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Abstract
Green synthesis of ZnO NPs with biological systems is becoming a growing field, especially in plant extracts nanotechnology. 
Biological reducing agents have been interpreted worldwide to lessen the impact of toxic chemicals applied in development of 
nanoparticles. In present research, work deals with green synthesis & characterization of ZnO NPs via Psidium guajava leaf 
extract, also to evaluate their antibacterial action against some selected bacteria. The preparation of ZnO NPs was attained 
via sol–gel assisted microwave irradiation process. The XRD pattern confirms the hexagonal phase of ZnO and crystalline 
size to be ~ 15.8 nm. FTIR analysis depicts the bio functional groups present in the surface of the ZnO nanoparticles, SEM 
predicts the size and morphology of the sample, and it shows rod-shaped surface. Then, the EDAX results showed the purity 
& elemental stoichiometry of the ZnO nanoparticles. Also, the UV was performed to investigate the optical nature of the 
prepared ZnO nanoparticles. Also, the antibacterial activity results revealed significantly inhibited both types of bacteria in 
higher concentrations. This study also suggests that green synthesized ZnO nanoparticles can an excellent antibacterial agent.

Keywords Green synthesis · Zinc oxide nanoparticles · Psidium guajava · SEM · Antibacterial activity

1 Introduction

In recent, bio-nanomaterials becomes of more interest due to 
their projecting biological nature and uses towards biomedi-
cal field. The nanoparticles of metal oxides (MONPs) have 
been introduced into the field of biomedicine, particularly 
for antibacterial, anticancer, gene conveyance, bio sensing, 
and cell imaging [1]. Zinc oxide (ZnO) nanoparticle is a ver-
satile material and is an ideal candidate for biological usages 
owing to their exceptional biocompatibility, environment 
friendly, and truncated toxicity [2]. In green preparation & 
bio fabrication of MONPs have stimulate enormous research 
for use of ZnO NPs in nanomedicine [3]. Owing to its high 
catalytic nature, strong ability of adsorption, and high 
chemical stability, the ZnO nanostructures are used more 
frequently in manufacturing of sunscreens/ceramics/rubber 
processing, waste-water handling. Moreover ZnO nanopar-
ticles (NPs) has revealed its application in biomedical fields 
such as anti-cancer, antimicrobial, and antioxidant activi-
ties due to its unique physicochemical, pharmacological 
properties [3, 4]. In addition the plant facilitated biological 
preparation of NPs is important due to its ease, eco-friendly, 
biocompatible, safe, and extensive antimicrobial activity [5]. 
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Besides the synthesis of NPs from biomimetic route show 
higher catalytic nature & bound the uses of high-cost-toxic 
substances. The strains & plant extract owns certain phy-
tochemicals which acts as a reducing/capping agent [6–9].

The biosynthesis approach has proven to be useful in 
preparation of metal oxide (MO) NPs. Green route via natu-
ral extract has newly been extended to numerous nanoscale 
efficient oxides. It can overwhelm the complications associ-
ate with physico-chemical routes. Besides, it no detrimental 
chemicals such as reducing & oxidizing agents are required 
in this process, as only plant extracts is needed. The NPs 
preparation via plant extracts act as a bio-reducers, a clean, 
non-toxic, biocompatible & environmental-friendly method 
for NPs production at big scale [9]. Green synthesis of nano-
particles is getting significant devotion for their probable 
usages in opto/nano-electronics, sensors, cosmetics, health 
care products, food processing, and production of antimi-
crobials [10]. The branch is mainly used bio molecules to 
reduce zinc precursors, and it provides non-toxic, pure ZnO 
nanoparticles were quickly processed [11].

Zinc oxide is a class that has access to inorganic metal 
oxides and exhibits a broad range of nanoparticles. The 
advantages of ZnO nanoparticles are low cost, ultraviolet 
properties, high catalytic activity, and significant applica-
tions in the field of medicine and agriculture [12]. It has 
high excitation energy of 60 meV [13], which permits it to 
endure high temperatures, large electric fields below high 
power operation. Due to such characteristics, ZnO nanopar-
ticles are broadly usable in solar cells, chemical/gas sensors 
[14–16], and photocatalysis [17–19]. The ZnO powder is 
commonly used as an additive in a variety of commonly 
useable products [20] & may also be used in cosmetics like 
sunscreen, ointments, and lotions. Due to their different 
morphologies, shapes, size, and their bio-safe nature, ZnO 
nanoparticles can be represented as an ideal candidate for 
biomedical applications [21].

