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Cissus quadrangularis belongs to family Vitaceae and is an edible medicinal plant
found in India, Malaysia, Java, West Africa and Thailand. Mainly an osteogenic by nature, the
plant is used for strengthening joints and bones, reducing pain and helps to re pair fractures so
named as “Haddjod”. It has been reported in treatment of Bloody Diarrhea, skin disorders, ear
ache, hemorrhoids, irregular menstruation and leucorrhoea. The plant is a potent antioxidant
and a anti-inflammatory agent. The activity of aqueous stem extracts against Gram-negative
bacteria: Escherichia coli (MTCC-5704), Pseudomonas aeruginosa(MTCC-2295),and two
gram positive bacteria: Bacillus subtilisqtMTCC-121) and Staphylococcus aureus (MTCC-
3160) along with one cariogenic pathogen Streptococcus mutans (MTCC-497) was analyzed
using agar well diffusion assay. Zinc nanoparticles and bimetallic Cu-Zn nanoparticles were
synthesized using stem as plant part in contradiction to leaves which have been exploited by
many nanotechnologists in nanoparticle synthesis as reducing and capping agent. Pathogenic
microbes confirmed that the plant contains bioactive compounds which exhibited measurable
antimicrobial activity against bacteria. Zinc nanoparticles have abundant scope in food as
additives and packaging and are considered safe in food items. Synthesis of Zinc nanoparticles
was further confirmed using UV visible spectroscopy and XRD analysis. While bimetallic Cu-
Zn nanoparticles were confirmed by simple visual color change and UV visible spectroscopy.
The bimetallic have been in more demand as compared to monometallic as they are better in
magnetic, optical properties and this is the first report of bimetallic nanoparticle synthesis from
Cissus stem.
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Cissus quadrangularis belongs to family
Vitaceae and have wide spread distribution
in tropical parts of India.The plant is edible
and is a succulent type of vine. It is found in
Southeast Asia, Sri Lanka, Africa and Arabia.
The plant is multipurpose and almost all plant
parts are exploited for their pharmacological
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aspects. Stems have specific bone fracture healing
properties and therefore named as “Haddjod” and
Asthisamaharaka'. The roots and stems can be
applied topically or can be prescribed as decoction,
paste or in juice forms. Stem infusion have anti
helmintic properties and fed to cattle for milk
flow induction 2. Ash of plant is an alternative to
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baking powder while decoction with ginger and
black pepper has been recommended in bodyache
and muscular pain *. The paste of stem is given in
bowel infection related to indigestion and juice
intake is relieving in menstrual disorders. The
stem paste is also reported to be applied topically
in snakebite, burns, wounds, and saddle sores of
horses and camels 2. Literature is studded with
reports of treatment of osteoarthritis, rheumatoid
arthritis and osteoporosis.

Metallic nanoparticles biosynthesis has
been reported earlier using leaf extracts from
various plants such as Coffea Arabica, Azadirachta
indica, and Agathosma betulina, Camellia
sinensis, Hibiscuss abdariffa *. Nanoparticle
synthesis has been reported from leaves and stem
of Cissus plant earlier for silver nanoparticles
and depicted potent antimicrobial activity against
bacteria . Antimicrobial aspects of zinc oxide
nanoparticles have been further recommended
for its usage in food preservation, a potent
sanitizing agent for disinfecting and sterilizing food
industry equipments and containers. Zinc oxide
nanoparticles were synthesized using Parthenium
hysterophorus leaf extracts and it revealed a
quasi-spherical, radial, and cylindrical shape
of nanoparticles with varied sizes, which were
clustered together. The smaller size of nanoparticles
has improved efficiency as antimicrobial agent
and it covers the bacteria effectively causing
better accumulation 6. Future prospects lie in
synthesizing zinc oxide nanoparticles using living
microorganisms and plants have wide range of
applications in ceramics, electronics, rubber,
paints, animal feed, cosmetics and pharmaceuticals
industry. The zinc oxide nanoparticles are used
in agriculture to provide nutrition to crop plants
and it also provides resistance against pests ’.
Moreover zinc oxide nanoparticle finds huge
application in food industries as it is safe and has
been reported in numerous marketable products ®.
The most common nano-scale material present in
food is silicon dioxide and titanium dioxide along
with metallic silver. Silica/silicon dioxide acts as
anti clumping agent to keep mixtures free flowing
while titanium dioxide confer extra whiteness
to white food items while nano-silver is used as
disinfectant in clothing items. Fruits and vegetables
are washed with nano-silver suspensions to make
them more shiny while sunscreens are available

