 cm�1 corresponds to medium sharp OAH of alcohol group.
The absorption with 3466 cm�1 corresponds to strong broad
OAH stretching of alcoholic group than the other absorption band
1636 cm�1 corresponds to medium CAC stretching of disubstituted
alkane. The other lower absorption bands are 995 cm�1 and
752 cm�1. The 995 cm�1 leads to strong C@C bend of monosubsti-
tuted alcohol and 752 cm�1 corresponds to C@C bending of trisub-
stituted alkene. All the FTIR figure was available in Fig. 5.
3.5.3. Scanning electron microscopy
In SEM analysis, the micrographs of nanoparticles were minute

in size with spherical shaped and well distributed in solution. Leaf
sample showed clumped spherical particles, whereas bark and
shell sample showed different morphology. Bark sample possess
nanoparticles of rectangular spike like structures and shell sample
shows irregular porous structures. For confirmation of morphology
of biosynthesized ZnO NPs were available in Fig. 6.



Fig. 5. FTIR analysis of zinc oxide nanoparticles including Leaf (a), bark (b) and Shell (c).
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3.6. Biomedical properties of ZnO NPs

3.6.1. Antibiotic susceptibility test
The zinc oxide nanoparticles from leaf, bark and shell of Limonia

acidissimawere analyzed for its susceptibility against obtained uri-
nary isolates of Salmonella paratyphi, Shigella sp., Staphylococcus
aureus, Streptococcus pyogenes and Klebsiella pneumoniae. The ZnO
nanoparticles from leaf extract of Limonia acidissima has potential
inhibition against Salmonella paratyphi with an inhibition zone of
24 mm, that is followed by Klebsiella pneumoniae, Staphylococcus
aureus, Streptococcus pyogenes Salmonella paratyphi, and Shigella
sp. as 22 mm, 20 mm, 26 mm, 18 mm and respectively (Fig. 7).
The ZnO nanoparticles of bark extract of Limonia acidissima showed
a maximum inhibition of zone diameter 17 mm by Salmonella
paratyphi and Klebsiella pneumoniae. This is followed by Shigella
sp, Streptococcus pyogenes with a diameter of 16 mm and 13 mm
respectively. Staphylococcus aureus shows resistant to the respec-
tive nanoparticles (Shermin et al., 2012; Sirelkhatim et al., 2015).

The ZnO nanoparticles of shell extract prevailed a zone of
17 mm by Salmonella paratyphi, followed by 16 mm by Streptococ-
cus pyogenes, 15 mm by Staphylococcus aureus and Klebsiella pneu-
monia and 14 mm by Shigella sp. Comparative study results in a
7

high degree zone of inhibition seen in ciprofloxacin than strepto-
mycin. The ZnO nanoparticles relates to the inhibitory action of
streptomycin. Penicillin G showed no zone of inhibition for all of
the selected pathogens.

3.6.2. Minimum inhibitory concentration (MIC)
The bacteria were exposed to different concentrations of zinc

oxide nanoparticle; bacterial sensitivity was recorded with
increasing concentration of extracts on all the urinary pathogens
(Sonawane and Arya et al., 2017; Surmenev et al., 2014). After
incubation, the zinc oxide nanoparticles showed blue colour, in
the absence of bacteria and pink colour in the presence of bac-
teria. The minimum inhibitory concentration is 750 mg/mL with
92% inhibition for bark sample, 500 mg/mL with 94% inhibition
for leaf and 1000 ug/mL with 88% inhibition for shell extract
(Fig. 8a).

3.7. Minimum bactericidal concentration (MBC)

For evidently confirmation, the MIC result was revalidated
using MBC experiment and this result was very close to MIC.
At the same MIC concentrations, the bacterial growth was very



Fig. 6. Scanning Electron Microscopic images for zinc oxide nanoparticles including Leaf (a), bark (b) and Shell (c).

Fig. 7. Antimicrobial activity of ZnO NPs against various pathogens using leaf, bark, and shell by well diffusion method.
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low before 100 lg/mL, 80 lg/mL and 250 lg/mL concentrations
respectively. At these exact concentrations, the complete bacte-
rial growth was arrested and no growth appeared in muller hin-
ton agar plate (Thomas and Ponnammal et al., 2005; Vijayvargia
8

and Vijayvergia et al., 2014). In this study of MBC result was
more correlate to MIC and suggested that the synthesized ZnO
NPs was very efficient against urinary isolates of selected bacte-
ria (Fig. 8b).



Fig. 8. Minimum inhibition concentration of leaf, bark, and shell mediated ZnO NPs against K. pneumoniae by ELIZA reader (a) and minimum inhibition concentration of ZnO
NPs against biofilm producing bacteria K. pneumonia (b).
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4. Conclusion

Urinary tract infection is very important in recent years due to
the sources for enormous infectious causing factor. So, emerging
need to discover new kind of antibiotics that effectively inhibit
the biofilm forming pathogens. Based on the seriousness, the for-
mulation and effectiveness of Zinc oxide nanoparticles is eventu-
ally considered as a novel and environment friendly technology,
as this is promoted as an effective, inexpensive and pollution less
product. In the present study, according to the results obtained,
the extract preparation of leaves, bark and fruits of L. acidissima
shall be promptly used for the synthesis of constructive zinc oxide
nanoparticles. These specific nanoparticles have specific impact on
inhibiting the multi drug resistant biofilm forming microorgan-
isms, which specifically and potentially infected on urinary tract
infections. The effective role of zinc oxide nanoparticles shall be
promoted as a novel therapeutic agent to overcome various human
diseases.
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