Psidium guajava, popularly known as guava, is a 
small tree of the myrtle family shown in Fig. 1 [22]. It is 
employed in medicinal ingredients traditionally to advance 
the exterior wound healing process. Also, guava is proven 
to be a medicinal plant to have abundant biological func-
tions, like: anti-cough, anti-diabetic, anti-bacterial, anti-
spasmodic, and anti-oxidant properties [23]. The leaves 
have several compounds that perform as fungistatic & 
bacteriostatic agents, and it also possess significant quan-
tity of antioxidants & owns radio protective capability 
[24]. The guava leaves extracts are supplemented with 
photochemical biological composite such as vitamins, 
flavonoids, and phenolic compounds, catechia, gallic acid 
[25], which act as reducing & stabilizing agents during 
the preparation of nanoparticles [26]. Guava leaves mini-
mize breast, prostate, & oral cancers risk, because of high 
amounts of antioxidant, Lycopene [27, 28]. Numerous 

studies shown that lycopene acts a substantial role in 
reducing cancer risk. It contains huge number of organ-
ics& inorganics such as tributary metabolites, e.g., poly-
phenols, antioxidants, antivirals &anti-inflammatory com-
posites. The several parts of plant are employed in general 
medicine to control malaria, vomiting, diarrhea, dysentery, 
ulcers, etc. [29, 30]. Biological/living resources/landscape, 
like: plants & microorganisms, can be employed in a fac-
ile, safe, quick & cost-effective to fabricate the required 
MO NPs. The green method related to medicinal plants 
is fetching a good line to the synthesis of nanoparticles. 
The plant extract is used in the green path as capping and 
reducing agents. They can also act as a biological template 
to restrict the size, shape & morphology of the NPs [31].

The biosynthesis of ZnO nanoparticle is predominated 
by physical and chemical processes. The physical method 
contains thermal evaporation (PVD), pulsed laser deposi-
tion (PLD), ball milling, CVD, sputtering technique and 
molecular beam epitaxy. Generally, such processes need 
high pressure, consume significant energy, and has low 
yield [32]. Chemical methods such as sol–gel, solvother-
mal, spray pyrolysis, hydrothermal, sonochemical, and 
electro deposition processes are inexpensive and use of 
toxic chemicals, making both ways are environmentally 
unfriendly. The biosynthesis of nanoparticles is a hopeful 
method based on the use of plant extracts. This biological 
approach has proven to be useful in the synthesis of metal 
& MONPs [33]. Recently, green synthesis of ZnO nano-
particles has been carried out by different plant sources 
such as Cassia fistula, Trifolium pratenese, Ocimum basili-
cum, Catharanthus Roseus, Solanum torvum [34], Aloe 
vera, Calotropis gigantea, Borassus flabellifer, Sargassum 
muticum, Tectona grandis, Passiflora caerulea and Gly-
cosmis pentaphylla [35].

Herein, an effort is being made to prepare ZnO NPs using 
Psidium guajava leaf extract & its antibacterial action was 
inspected.

Fig. 1  Psidium guajava leaf
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2  Materials and Methods

2.1  Materials

Zinc acetate dehydrate of 99% purity, NaOH, Whatman fil-
ter paper (WHA10348903), Acetone and distilled water are 
the ingredients utilized in this work. The psidium guajava 
(Guava) leaves were composed from in & around sivagiri, 
Erode, Tamil Nadu. The chemicals are in analytic grade so 
we used without any refinement.

2.2  Preparation of Leaf Extract

Psidium guajava leaf was collected from the surrounding 
area. The leaves were washed numerous times using distilled 
water (DW) to avoid dust particle then shade dried to take 
away the remaining moisture. Taken 30 g of leaves were 
mixed with 150 ml of deionized water and boiled at 60 °C 
for 20 min. After being cooled to 300 K, the yellow colour 
extract was filtered with filter paper and stockpiled at 4 °C 
freezer.

2.3  Synthesis of Psidium Guajava Leaf Extract 
Capped ZnO Nanoparticles

In this method, 5 g of Zinc acetate  (ZnC4H6O4) was lique-
fied with 50 ml of DW and it was stirred about 30 min. After 
that, 10 ml of yellow colour leaf extract was supplied drop 
wise in above solution. The pale-yellow colour solution was 
attained. The mixture was stirred for 30 min. During this 
process, the sodium hydroxide [NaOH] was drop wise added 
to maintain the PH as 12. The gelatinous white colour pre-
cipitate was continuously stirred for 2 h. It was aged 12 h at 
room temperature. The white colour precipitation washing 
was done many times through DW to eradicate impurities. 
To attain the minimum time consumption microwave oven 
were used to dry the precipitate at 75 W for 20 min. Finally, 
the dried sample was grinded by using mortar to get white 
colour fine powder of psidium guajava leaf extract capped 
ZnO nanoparticle and the quantity was around 2 g [35].