with SPF factors. The nano indicators are available
with the product itself to tell the quality of food
which deteriorate with time. Soluble material
contains these nanoparticles which can come in
contact with vital systems. Although, the synthesis
process is quite challenging as compared to the
wet synthesis via sol gel methods, precipitation
method and decomposition °. Considering the
vast potential of zinc oxide nanoparticles present
investigation was carried out to synthesize ZnO
and bimetallic Cu-Zn nanoparticles using stem of
Cissus quadrangularis which has been reported
in treatment of bloody diarrhea, skin disorders,
earache, hemorrhoid, irregular menstruation and as
a potent bone setter '°. Our present investigation is
an insight into the synthesis of monometallic zinc
and bimetallic Cu-Zn nanoparticles from Cissus
stem to be a potent reducing and capping agent
which is rare as leaves have been recommended
to contribute for nanoparticles synthesis and here
stem is used as reducing and capping agent.

MATERIALS AND METHODS

Plant and Culture Collection

The stem of Cissus quadrangularis used
in the present study for antimicrobial activity
were procured from Tau Devi Lal Herbal Park,
Khizrabad Highway, Yamunanagar, Haryana and
identified from Botany Department of Kurukshetra
University, Kurukshetra, Haryana, India. The
various human pathogenic microorganisms were
procured from Microbial Type Culture Collection
(MTCC): Institute of Microbial Technology
(IMTECH), Chandigarh; which included Gram-
negative bacteria: Escherichia coli MTCC-5704),
Pseudomonas aeruginosa (MTCC -2295) and two
gram positive bacteria: Bacillus subtilis (MTCC-
121) and Staphylococcus aureus (MTCC- 3160)
along with Staphylococcus mutans (MTCC-497).
The Muller Hilton broth was made for preservation
of the cultures. All the test tubes containing broths
were kept at 4°C in the refrigerator for further
studies.
Preparation of Plant stems extract

The stems of Cissus quadrangularis
were thoroughly washed with water then allowed
for oven drying at 50-65 °C till moisture fully
evaporated and grounded into fine powder. The
5 gm of this powder was soaked in 50 ml of de-
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ionized water and heated at 70 °C for 30 minutes.
The extract was filtered with Whatman filter paper
No.-1. The extract after filtration was stored at 4°
C till further use and was used within a week for
synthesis according to Shah and his coworkers
(2015) with minor modification '’
Preparation of monometallic Zinc nanoparticles
solution

Very simple and cost effective combustion
method was employed for synthesis of Zinc
oxide nanoparticles under laboratory conditions.
Approximately 100 ml of aqueous solution of
zinc nitrate (0.1 M) was prepared and mixed
with leaf extract in a ratio of 1:2 (Plant Extract
: Zinc nitrate solution). The 50 ml of zinc nitrate
solution(dissolved) was added drop wise into 12.5
ml of plant extract and further the solution was
incubated in water bath at 70° C for complete one
hour according Ramesh ef al., (2014) with minor
modifications. The prepared solution was analyzed
further for antimicrobial analysis '.
Confirmation of monometallic Zinc
nanoparticles

