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The present research focused on the green, non-toxic, low-cost synthesis of zinc oxide nanoparticles (ZnO NPs) using 
aqueous extract of Hibiscus tiliaceus leaves as a reducing and stabilizing agent. Thus, synthesized ZnO NPs were 
characterized by nanotechnological applications, i.e., ultraviolet-visible spectroscopy (UV-vis), dynamic light scattering 
(DLS), zeta potential, X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR), and high-resolution 
transmission electron microscopy (HR-TEM). The nanotechnological applications showed that as-synthesized ZnO NPs 
have bandgap energy of 2.97 eV, zeta potential of 1.2 mV, crystalline in nature (JCPDS data card no-89-1397), and an 
average size of 30 to 60 nm. The FTIR showed that ZnO NPs have coated with plant secondary metabolites and assisted in 
the process of green synthesis. The ZnO NPs exhibited broad-spectrum antibacterial activity on Gram-positive and Gram-
negative bacteria. The ZnO NPs showed potential anticancer activity against human breast cancer cells MCF-7 and 
determined the IC50 value as 65.83 ± 2.57 µg/mL by MTT assay. Furthermore, ZnO NPs were used as nano-catalyst for dye 
degradation of methylene blue, methyl orange, and malachite green with NABH4 as a reducing agent. The ZnO NPs 
exhibited potent dye degradation capability and followed pseudo-first order kinetics. The study concluded that ZnO NPs 
could be highly useful as anticancer and antibacterial agents in the biomedical field, and as an environmental cleaning agent 
for dye degradation in textile industries. 
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The advent of multidrug-resistant organisms is a 
substantial worldwide health problem that necessitates 
the research and development of new therapeutic 
interventions. Due to the rapid emergence of new 
resistance mechanisms and a decrease in the efficacy 
of treating common infectious diseases, microbial 
responses to routine therapy fail, resulting in extended 
sickness, increased healthcare costs, and a high risk of 
mortality. Almost all potential infectious pathogens 
(e.g., bacteria, fungi, virus, and parasite) have used 
high degrees of multidrug resistance (MDR), which 
has resulted in increased morbidity and mortality; 
consequently, they are known as "superbugs". 

Although MDR is a natural phenomenon, improper 
antimicrobial drug use, insufficient hygienic 
conditions, improper food handling, and poor 
infection prevention and control procedures all 
contribute to the establishment of MDR and increase 
its spread1. In the same way, cancer appears in a 
variety of forms, all of which are characterized by 
unregulated cell proliferation. There are a variety of 
methods available to manage this main cause of death. 
Surgery, radiation therapy, and chemotherapy have 
demonstrated remarkable efficacy in the treatment of 
cancer, but they are not without limitations2. 

Also, organic effluents are harmful in nature and 
constitute a significant threat to life forms that come 
into contact with them. The majority of the leather, 
textiles, and pharmaceutical industries discharge this 
waste into bodies of water, making the water more 
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harmful. Non-biodegradable dyes are commonly used 
in industries, and they are released as effluents, 
causing harm to live things. To promote living forms 
healthier, these dyes must be degraded in a more 
simple and environmentally acceptable manner3. 

In these circumstances, nanoparticles antibacterial 
and dye degrading properties make nanoparticles 
effective weapons in the fight against drug-resistant 
human diseases and dye effluents. Nanoparticles have 
unique properties such as large surface-to-volume ratio, 
high dispersion, high penetration, high conductivity, 
and unique adsorption characteristics. Consequently, 
these characteristics of nanoparticles enable them to be 
extensively applied in various fields3. 

