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In the present study, synthesis of zinc oxide nanoparticles (ZnONPs) through Morin Hydrate by a novel 
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Abstract: 

eco-friendly, rapid and easy biological method was investigated. Morin Hydrate is recognized as a major 
constituent of many herbs and fruits like Psidium Guajava (Indian guava), almond (Prunusdulcis), fig 
(Chlorophora Tinctoria). The methanolic stock solution of Morin Hydrate was prepared and employed as 
a reducing and capping agent to synthesize stable zinc oxide nanoparticles via biological reduction 
approach. The method was systematically optimized using response surface methodology based Box- 
Behnken design (BBD), considering the effect of various independent variables (factors) such as zinc 
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(3mM), incubation time (3 hrs) and temperature (70°C). Morin Hydrate methanolic stock solution can 
reduces zinc ions (Zn++) into zinc (Zn0) nanoparticles (ZnONPs) within 3hrs after heating the reaction 
mixture (70°C) as indicated by the appeared deep yellow color. The UV-Vis spectrum of bio synthesized 
and optimized ZnONPs shows a characteristic strong absorption peak of Surface Plasmon Resonance 
(SPR) at 380 nm. Fourier transform infrared (FTIR) spectroscopy affirmed the role of Morin Hydrate as a 
reducing and capping agent of zinc ions. ZnONPs were subjected to X-ray diffraction (XRD) analysis, 
which exhibits their crystalline nature. Scanning electron microscopy (SEM) showed spherical shape, 
confirming the presence of elemental zinc with particle size of around 100 nm. The average particle size 
(z-average) was found to be 90.1 nm, its polydispersity index was 0.476 and Zeta values were measured 
and it was found to be -37.8 mV with the peak area of 100% intensity. This indicates that the formed 
zinc oxide nanoparticles (MHZnONPs) are stable. MHZnONPs were then studied for antioxidant activities 
by DPPH assay method, which revealed significant antioxidant activity as compared to standard 
antioxidant ascorbic acid. Moreover, antimicrobial potential of ZnONPs against Staphylococcus aureus 
and Bacillus subtilis, showed maximum zone of inhibition of 14mm, at 10 µg/mL concentration. Finally 
from the findings, we concluded that the synthesized ZnONPs shows excellent antioxidant and 
antimicrobial activity. 
Keywords: Green synthesis, Zinc Oxide Nanoparticles, Response surface methodology, Box-Behnken 
Design, Antioxidant, Antimicrobial. 
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1. Introduction 
Modern biological research greatly benefits 
from the use of nanotechnology [1, 2]. 
Numerous industries, including 
pharmaceuticals, drug delivery, gene therapy, 
food, and environmental health, are using 
nanotechnology [3]. Due to its affordability, 
non-toxicity, and environmental friendliness, 
green mediated production of metal 
nanoparticles has attracted increased interest in 
recent years [4, 5]. Various plant elements, 
including the seed, stem, flower, leaf, and fruit 
skin, were used to synthesize nanoparticles. 
Green synthesized nanoparticles from plant 
extracts are beneficial for cosmetics and drug 
delivery purpose [6]. Due to their high surface- 
to-volume ratio and nano-scale particle sizes, 
metal nanoparticles derived from plants have a 
great antimicrobial impact and stick to microbial 
membranes with ease [7, 8]. Silver, copper, and 

zinc are the most popular green-synthesized 
metal nanoparticles utilized as an antimicrobial 
agent for medicinal purposes due to their 
effectiveness and safety [9, 10]. 
Nanomaterials with small particle sizes and 
large surface areas have potential in various 
industrial fields such as food packaging industry, 
cosmetics, medicine and catalysts. One of the 
many studies carried out thus far is metal oxide 
nanoparticle preparation, such as zinc oxide 
(ZnO), titanium dioxide (TiO2), and silver oxide 
(Ag2O). ZnO nanoparticles have receive 
considerable attention because of their good 
conductivity, chemical and physical stability, 
photonic and optoelectronic properties, high 
catalytic activity, and antibacterial, antifungal, 
and intensive ultraviolet (UV) and infrared (IR) 
filtering properties [11-14]; therefore, they are 
considered for biological applications such as 
antimicrobial agents, drug delivery, and 