Synthesized ZnO nanoparticles were
confirmed by visual observation i.e. by the color
change of original solution to creamish colored
solution and taking absorption maxima at the
wavelength range of (300-600). The nanoparticles
were extracted by heating the solution at 70° C
using on stirrer heater until solution get converted
to zinc oxide nanoparticle in deep yellow colored
paste and then to powder. The nanoparticles were
further kept in hot Muffle Furnance for two hours
at 400° C for calcination '? (Fig. 1).
Preparation of bimetallic Cu-Zn nanoparticles
solution

Approximately 5 gram of copper sulphate
pentahydrate (20 mM) and 6 gram of zinc nitrate
(20 mM) were dissolved in 90 ml of de-ionized
water and incubated at ambient temperature in
water bath till solution became homogeneous. The
90 ml of this dissolved copper zinc solution was
added drop wise into 10 ml of plant extract and
the solution was incubated in water bath at 70° C
for complete one hour. The prepared solution was
analyzed further for antimicrobial analysis “*(Fig
2).
Confirmation of bimetallic Cu-Zn nanoparticles

Synthesized Cu-Zn nanoparticles were
confirmed by visual observation via color change

of original bluish colored solution to dark green
colored solution and taking absorption maxima at
the wavelength range of (300-600)" (Fig.3).
Antimicrobial activity of plant extracts by Agar
Well Diffusion Assay Method

The antimicrobial activities of plant
extracts were evaluated by agar well diffusion
assay '*. The microbial inoculums were inoculated
aseptically spread uniformly on surface of pre
solidified Mueller Hinton Agar (MHA) plates with
the help of sterile glass spreader or sterile cotton
swabs. A well of about 6.0 mm approximately
diameter was aseptically punctured using a sterile
cork borer. The cut agar disc was carefully removed
by the use of sterile forceps. Plant extract was used
as control. The Petri Plates were kept in laminar
for 30 minutes for pre-diffusion to occur then
Petri Plates were incubated overnight at 37° C for
24 hours. The antimicrobial spectrum of extract
was determined in terms of zone sizes (diameters
of inhibition zone) around each well. Zones were
measured by high media zone scale.

RESULTS AND DISCUSSION

The visual change in the color of the
colloidal solution from greenish to light cream color
confirmed the synthesis of zinc oxide nanoparticles
which is expected to be due to coherent oscillation
of electron gas at the surface of nanoparticles. The
synthesis was further confirmed using UV—spectral
analysis in range of (300-600) which resulted in an
optical absorption band peak at 393 nm. However
XRD analysis revealed the average particle size
calculated using XRD pattern by applying Scherrer
formula is about 31.94=32nm (Table-1). The X-ray
diffraction (XRD) pattern of synthesized ZnO
nanoparticles obtained is as shown in (Figure 4)
while bimetallic copper zinc nanoparticles were
confirmed by visual color change of solution from
green to bluish green colored solution.(Figure 5)
Antimicrobial analysis

Any zone of size more than 2 mm is
considered significant for antimicrobial activity.
Our investigation for antimicrobial activity after
zinc nanoparticle synthesis resulted in significant
zones of inhibition against standard pathogens. The
extracts were tested at four different concentrations
of 25, 50, 100, and 150 ul as shown in Table-2.
Although a lower concentration of 25 ul was tried
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Fig. 1. Peaks observed using UV spectrophotometer for zinc nanoparticles using Cissus stem
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Fig. 2. Peaks observed using UV spectrophotometer for Cu-Zn solution
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against all bacterial pathogens. As the stem of
Cissus has well known literature in bone fractures
so antimicrobial concept against Streptococcus
mutans a cariogenic pathogen was also tested.
The zinc nanoparticles synthesized using Cissus
stem resulted in a zone of diameter 13 mm at 50
ul followed by a zone of 18 mm at 100 ul and
finally a zone of diameter 21 mm at a higher
concentration of 150 ul against Streptococcus
mutans. In comparison to zinc bimetallic copper-
zinc nanoparticles resulted in zone of size 17 mm
followed by 20 mm and 23 mm at three different
concentrations of 50,100 and 150 ul respectively
(Table-2).As Staphylococcus aureus have been
observed to be major cause of many pathogenic
disorders the present extracts were tested to consider
the propensity of Cissus stem extracts. The extracts
at 50 ul resulted in a zone of size 14 mm followed
by 18 mm at 100 x1 which in turn was followed by