For the manufacture of nanoparticles, physical and 
chemical procedures such as solvothermal, hydrothermal, 
sol-gel4, micro-emulsion, vapor phase transport process5, 
and precipitation6 are frequently recommended. These 
traditional methods take much less time to synthesize 
large amounts of nanoparticles and use harmful 
compounds as capping agents for stability, resulting in 
environmental hazards. Green route synthesis of 
nanoparticles using plants or plant materials is gaining 
popularity as an environmentally friendly, biocompatible, 
large-scale production, and cost-effective option in 
contrast7,8. Biomolecules operate like a reducing as well 
as a natural capping agent. The interaction of bioactive 
molecules, enzymes, proteins, and/or other reducing 
agents with electron-shutting chemicals involved in metal 
nanoparticle synthesis. Zinc oxide is used in transparent 
electronics, ultraviolet (UV) light emitters, piezoelectric 
devices, chemical sensors, spin electronics, personal care 
products, coatings and paints, and catalytic activities 
because of its semiconducting, piezoelectric, and 
pyroelectric qualities9-11. Because of its lower cost, UV 
blocking capabilities, catalytic activity, large surface to 
area ratio, the broad bandgap of 3.3 eV at ambient 
temperature, and high exciton binding energy of 60 meV, 
ZnO NPs have an advantage over other metal 
nanoparticles12,13. Plants such as Syzygium aromaticum14, 
Phoenix loureiroi15, and Melia azedarach16 have been 
found to produce ZnO NPs. 

The current study focused to synthesize zinc oxide 
nanoparticles (ZnO NPs) from Hibiscus tiliaceus 
leaves aqueous extract and investigating their 
benefits. As per our knowledge, this is the first study 
to report the green synthesis of ZnO NPs from H. 
tiliaceus leaves extract. The beneficial applications of 
ZnO NPs include antibacterial, anticancer, and 
degradation of methylene blue (MB), methyl orange 
(MO), and malachite green (MG) dyes. 

Materials and Methods 

Chemicals and reagents 
Zinc acetate dehydrate (99.99%), Folin-Ciocalteu 

reagent, sodium carbonate, gallic acid, sodium nitrite, 
aluminium chloride, sodium hydroxide, methylene 
blue, malachite green, and methyl orange were 
purchased from Sigma Aldrich, Bengaluru, India. All 
glassware was purchased from Borosil, Mumbai, 
India, and was thoroughly cleaned and rinsed with 
sterile distilled water before being used in the 
experiments. The plasticware used in the study was 
from Tarsons products, Kolkata, India. The other 
chemicals used in the experiments belonged to 
analytical grade and were obtained from Merck, 
Bengaluru, India. 

Preparation of plant extract 
The leaves of Hibiscus tiliaceus were collected 

from the campus of Acharya Nagarjuna University, 
India. The voucher was identified and safeguarded in 
the department of biotechnology, Acharya Nagarjuna 
University, India. The aqueous leaf extract of 
H. tiliaceus was obtained by boiling 6 g of leaf
powder in 100 mL of deionized water for 15 min at
80°C. The extract was then filtered using Whatman
no.1 filter paper and stored in the refrigerator at 4°C
for further research.

Quantification of total phenolic and flavonoid content of plant 
extract 

Quantification of total phenolic content 
According to Javanmardi et al. the total phenolic 

content of plant extract was determined using the 
Folin-Ciocalteu reagent17. Briefly, 2.5 mL of diluted 
Folin-Ciocalteu reagent and 2 mL of 7.5% (w/v) 
sodium carbonate were added to 50 µL of plant 
extract (1 mg/mL) and incubated at 45°C for 15 min. 
At 765 nm, the absorbance was measured. The results 
were calculated using a gallic acid calibration curve 
and expressed as mg of gallic acid equivalents (GAE) 
per g of leaf extract. 

Quantification of total flavonoid content 
The total flavonoid content of plant extract was 

measured using a modified Yu et al. colorimetric 
technique18. Briefly, 1 mL of extract (1 mg/mL), 1 mL 
of distilled water, and 75 µL of sodium nitrite were 
added to 1 mL of extract (1 mg/mL). Next, 75 µL of 
10% AlCl3 solution was added after 5 min. After 
allowing the mixture to settle for another 5 min, 0.5 mL 
of 1 M sodium hydroxide was introduced. The 
reaction mixture was stirred and set aside for 15 min. 
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At 510 nm, the rise in absorbance was measured. 
Standard quercetin equivalent (QE) per g of plant 
extract was used to calculate the total flavonoid 
content. 

Biosynthesis of ZnO NPs 
The biosynthesis of zinc oxide nanoparticles (ZnO 

NPs) was undertaken following Singh et al19. Briefly, 
under continual stirring conditions, 2 M of zinc 
acetate dehydrate [Zn (CH3COO)2]2H2O was 
prepared in 100 mL deionized water. Under magnetic 
stirring, 5 mL of plant extract was added to a zinc 
acetate dehydrate solution, and 2 M of NaOH was 
added to raise the pH to 12, which is optimal for the 
synthesis of ZnO NPs. A white precipitate formed 
after the mixture was agitated constantly for 2 h. To 
eliminate the contaminants, the precipitate was 
filtered and washed multiple times with distilled water 
and then ethanol. After overnight dehydration, the 
product was a white powder. A color shift was used to 
visually identify nanoparticle synthesis, and UV-DRS 
spectrum analysis was used to confirm it. 