2.4  Mechanism of ZnO Nanoparticles Formation

ZnO NPs synthesis process has essential oil in leaves and 
it contains α & β-pinene, limonene, isopropyl, menthol, & 
β-bisabolene. Oleanolic acid has also been established in 
leaves of guava [36]. The leaves possess 42% limonene & 
21.3% caryophyllene [37]. The guava leaves contain numer-
ous volatile compounds in leaf extract [38, 39], which 
form complex agents with  ZnC4H6O4 precursors that pri-
marily start the nucleation progression, followed by addi-
tional reduction and shaping of the nanoparticles [40, 41]. 

When  ZnC4H6O4 is dissolved in water, transparent solution 
achieved owing to [Zn(CH3COO)2].  2H2O ions presence. 
On adding the sodium hydroxide, we attained white colour 
ZnO nanoparticles precipitate. The capping representative 
functions as a stabilizer by sticking to NPs surface to form 
a defensive layer & restricting the size of the particle [42].

3  Characterization Techniques of ZnO 
Nanoparticles

Synthesized ZnO NPs capped with Psidium guajava leaf 
extract were inspected by XRD, FTIR, SEM, EDAX, UV, 
and Antibacterial activity. X-ray diffraction (X’PERT PRO 
PANalytical, PHILIPS) analysis is used to estimate the size 
of nanoparticles & phase identification through CuKα radia-
tion, λ = 1.54056 Å in angular range from 10 to 80° [43]. 
FTIR Spectroscopy is an analytic method to recognize the 
polymeric, organic, and inorganic materials [44]. The pos-
sible functional groups are examined using Fourier Trans-
form Infrared Spectroscopy (Shimadzu, Japan) infrared (IR) 
double beam spectrophotometer [45]. The SEM (JEOL JSM 
6360LA, Japan) was performed to visualize the size & shape 
of nanoparticles [34]. Elemental analysis and composition 
of sample was established by EDX (BRUKER, India), these 
X-rays are used to identify the composition and evaluate the 
abundance of elements in the sample [46]. Prior to SEM/
EDX measurement we have sputter coated the samples 
through sputtering unit using Au target to avoid the charg-
ing the samples. Ultraviolet–visible (UV-1700 Spectrometer 
of Shimadzu) spectroscopy is used primarily to assess trans-
mission spectra or absorption spectra in liquids and transpar-
ent or opaque solids [47].

3.1  Antibacterial Activity

According to the National Committee for Clinical Labora-
tory Standards (NCCLS), antibacterial action was detected 
by agar procedure [48]. Sterilization of Liquid Mueller Hin-
ton agar media & Petri plates was done by autoclaving at 
 121o C for approximately 30 m below pressure of 15 lbs. 
About 20 ml of agar media was distributed to individual 
Petri dish at a even depth of 4 mm below aseptic surround-
ings in the cavity that has airflow as laminar. On solidify-
ing the media, an 18 h culture of Gram + ve like Bacillus 
cereus (MTCC 430), & Staphylococcus aureus (MTCC 
3160), Gram −ve like E.coli (MTCC 1698) & Klebsiella 
pneumoniae (MTCC10309) attained from IMTECH, Chan-
digarh was swabbed on agar plates surface. The preparation 
of well was done via cork borer with 50 & 100 µl of indi-
vidual sample loading into separate wells using sterile DW 
as –ve & vancomycin (30mcg/disc) as + ve control. These 
sample containing plates were then incubated for 24 h at 
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37 °C. After incubation, the growth inhibition zones diam-
eter was noted in mm [49].