a zone of size 20mm at higher concentration of 150
ul concentration. The zone size goes on increasing
in correlation to increased volume of extract
considering zinc nanoparticles while bimetallic
copper zinc nanoparticles resulted in zones of sizes
17 mm, 22 mm, 24 mm at three concentrations of
50,100 and 150 ul. The zone size showed a linear
relationship with increasing concentration. The
research reported higher zones of inhibition against
Escherichia coli, and Staphylococcus aureus
using agar well diffusion assay. The investigation
further revealed that nanoparticles are more potent
against gram positive bacteria (Staphylococcus
aureus) than gram negative (Escherichia coli.).
Toxicity of zinc oxide nanoparticles was reported
on Staphylococcus aureus and Escherichia coli and
also on primary human immune cells '*. The 13
mm zinc oxide nanoparticles were potent enough
to inhibit Escherichia coli at a concentration of 1
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Fig. 3. Peaks observed using UV spectrophotometer after CU-ZN nanoparticle synthesis using Cissus stem as
plant extract
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mM by loss of cell viability while immune cells
were least affected at same concentration which
inhibited gram positive and negative strains.
Sarkar et al.,(2018) evaluated antimicrobial
assay at four different concentrations of 25,50, 75,
and 100 mg against Staphylococcus aureus and
Escherichia coli using methanol as solvent system.

Methanolic extracts were also found to be more
potent against these bacteria in comparison to other
solvents employed and were capable of inhibiting
both strains significantly '°. The zones of inhibition
were comparable to that of standard drugs. One
observation was with an increase in concentration
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Fig. 4. XRD analysis showing zinc nanoparticle peaks of Cissus Quadrangularis

Table 1. The size of ZnO nanoparticles synthesized
using Scherer formula deduced using XRD data

S.No. Pos.[°20] FWHM(°20) D(nm)
1. 10.7623 0.6496 12.83 nm
2. 12.8315 0.4913 17.00 nm
3. 13.4951 0.1494 55.95 nm
4. 13.4951 0.1866 44.79 nm
5. 19.0937 0.4031 20.88 nm
6. 20.3492 0.1596 52.84 nm
7. 21.6475 0.2860 29.55 nm
8. 23.9531 0.3773 22.49 nm
9, 24.9780 0.5290 16.07 nm
10. 28.6392 0.2044 41.91 nm
11. 29.7127 0.4178 20.55 nm
12. 31.7874 0.3426 25.19 nm
13. 34.4190 0.3053 28.46 nm
14. 36.2564 0.3427 25.49 nm
15. 37.8857 1.1061 7.93 nm

16. 40.2291 0.4655 18.99 nm
17. 43.7759 0.1834 48.78 nm
18. 46.6622 0.0340 265.89 nm
19. 47.5456 0.4021 22.56 nm
20. 51.5453 0.2418 38.12 nm
21. 53.1446 0.3486 26.63 nm
22. 56.5671 0.5239 17.99 nm
23. 62.8280 0.5352 18.18 nm
24. 66.3616 0.3061 32.40 nm
25. 67.9170 0.6028 16.60 nm
26. 69.0369 0.6045 16.67 nm
27. 76.9626 0.7173 14.79 nm

the inhibition capability also goes on increasing.
Considering B. subtilis a gram positive bacteria
the zone size were comparable to zones observed
against previous two bacterial pathogens S. mutans
and S. aureus giving zones of 11 mm, 18 mm and
19 mm (Figure 6) at three standard concentrations
of 50,100 and 150 ul but the bimetallic extract
synthesized using Cissus stem showed prominent
activity against this bacteria specifically resulting
in bigger zones of diameter 25 mm, 29 mm and 31
mm at same three concentrations of 50, 100 and 150
ul (Figure 7). The results can open new horizons
to study bimetallic nanoparticles in inhibiting
disease responsible due to Bacillus. Our results well