Characterization of ZnO NPs 
The synthesis of ZnO NPs was observed using a 

double beam UV-DRS spectrophotometer with a 
wavelength range of 300 to 600 nm to measure the 
reaction sample (UV-vis DRS 3600- SHIMADZU). 
To verify the involvement of biomolecules in the 
reduction process and generation of ZnO NPs, an FTIR 
spectrum was acquired from a Bruker Alpha II 
instrument with a wavenumber range of 500 – 4,000 
cm 1. The DLS particle size analyzer (Horiba SZ 100) 
was used to determine the size of the ZnO NPs in 
colloidal form, as well as zeta potential to investigate the 
ZnO NPs stability. The crystalline structure of the ZnO 
NPs was investigated using XRD at 2θ range from 10 
to 90° (Bruker D8). High-resolution transmission 
electron microscopy was used to investigate the size 
and morphology of ZnO NPs (JSM 2100FJ EOL HR-
TEM). The same device was used to do elemental 
analysis.  

Antimicrobial activity of ZnO NPs 
The antimicrobial property of ZnO NPs was 

evaluated against two Gram-positive - Bacillus 
subtilis (MTCC - 441), Staphylococcus aureus 
(MTCC - 1430), and four Gram-negative: Escherichia 
coli (MTCC - 443), Klebsiella pneumoniae (MTCC - 
7162), Pseudomonas aeruginosa (MTCC - 4996), 
and Proteus vulgaris (MTCC - 744), which were 
obtained from MTCC, Chandigarh, India. A well-

diffusion agar plate technique was used to study this 
property. The bacterial strains were sub-cultures in 
Lysogeny broth (LB) broth at 37C overnight. The 
colony-forming unit (CFU) was around 2.5 × 10 5 
which was adjusted with 0.5 McFarland constant and 
an OD measured at 600 nm using UV-Vis 
spectrophotometer8. The sub-cultured strains were 
swabbed onto the Lysogeny agar (LA) plate, for 
which a cork borer was used to make the wells. A 100 
μL of synthesized ZnO NPs were added to wells with 
different concentrations. Later, the plates were 
incubated at 37C for overnight observation. The 
diameter of the inhibition zone was measured with a 
zone scale in mm. 

Anticancer activity of ZnO NPs 

Cell culture and maintenance 
MCF-7 cells (human breast cancer) cells were 

obtained from National Center for Cell Sciences 
(NCCS), Pune, India. The cells were grown in 
Dulbecco’s modified eagle’s medium (DMEM) with 
10% of fetal bovine serum (FBS), 1% of L-glutamine, 
and 1% of streptomycin-penicillin in a humidified 
chamber at 5% CO2 and 37°C. The cells were grown 
to attain 80-90% confluence by providing the fresh 
media alternative days20. 

Treatment of ZnO NPs 
Anticancer activity of ZnO NPs was carried out by 

MTT assay and methodology was adopted from 
Swaminathan et al., with minor modifications21. 
Briefly, 1 × 104 cells were seeded in a 96-well cell 
culture plate and allowed for overnight to adhere. 
Following, different concentrations of ZnO NPs were 
treated to cells in DMEM without FBS and incubated 
in a humidified chamber at 5% CO2 and 37°C. Next, 
20 μL of MTT (5 mg/mL) was pipetted in and 3 h of 
incubation was allowed at 25 ± 2°C for 3 h. 
Following, 100 μL of DMSO was replaced with MTT 
solution to liquefy the formazan crystals. An 
absorbance λmax at 570 nm was observed in the 
microplate reader (Synergy H1, BioTek, USA). The 
results of the study were expressed with respect to 
control (100%). 