4  Results and Discussion

4.1  XRD Analysis

XRD pattern of green synthesized ZnO NPs is recorded 
and the most prominent peaks of the sample were indexed 
and shown in Fig. 2. The diffraction peaks of the prepared 
sample at 2θ values are 31.82, 34.45, 36.30, 47.51, 56.61, 
62.84 and 67.93 likened to hkl planes such as (100), (002), 
(101), (102), (110), (103) and (112) [50, 51]. The presence 
of planes helps to ensure that the ZnO nanoparticles have 
a hexagonal system and well-matched to JCPDS 36–1451. 
The sharp/intense peaks suggest incredibly crystallinity of 
sample. The crystalline size of ZnO nanoparticles is 15.8 nm 
was shown in Table 1. The capping of leaf extract enhances 
the property by decreasing the crystalline size in the sample. 
As a result of XRD corroborate with the XRD pattern of 
ZnO nanoparticles synthesized from various plant extracts 
[11]. The average crystalline size (D), lattice constraints (a, 
c) & cell volume (V) were obtained through below rules 
(1–3) [52–55],

4.2  FTIR Analysis

FTIR analyses of synthesized ZnO capped with guava 
(Psidium guajava) leaf extract and biomolecules account-
able for the lessening and efficient balance of the bio-
reduced ZnO NPs have been carried out [56]. The prepared 
sample FTIR spectra are demonstrated in Fig. 3. From 
the result the peak is observed at the range of 648.08 to 
3444.87  cm‐1. The vibrations of a variety of groups are pre-
sent at different wave numbers of IR radiation. The stretch-
ing modes of Zn–O bond were approved from peak values 
of 648.08–1020.34  cm−1. The band at 1413.82  cm‐1 reveals 
C–C stretching is linked with polyphenols & natural pig-
ment of plant leaf extracts. C-H stretching was authorized 
from 1560.41  cm‐1 peak. The 1641.42  cm−1 band is allot-
ted to carbonyl and carboxylic (C = O) stretching. Then the 
broad peak absorbed at 3444.87  cm−1 is for O–H stretching 
mode due to water absorption on the surface of the metal. 
Introducing capping agent has created a minor change in the 
functional group analysis of the samples. The results were 
reported in Fig. 3 and Table 2. These outcomes are well 
agreed to ZnO NPs FTIR spectrum previously published in 
various plant extract [57, 58].

Therefore, from the result of FTIR analysis, it has been 
concluded that the biomolecules of leaf extract such as 
phenolic group, primary amines, proteins and steroids are 
accountable for the biotransformation of Zinc acetate ions 
into Zinc oxide nanoparticles and its stabilization in aqueous 
medium [59].

(1)Crystalline size ∶ (D) =
K�

� cos �

(2)Lattice parameter ∶
1

d2
=

4
(

h2 + hk + k2
)

3a2
+

l2

c2

(3)Unit cell volume ∶ (V) =

√

3

2
× a

2 × c

Fig. 2  XRD diffractogram of ZnO NPs

Table 1  Structural parameters of ZnO nanoparticles

Sample name 2θ FWHM (deg.) Average crystalline size (D) (nm) hkl Lattice constant Unit cell Volume (V)

a = b c

GZnO 31.00
34.45
36.30
47.51
56.61
62.84
67.93

0.39
0.49
0.58
0.73
0.61
0.62
0.63

15.8 100
002
101
102
110
103
112

3.24 5.21 47.28
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4.3  SEM and EDAX Analysis

SEM study was done to know the size & shape of ZnO nano-
particles. Figure 4a and b, shows the morphological descrip-
tions at different magnifications and scales and elemental 
composition of prepared samples, respectively. Which shows 
rod shaped morphology for the prepared sample. The mean 
size of grains was found noticed approximately, between 
70 to 84 nm. The results of SEM in the current study is in 
line with the SEM image of previously reported for ZnO 
nanoparticles [58, 60]. Elemental composition and chemical 
analysis of prepared samples were examined using EDAX. 
The analysis observed Zn (Zinc), O (Oxygen), C (Carbon) 
are present in the sample. From this study, the presence of 
carbon reveals the incorporation of capping agent in the 
sample. Observations in this regard have been already pre-
dicted by Janjal et al. [56, 60]

Fig. 3  FTIR Spectrogram of ZnO NPs

Table 2  Functional groups interaction studies of ZnO NPs

S. No Sample name Wave number  (cm−1)

O–H Stretching vibra-
tion

C = O Stretching 
vibration

C-H Stretching vibra-
tion

N = O Stretching 
vibration

Zn–O Stretching 
vibration

1 GZnO 3444.87 1641.42 1560.41 1413.82 1020.34–648.08

Fig. 4  a SEM images at 4 different scales and resolutions and b EDAX spectra of ZnO NPs
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4.4  UV–vis Spectroscopy