Fig. 5. Color Change during Nanoparticle synthesis
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corroborate with that of Tayal ez al.,(2011) ' who
evaluated the comparative analysis of antimicrobial
potential of zinc oxide nanoparticles against
bacterial strains (mostly food borne pathogens)
using qualitative and quantitative assays. Gram
positive bacteria were more sensitive to zinc oxide
nanoparticles than gram negative bacteria.

Most of the nanoparticles have been
reported to be negligible in inhibiting gram
negative Escherichia coli bacteria. But present
results were remarkable as zones of inhibition
of 18, 20 and 22 mm diameter were observed
using zinc nanoparticles at three concentrations
of 50,100 and 150 ul (Figure 6) while zones of
greater size of 23, 27 and 29 mm were observed
using bimetallic copper zinc nanoparticles
during present investigation at three different
concentrations of 50,100 and 150u1 (Table-2)
and(Figure-7).Antimicrobial assay of synthesized
ZnONPs using fruit pulp of Adegles marmelos

was tested against two fungal species, Fusarium
solani and Aspergillus niger and three bacterial
species representing both ‘Gram’ species namely
Staphylococcus aureus, Pseudomonas aeruginosa
and Escherichia coli. ZnO NPs exhibited very
worthy antibacterial activity against Gram-positive
bacteria Staphylococcus aureus with better
inhibition zone contributed by 100 pg equivalent
of ZnO suspension. In Gram-negative species, zone
of inhibition was found less prominent compared
to Gram positive. With Pseudomonas aeruginosa
the effect was still prominent compared with
Escherichia coli. It was noticed that E. coli showing
(16 mm) 53.3% inhibition (at 100 ug of NPs), P.
aeruginosa showing least inhibition of (5 mm)
16.6% (at 75 pg of NPs) and S. aureus is showing
maximum inhibition of about (30 mm) 93.3% (at
100 pg of NPs) which is nearly equal to standard
antibiotic used in research.

Merinal and Stella, (2012) reported three

Fig. 6. Zone of inhibition using zinc nanoparticles synthesized from
Cissus stem against selected pathogens E.coli, P.aeruginosa and B.subtilis

Fig. 7. Prominent zones of inhibition using bimetallic Cu-Zn nanoparticles using stem extracts against Bacillus
subtilis, Pseudomonas aeruginosa and Escherichia coli
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Table 2. Antimicrobial Activity of monometallic zinc
oxide and bimetallic Cu-Zn nanoparticles synthesized
using Cissus stem against selected pathogens

Pathogens Volume of  Cissus Cissus
extract (ul) (Zn-Np) (Cu-Zn)
S. mutans 25 - -
50 13 17
100 18 20
150 21 23
S. aureus 25 - -
50 14 17
100 18 22
150 20 24
B.subtilis 25 - -
50 11 25
100 18 29
150 19 31
E.coli. 25 - -
50 18 23
100 20 27
150 22 29
P, aeruginosa 25 - -
50 14 23
100 18 28
150 23 30