Dye degradation activity of ZnO NPs 
Methylene blue (MB), methyl orange (MO), and 

malachite green (MG) were tested for dye degradation. 
The dye concentrations were constant throughout the 
experiment, i.e., 1 mM of dye concentration, and NaBH4 
was prepared at a concentration of 10 mM, which 
remained constant throughout the experiment. For 
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homogeneous mixing, 1 mL of 10 mM sodium 
borohydride solution was added to 10 mL of 1 mM each 
dye solution separately and agitated for 5 min. 
Following, 1 mL of synthesized ZnO NPs (1 mg/mL) 
was added to each dye solution and mixed individually, 
and UV-vis spectra absorbance values were obtained at 
regular intervals. 

Statistical analysis 
The experiments were performed independently in 

six replicates (n = 6) and obtained results were stated 
as mean ± standard deviation. The obtained data were 
analyzed by one-way ANOVA following Student's 
t-test. The statistical significance was determined at a
P-value  0.05.

Results and Discussion
Phytochemical profile of H. tiliaceus 

Several phytochemicals found in plants, such as 
polyphenols, flavonoids, terpenoids, and high-low 
molecular weight proteins, help to produce 
nanoparticles by reducing their precursor salts and 
stabilizing the nanoparticles in a complicated redox-
mediated process. Therefore, in the present study, 
quantification of the total phenolics and flavonoids in 
H. tiliaceus leaves extract has been considered to
measure their potential to reduce and stabilize the ZnO
NPs. The total phenolics and flavonoids of H. tiliaceus
leave extract were determined by Folin-Ciocalteu and
aluminum chloride colorimetric method, respectively
(Fig. 1). The study showed that H. tiliaceus leaves

extract contains a decent amount of total phenolics and 
flavonoids. The total quantity of phenolics and 
flavonoids were determined as 16.18 ± 0.98 mg GAE/g 
and 12.29 ± 0.44 mg QE/g, respectively. The quantity 
of total phenolics and flavonoids in H. tiliaceus leaves 
extract was found in a dose-dependent manner with the 
quantity of leaves extract. In support of our study, 
earlier reports of Wong et al. reported total phenolic in 
leaf as 2080 ± 419 mg GAE/100 g and flower as 2420 
± 167 mg GAE /100 g22. Best of our knowledge, 
previous reports have not existed on the flavonoid 
content of H. tiliaceus. Our study, concludes that H. 
tiliaceus leaves extract was found to be high in 
phenolics and flavonoids, which could aid in the 
reduction and stabilization of ZnO NPs. 

Characterization of ZnO NPs 

UV-DRS analysis 
Figure 2A shows the optical absorption spectra of 

ZnO NPs synthesized from H. tiliaceus leaf extracts. A 
prominent and high absorption peak between 300 and 
400 nm was seen in the sample, confirming the 
production of ZnO NPs. Using the following formulae, 
the bandgap energy (Eg) of Zn O may be calculated from 
the wavelength value corresponding to the spectrum: 
E 1240 /λ eV  

where, Eg is the bandgap energy (eV) and λ is the 
wavelength (nm). 

In the present study, the corresponding bandgap 
value was 2.97 eV, indicated that the absorption shift 
is blue. Generally, the smaller the particle, the larger 
the band gap patterns should be. The inherent 
bandgap absorption of ZnO NPs in the wavelength 
range of 300-400 nm is responsible for the absorption 
peak. Thus, electrons transition from the valence band 
to the conduction band23,24. 

FTIR analysis 
Figure 2B depicts the FTIR spectrum of as-

synthesized ZnO NPs. The ZnO NPs mediated by 
H. tiliaceus leaf extract were analyzed using FTIR to
know the phytochemical compounds responsible for
the synthesized ZnO NPs. The appearance of peaks at
3459 cm 1 ascribed to OH stretching vibration of
O–H groups in water, alcohol, and phenol. The
wavenumber at 2069 cm 1 is due to the asymmetric
stretching of C–H groups. The intense band at
1534 cm 1 relates to the C=C stretch in the aromatic
ring, and C=O stretch in polyphenols compounds25.
The band at 1415 cm 1 is due to the presence of
tertiary alcohol (C-OH). Stretching vibrations located

Fig. 1 — Total content of phenolics and flavonoids in Hibiscus
tiliaceus leaf extract. The experiments were executed in six
replicates (n = 6). The results were represented as mean ±
standard deviation. The data were analyzed by one-way ANOVA
and statistical difference between test samples was analyzed by
Tukey’s test. The P-value ≤ 0.05 was considered significant. The
bars in the respective study with different alphabetic was
significant (P-value ≤ 0.05) 
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at 905 and 841 cm 1 represented C N stretching and 
N H was of amines, respectively. Thus, from the 
FTIR spectrum concluded that phenolics and 
flavonoids of H. tiliaceus leave extract have been 
involved in the synthesis of ZnO NPs through 
reduction and stabilization action14,15. 