UV–Vis. spectroscopy determines the optical nature & 
energy gap (Eg) of ZnO nanoparticles. The UV spectrum of 
ZnO NPs in absorption mode is showed in Fig. 5(a), which 
contains a band of absorption at ~ 345 nm. Additionally, the 
Eg acquired through Tauc’s plot estimated from the follow-
ing relation (4) [61, 62]:

here exponent n represent the band transitions nature, 
n =

1

2
and

3

2
 , which are related to direct allowed & forbidden 

transition and n = 2and3 indirect allowed & forbidden tran-
sition, correspondingly. The Eg is noticed from extrapolating 
a straight-line to (�hv)2 vs. hv plot to (�hv)2 = 0  in Fig. 5b. 
Hence, the Eg of ZnO NPs is ~ 3.14 eV. The existence of UV 
shielding solid in extracts of guava leaves can be attributed 
to UV absorbing polyphenols and flavonoids. These results 
suggest that the extract of guava leaves was highly effective 
in blocking ultraviolet light and introduces a protecting char-
acter to skin of humans from detrimental UV radiation & 
also employed in medical usages [23]. Detailed results have 
been agreed upon by Ansilin et al. [8], who documented that 
the absorption spectrum of ZnO nanoparticles at 346 nm.

4.5  Antibacterial Activity

The antimicrobial activity of the nanoparticles was tested 
against for two microorganisms as discussed in Sect. 3.1. 
The present study points out that the ZnO nanoparticles 
gives good antibacterial actions against gram + ve & −ve 
bacteria both. The action for B. subtilis & S. aureus was 
more efficient. It was shown in Fig. 6a–b, then the gram-pos-
itive bacteria is a high resistant than gram negative bacteria 

(4)�hv = A(hv − Eg)n

Fig. 6c–d. Therefore, this result showed that the synthesized 
sample obviously have antibacterial activities. The zone of 
inhibition (ZOI) values are tabulated in Table 3. Vancomy-
cin is applied as a standard for gram + ve & −ve bacteria. 
Gram + ve bacteria show significant ZOI than negative bac-
teria due to more reactive oxygen species in gram negative 
bacteria. Thus, the capped ZnO can inhibit both the bacteria. 
Thus, ZnO capped with the Psidium guajava can be used 
as a best antibacterial agent. The similar results have been 
reported in various plant extracts [58].

A ZnO nanoparticle has other applications on hydrogen 
gas sensing particularly, compare to commercial nanopow-
ders and film systems. Wide-spread nano-scaled MO solids 
like nanowires, nanorods, nanotubes, & nanobelts being 
explored ideally as gas sensor. The NPs of well prominent 
gas sensitive solids like  SnO2, ZnO,  In2O3, and  WO3 are 
highly sensitivity and capable of rapid response to the large 
surface area and fast time recovery, & improved efficiency to 
identify gases at low contents [63–66]. The graphene oxide 
nanosheet provided by the  TiO2 and ZnO nanoparticles in 
ethanol suspension is one of most applications in photo-
catalytic reduction [67]. Nanostructure has been explored 
informs of storage of electrochemical energy owed to their 
large specific surface area, electrical conductivity, excep-
tional mechano-chemical steadiness. Furthermore, gra-
phene’s high surface area & conductivity allow even pack-
ing & binding sites for MO NPs, & fascinatingly improve 
the conductivity once composite materials are employed in 
electrodes for storing the energy [17]. Then the Zinc oxide 
nanoparticles are used in opto-electrical, & piezoelectricity, 
devices owed to its non-toxicity, full accessibility, cost-effec-
tive& steadiness nature [68, 69]. A ZnO usage has been dis-
covered in different as that include catalysis, sensors, solar 
devices, paints/varnishes/plastics, pharma, etc. It has been 
commonly used in cosmetics/sunscreen items as defensive 

Fig. 5  a UV–Vis spectrum and b Tauc’s plot of ZnO NPs
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representative due to its capability to stop UV radiations. 
The ZnO nanoparticles are also well-recognized for their 
antibacterial & antifungal activities [70].

5  Conclusion

The ZnO nanoparticles capped with Psidium guajava leaf 
extract was synthesized by sol gel assisted microwave irra-
diation method. The prepared NPs are studied by XRD, 
FTIR, SEM, EDAX, UV, and antibacterial activity. The 
XRD reveals the crystalline size of 15.8 nm. The pres-
ence of functional groups of the prepared sample was 
established from FTIR analysis. SEM analysis shows the 
rod-shaped morphological structure. From the EDAX 
analysis, the presence of carbon reveals the incorporation 

of capping agent in the sample. UV analysis confirms the 
band gap of 3.14 eV. Antibacterial activity shows signifi-
cant Zone of inhibition ranging from 22 to 14 nm. Thus, 
this research work reveals that capped Zinc oxide nanopar-
ticles can act as an excellent antibacterial agent.
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