solvent extracts (diethyl ether, ethanol and aqueous)
using stem of Cissus quadrangularis against E.
coli, K. pneumoniae and S.aureus along with
anti-fungal activity against A. flavis, C. albicans
and Fusarium solani along with two standard
antibiotics tetracycline and flucanozole. The zone
of inhibition ranged from a minimum of (4 mm)
in diethyl ether extracts against Staphylococcus
aureus to a maximum of 10 mm using ethanolic
extracts against Escherichia coli while antifungal
activity ranged from 8 mm to 12 mm being lowest
against Fusarium solani using ethanolic extracts
while highest against A. flavis using diethyl ether
extracts'®. Kashikar and George (2003) reported
antibacterial activity of Cissus quadrangularis
against different gram negative and positive
strains. Stem extracts were extracted using different
solvent system such as petroleum ether, ethanol,
methanol, ethyl acetate, acetone and aqueous
extracts against B. subtilis , P. aeruginosa, S.
aureus, S. typhi and S. pyogenes'. The methanolic
and ethanolic extracts resulted in potent activity
against bacterial pathogens contradictory to that
petroleum ether, acetone ethyl acetate and aqueous

extracts failed to inhibit any bacteria. Escherichia
coli did not respond to any of the extracts. MIC
value of different solvent extracts against different
pathogens ranged from a minimum of 0.465 mg/
ml using acetone and methanol extracts against E.
coli and S.aureus respectively to a maximum of
6.25 mg/ml using ethyl acetate fractions against S.
typhi. Liu et al., (2009) reported the antimicrobial
activity of zinc oxide nanoparticles of size 70 nm
at different concentrations of 0, 3, 6, 12 m/mol
against E. coli. A higher concentration of 12 m/
mol inhibited E. coli completely and suggested the
possible mechanism of zinc nanoparticles to distort
and damage the bacterial cell membrane which in
turn results in leakage of intracellular contents and
eventually death of the cells %°.

In comparison to previous reports of
nanoparticles the zone size observed against P.
aeruginosa were also equivalent to that observed
against other pathogens. A zone size of 14, 18 and
23 mm were observed using zinc nanoparticles at
three concentrations of 50,100 and 150 ul (Fig.
6)while bimetallic copper-zinc nanoparticles
were subsequently efficient in inhibiting the
pathogens by producing zones of 23, 28 and 30
mm at three concentrations of 50,100 and 150 ul
respectively (Fig 7). Evaluation of antimicrobial
activity of Cissus quadrangularis against B.
subtilis, E. coli, P. aeruginosa and S. aureus gave
affirmative response; it can be assumed that the Zn
nanoparticles have a higher antimicrobial activity
even at the lower concentration in Haddjod. Shah e¢
al(2017) reported Similar quite results stating that
the ZnO nanoparticles produces a maximum zone
of inhibition against Pseudomonas aeruginosa
followed by Proteus mirabilis, Bacillus cereus,
Escherichia coli and Staphylococcus aureus ''. The
green synthesized ZnO nanoparticles are often used
as an alternative to existing antimicrobial agents.
Increased concentrations of zinc nanoparticles
distort and damage the bacterial cell membrane
which in turn results in leakage of intracellular
contents and eventually leading to mortality of
the cells. Still the mystery/mechanism behind the
possible procedure is under investigation *'. The
zinc nitrate ions can form intermediate complexes
with OH groups of glucuronic acids which in
turn are present in hydrolysable tannins, which
subsequently undergoes oxidation to quinine
forms with consequent reduction of zinc to ZnO
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nanoparticles, the ZnO nanocrystals are formed
through nucleation and growth processes. Tannins
were present in phytochemical analysis in both
plant species so water soluble glucuronic acids are
believed to play a major role in green reaction. The
presence of alkaloids, carbohydrates, glycosides,
Tannins, Phenolic compounds,, protein and amino
acids, Gums and mucilage flavones, Saponins
and flavonoids, steroids and sterols, ethyl acetate
fraction was reported to consist of phytosterols,
flavonoids and triterpenoids while hydroalcoholic
fractions showed carbohydrates, tannins, amino
acids and Vitamin C 2. The flavonoids and
triterpenoids were found to be active constituents
in plant stem which are key route for antimicrobial
activities. The chloroform and acetone extracts
resulted in zones from 12 mm to 14mm in
comparison to aqueous extracts which gave zones
of 11 to 13 mm.