Particle size analysis (PSA) and zeta potential study 
Dynamic light scattering (DLS) was performed to 

determine the particle size distribution and average 
particle size of ZnO NPs. The average particle size of 
ZnO NPs was 30 to 60 nm (Fig. 3A). The size of ZnO 
NPs was further evaluated by TEM. The average zeta 
potential value of ZnO NPs was  1.2 mV (Fig. 3B). 
The negative charge of ZnO NPs could be due to the 
acidic phytochemicals of H. tiliaceus and thus, 
provides the stability at a persistent long period of time. 

XRD analysis 
The H. tiliaceus mediated synthesized ZnO NPs 

crystal lattice structure was carried out by X-ray 
diffraction analysis (Fig. 4A). The XRD analysis 
angle range was predetermined to be from 10°-90°. 
The spectrum obtained indicated the hexagonal phase 
structure with specific reflections at 32.05°, 34.92°, 
36.51°, 47.51°, 57.10°, 63.14°, 66.60°, 68.18° and 
69.34° corresponding to (100), (002), (101), (102), 

(110), (103), (200), (112), and (201) orientations, 
respectively, which are in confirmation with the 
JCPDS data card no-89-1397. As per the data 
obtained from XRD, the mean crystalline size (D) of 
the ZnO NPs was calculated using Debye Scherrer's 
formula:  

D Kλ/βcos θ 

where, ‘λ’ is the wavelength of the X-ray radiation 
employed and equal to 1.5406. The symbol ‘θ’ is full 
width at half its maximum intensity of diffraction 
pattern (FWHM) in radian is the Bragg diffraction 
angle. In our study, average crystal size was 
determined as 16 nm from Debye Scherrer's formula. 
The obtained result of the present XRD study was 
inconsistent with previous reports26,27. The XRD study 
concluded that the lattice structure of as-synthesized 
ZnO NPs was crystalline in nature. 

HR-TEM and SAED analysis 
A high-resolution transmission electron microscope 

(HR-TEM) was used to examine the size, shape, and 
morphology of as-synthesized ZnO NPs. Figure 4B 
shows a HR-TEM image of H. tiliaceus mediated 
synthesized ZnO NPs and a selective area electron 
diffraction (SAED) pattern. The size of ZnO NPs 
ranges from 30 to 60 nm and they are spherical in 

Fig. 2 — (A) UV-Vis spectroscopy of ZnO NPs; and (B) FTIR spectroscopy of ZnO NPs 

Fig. 3 — (A) DLS pattern of ZnO NPs; and (B) Zeta potential of ZnO NPs 
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shape. The SAED pattern provided information that 
ZnO NPs have crystallinity and have an index with an 
interplanar distance of 2.94.  

Antibacterial activity of ZnO NPs 
H. tiliaceus mediated synthesized ZnO NPs

showed potential antibacterial activity against six 
bacterial strains, two Gram-positive: B. subtilis 
(MTCC - 441) and S. aureus (MTCC - 1430), and 
four Gram-negative: K. pneumoniae (MTCC - 7162), 
P. aeruginosa (MTCC - 4996), P. vulgaris (MTCC -
744), and E. coli (MTCC no: 443). The maximum
zone of inhibition of the ZnO NPs against
K. pneumoniae and P. aeruginosa (Table 1). This can
be accredited to the generation of zinc oxide ions
from ZnO NPs. The results obtained were in
agreement with the existing literature. The green
synthesized ZnO NPs from the extract of H. tiliaceus
leaf reported potent antimicrobial activities.

According to Lakshmeesha et al., the accumulation 
of reactive oxygen species (ROS) generated by 
nanoparticles (NPs) is the fundamental explanation 
for antibacterial action14. According to Zhang et al. 
nanoparticles (NPs) have antibacterial activity due to 
a chemical interaction between membrane proteins 
and hydrogen peroxide, or other chemical agents 
generated in the presence of nanoparticles (NPs) by 
the bacteria cell's lipid bilayer29. Padmavathy & 
Vijayaraghavan studied further into detail about 

nanoparticles antibacterial activity (NPs) and reported 
that nanoparticles produced by the precipitation 
reaction of zinc acetate hydrolysis in 2-propanol 
showed a unique bacterial growth inhibitory activity 
against E. coli. According to reports, the ROS 
molecules generated by ZnO NPs penetrate the 
bacteria's cell membrane and induce death30. 

Anticancer activity of ZnO NPs 
The anticancer activity of ZnO NPs was studied 

against human breast cancer cell lines MCF-7 at 
varying concentrations and results have been illustrated 
in (Fig. 5). It is evident from the graph that an initial 
concentration of as low as 20 µg/mL had triggered 
anticancer action against the MCF-7 cell lines. The cell 
viability of MCF-7 cells was reduced with a dose of 
ZnO NPs and exhibited a dose-dependent manner. 
The IC50 value was calculated to be 65.83 ± 
2.57 µg/mL (Fig. 5A). The existence of synergy 
between NPs and the covering polyphenols of the 
leaf extract are responsible for elevated anticancer 
activity of the ZnO NPs. The cancer cells have a 
higher uptake of the ZnO NPs as against the normal 
healthy cells and this, in turn, is responsible for the 
greater cytotoxicity of ZnO NPs against cancerous 
cells. The cancerous cells have an irregular metabolism 
and high proliferation rate that makes them more 
vulnerable31. The coordinated increase in the 
production of ROS and also the constraints on the 

Fig. 4 — (A) XRD pattern of ZnO NPs; and (B) HR-TEM image and SAED pattern of ZnO NPs 

Table 1 — Antibacterial activity of ZnO NPs against pathogenic bacterial strains by the zone of inhibition assay 
S. No Bacterial strain Zone of inhibition (mM) 

Concentration of ZnO NPs 
25 µg 50 µg 75 µg 100 µg 

1 Bacillus subtilis (MTCC - 441) 10 mM 11 mM 12 mM 14 mM 
2 Staphylococcus aureus (MTCC - 1430) 8 mM 9 mM 11 mM 12 mM 
3 Klebsiella pneumoniae (MTCC - 7162) 10 mM 12 mM 13 mM 16 mM 
4 Pseudomonas aeruginosa (MTCC - 4996) 10 mM 12 mM 14 mM 15 mM 
5 Proteus vulgaris (MTCC-744) 6 mM 6 mM 8 mM 10 mM 
6 Escherichia coli (MTCC - 443) 10 mM 11 mM 12 mM 14 mM 
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transcription process are caused by the synchronized 
effect of ZnO NPs and polyphenols32. Notably, 
antioxidants such as polyphenols display cytotoxicity 
only against abnormal cells2. Cells experiencing 
toxicity have been noted by cellular rounding, 
contraction in the membrane, and loss of cell adhesion 
ability (Fig. 5B).  
 

Dye degradation activity of ZnO NPs 
The catalytic reduction performance of the as-

synthesized ZnO NPs was evaluated on catalytic 
reduction of MB, MO, and MG dyes using NaBH4 as 
a reducing agent. The reduction process was 
monitored by UV-vis spectrophotometer absorbance 
reading with λmax at 664 nm, 464 nm, and 615 nm for 
MB, MO, and MG, respectively. 

To study the efficacy of the ZnO NPs to degrade a 
dye the degradation process was carried out in two 
processes. In the first process, only NaBH4 was 
reacted with the dyes and absorbance readings were 
noted. In the second process, dyes were reacted 
with NaBH4 along with ZnO NPs and the 
spectrophotometer absorbance reading was taken. The 
absorbance peaks at λmax for all three dyes showed a 
gradual decrease in the absorbance peaks confirming 
the dye degradation took place as well the fading of 
the color is also visible after the addition of ZnO NPs. 
As shown in Figure 6 the time taken for the ZnO NPs 
as a catalyst in the presence of NaBH4 as a reducing 
agent are 16 min, 28 min, and 12 min for MB, MO, 
and MG, respectively. 