Phytochemical analysis revealed the
presence of sterols in all the fractions while
methanolic and ethanolic extracts showed presence
of phenols and flavonoids. In comparison acetone
and aqueous extracts revealed alkaloids as
major components ’. The antimicrobial analysis
carried out using nanoparticles resulted in a
maximum zone of 36 mm against Enterobacter
aerogenes while moderate activity was reported
against S.aureus and E. coli. The possible
mechanism behind antimicrobial activity was
estimated as electrostatic interaction between
negatively charged cell membranes of micro
organisms and positively charged nanoparticles.
The zinc nanoparticles penetrate the membrane
and in turn induce cell signaling pathways
by dephosphorylation of peptide on tyrosine
residues. ZnO nano- particles in the bacterial
membrane causing a change in membrane integrity,
interference in DNA replication, production of
Reactive oxygen species etc., and exerts stress
on membrane leads to depolarization of bacterial
membrane and cellular content will ooze out #24, It
was reported that ZnO NPs effect is more marked
against Gram positive bacterial strains compared to
Gram negative bacterial strains ** Negative charged
ZnO NPs interacted with Gram positive bacteria
by electrostatic forces, hence causing inhibition .
Various methods had been adopted for synthesis of
ZnO NPs using green approach. Although Cissus
stem has been used by Kalpana et al (2017) for

zinc oxide nanoparticle synthesis and they reported
pure spherical shaped 23-64 nm sized nanoparticles
and further evaluated antibacterial, anti-helmintic,
antioxidant and anti arthritic activities. Their study
well corroborate with our present research in
observing maximum zone of inhibition against E.
coli a gram negative bacteria of 21 mm followed
by S. aureus (15 mm and below 10 mm zones for
Listeria, Salmonella and Klebsiella *’. So, Cissus
stem extracts were capable of synthesizing zinc
nanoparticles and break the persistent myth of
nanoparticles to be more selective and specific in
activity against gram positive strains in comparison
to gram negative E. coli and P. aeruginosa. Our
present research is one step ahead to synthesize
bimetallic cu-zinc nanoparticles which were
confirmed by visual change in color and further
revealed zones of greater than 20mm size as shown
in Fig. 6 and Fig. 7. So we propose that in future
nanoparticles will be used as alternative to existing
antimicrobial agents.

CONCLUSION

In conclusion, the present investigation
devised a very economical and eco-friendly method
to biosynthesize phytogenic monometallic ZnO and
bimetallic Cu-Zn Nanoparticles using aqueous stem
extracts of Cissus quadrangularis without use of
toxic and hazardous chemicals. The characterization
results revealed that biosynthesized ZnO NPs
have an average size of 32 nm and exhibit good
antimicrobial properties. Thus, biosynthesized
ZnONPs could prove as an effective photo catalyst
to be utilized for the degradation of harmful and
toxic pollutants persisting in aquatic environment.
One step Combustion synthesis of nanoparticles
by using plants provides cost effectiveness and
environmental protection. In this context, ZnO
NPs were synthesized using Cissus stem which acts
as both reducing and capping agents in synthesis
part. XRD pattern show fine nanoparticles of size
of minimum of 7.93 nm to 55.95 nm while larger
size of 265.89 nm showed agglomerate formation
of nanoparticles. ZnONPs showed excellent
results with both gram positive and gram negative
bacterial species, contradiction to previous reports
which selectively inhibit gram positive strains in
comparison to gram negative. Thus, the study
demonstrates easy, effective way of using natural
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products as an energy fuels for the preparation of
desired multifunctional ZnO nanoparticles with
very good properties. The bimetallic synthesis
of Cu-Zn nanoparticles in present investigation
opens the doors to researchers to synthesize
bimetallic nanoparticles in lieu of enhanced zones
of inhibition and future potential to use as an
alternative to antimicrobial agents.
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