Fig. 5 — (A) Anticancer activity of ZnO NPs against MCF-7 cells determined by MTT assay. The experiments were executed in six
replicates (n = 6). The results were represented as mean ± standard deviation. The data were analyzed by one-way ANOVA and statistical 
difference between test samples was analyzed by Tukey’s test. The P-value ≤ 0.05 was considered significant. The bars with different
alphabetic was significant (P-value ≤ 0.05); and (B) Microscopic images of control cells and cells treated with IC50 value of ZnO NPs 
(65.83 ± 2.57 µg/mL). The images were captured at 400x 

Fig. 6 — Dye degradation efficacy of ZnO NPs on (A) methylene blue; (B) methyl orange; and (C) malachite green dyes at a different
wavelength 
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The percentage of dye degradation was calculated 
from the following equation: 

Dye degradation % C  C /C   100 

where, C0 was the initial amount of dye and C was the 
left-over amount of dye after the degradation process. 
The study finds 95%, 85%, and 88% of the degradation 
for MB, MO, and MG degradation, respectively (Fig. 7).  

The kinetics studies for all three reactions were 
spectrophotometrically monitored at absorption at 
λmax for three dyes respectively. As the concentration 
of NaBH4 is more than that of the dyes in all the 
reactions, its concentration remains constant during 
the entire reaction, and hence the reaction follows 
pseudo-first order kinetics. The rate equation adopted 
was as follows: 
k ln A  / A   

where, k was the pseudo-first order rate constant, [Ao] 
was the initial concentration of the dye, and [At] was 
the concentration at ‘t’ time.  

Following, for the constant catalyst concentration, 
a graph with a plot of ln (At/Ao) with respect to time 
(min) shows the straight line of slope k in (Fig. 8). 
The rate constant (k) for degradation of MB, MO, and 
MG by NaBH4 in presence of ZnO NPs was 
calculated  to be 0.250 min 1, 0.126 min 1, and 
0.326 min 1, respectively. The regression value for 
MB, MO, and MG were 0.98364, 0.97899, and 
0.99211, respectively. Thus, the kinetic values also 
prove that the dye degradation ability of ZnO NPs as 
a nanocatalyst in the presence of NaBH4 as a reducing 
agent is reliable. 

In support of our study, Rambabu et al. green 
synthesized ZnO NPs from Phoenix dactylifera waste 

Fig. 7 — Dye degradation efficacy plots (C/C0 Vs time) of ZnO NPs on (A) methylene blue; (C) methyl orange; and (E) malachite green
dyes. Dye degradation percentile of ZnO NPs on (B) methylene blue, (D) methyl orange; and (F) malachite green dyes 

Fig. 8 — Kinetic graphs for dye degradation activity of ZnO NPs on (A) methylene blue; (B) methyl orange; and (C) malachite green dyes 
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and revealed 90% dye degradation capacity on 
hazardous MB dye and eosin yellow dyes33. 
Moghaddas et al. biosynthesized ZnO NPs using 
quince seed mucilage and demonstrated 80% 
degradation of MB dye within 2 h34. Similarly, 
Brindhadevi et al. ZnO NPs prepared from hybrid 
grape pulp extract and showed complete degradation 
of MG dye35. The present study and previous reports 
showed that ZnO NPs could be highly useful for the 
clean-up of hazardous dyes from the environment.  

Conclusion 
The focus of this research was to synthesize ZnO 

NPs from an aqueous leaf extract of H. tiliaceus. The 
synthesized ZnO NPs were found with an average 
size of 60 nm and a spherical form. The presence of 
phenols and flavonoids in the phytochemical analysis 
of H. tiliaceus revealed that they are the key 
contributors to reduction as well as capping agents for 
ZnO NPs synthesis. The as-synthesized ZnO NPs 
exhibited potent antibacterial activity against Gram-
negative and Gram-positive bacteria by well diffusion 
technique. The as-synthesized ZnO NPs displayed 
potent anticancer activity against MCF-cells by cell 
viability technique MTT assay. The ZnO NPs were 
also tested for their ability to degrade methylene blue, 
methyl orange, and malachite green dyes, all of which 
are industrial waste, and the results showed that 95%, 
85%, and 88% of the degradation, respectively. The 
percentage of degradation was discovered to be 
significantly affected by the concentration of ZnO 
NPs and the time of illumination. This research will 
shed light on new metal oxide catalysts and 
demonstrate the utility of ZnO NPs as a nanocatalyst 
for environmental clean-up. 
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