and zeta potential of synthesized zinc oxide nanoparticles. The optimum conditions were [Zn(NO3)2] 
nitrate [Zn(NO3)2] concentration, incubation time and temperature on the responses like particle size 
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bioimaging probes [15], making ZnO 
nanoparticles interesting to synthesise. Zinc 
oxide (ZnO) is a large band n-type 
semiconductor with a hexagonal phase of 
wurtzite-type structure [16]. Zinc oxide 
nanoparticles are an ideal candidate for 
biological applications because of their ease 
manufacturing and non-toxicity [17, 18]. They 
already serve as a conservative alternative in 
food packaging [19, 20], in sunscreens thanks to 
their transparency in visible light and their high 
UV absorption capacity [21, 22], and as well as a 
component in antibacterial drugs and cosmetics 
such as deodorants [23] due to their 
antibacterial and antifungal potential and their 
effectiveness against spore, resistant bacteria 
and Fungi [24, 25]. 
In recent years, nanotechnology showed great 
potential for effective delivery of new 
molecules having pharmacokinetic problems in 
several preclinical studies and demonstrated 
the delivery of desired concentration to the 
different sites of action in the brain, despite of 
complex anatomy of the brain and the 
unresolved mechanics of the central nervous 
system. Nanoparticles with appropriate surface 
modifications can deliver drugs of interest 
beyond the BBB for diagnostic and therapeutic 
applications in neurological disorders, such as 
Alzheimer disease [26]. Moreover; the metal 
based nanoparticles have the ability to inhibit 
oxidative stress via a redox reaction. Previous 
studies show that zinc oxide nanoparticles are 
useful in neurodegenerative disease therapy 
and diagnosis [27]. 
ZnO nanoparticles are multi-purposes material 
with a wide range of applications and can be 
synthesized by several methods, such as 
physical and chemical methods. A novel method 
to synthesize ZnO nanoparticles is biological 
method that uses plant extracts as the reducing 
and capping agents. Plant extracts are superior 
agents for synthesizing nanoparticles because 

they are free from toxicants and provide 
essential phytochemical substances as reductor 
and capping agents. Enzyme, protein, flavonoid, 
polysaccharide, and phenol in the plant extract 
play an important role in the reduction process 
of particle. Other studies also proved that 
polyphenol   is  the  main  substances  that 
influenced the formation and stabilization of 
nanoparticles. Compared   to  physical   and 
chemical   routes,   biological   method  is an 
efficient and eco-friendly method because of 
the relatively mild operating condition [28, 29]. 
Morin   hydrate    (3,5,7,2′     ,4′    - 
pentahydroxyflavone) is a natural bioflavonoid, 
a yellow crystalline polyphenolic compound and 
a constituent of many herbs, vegetables and 
fruits like Psidium Guajava (Indian guava), 
almond (Prunusdulcis), fig   (Chlorophora 
Tinctoria) and other Moraceae family plants 
which are extensively used as food and 
traditional   herbal  medicine [30].  Various 
research reports have shown antioxidant [31], 
anti-inflammatory [32], and anti-proliferative 
[33, 34,    35],  antiarthritic,    antifertility, 
antiplasmodic [36, 37, 38], antimicrobial [39, 40, 
41], antiviral [42] effects of Morin hydrate in- 
vivo and in-vitro. It is also used in cardiovascular 
diseases and diabetes mellitus [43, 44]. This 
flavonoid has been reported to induce 
apoptosis in leukemia, prostate cancer, colon 
cancer, breast cancer, hepatocellular carcinoma 
and human oral squamous carcinoma [45, 46, 
47]. 
In the current study, we aimed to synthesize 
stable zinc oxide nanoparticles (ZnONPs) 
utilizing Morin hydrate by biological reduction 
technique. The investigation focused on Box- 
Behnken Design (BBD) of response surface 
methodology (RSM) based optimization of 
numerous experimental parameters involved in 
the green synthesis of ZnONPs of morin 
hydrate. Different analytical techniques were 
used to characterize the optimized and green 
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synthesized ZnONPs. Optimized ZnONPs were 
further assessed for their antioxidant potential 
and antimicrobial activity against four human 
bacterial pathogens. 
2. Materials and Methods 
2.1. Materials 
Zinc nitrate and plant active Morin hydrate 
were bought from Sigma Aldrich, USA. Double 
distilled water and all ingredients of this 
research were analytical grade purchased and 
utilized. 
2.2. Green Synthesis of Morin Hydrate zinc oxide 
nanoparticles (MHZnONPs) 
This biological synthesis of MHZnONPs was 
carried out by adopting method from Aruna et 
al., 2014, Salem et al., 2015, Vijayakumar et al., 
2018 and Rathinavel et al., 2020 with certain 
modifications [48-51]. However, the synthesis 
conditions were improved for the present 
reaction by adjusting a number of synthesis- 
related factors. 
2.2.1. Preparation of stock solution of Morin 
Hydrate (MH) 
2 mg of the drug was weighed and diluted to 20 
ml with methanol. It was stored at 4°C until 
further use. 
2.2.2. Formulation of zinc nitrate aqueous 
solution (3mM) 
Zinc nitrate, which was measured at 0.090g, 
was dissolved in 100 ml of double-distilled 
water and stored in an amber colour container 
until needed. {100 ml of Zn(NO3)2 .6H2O (molar 
mass 297.49 g·mol−1, odorless, density 2.065 
g/cm3, boiling point 131 °C)} {Molarity is moles 
per liter. As Zn(NO3)2 .6H2O has a molar mass of 
297.49 g/mol, a 1 M solution of Zn(NO3)2 .6H2O 
in 1 liter would be 297.49 g [1 mole of Zn(NO3)2 

.6H2O]. A total of 0.180 g of zinc nitrate is used 
to make 200ml of solution.}. 

 
2.2.3. Synthesis of zinc oxide nanoparticles 
(MHZnONPs) 

A conical flask was used to hold 5 ml of the 
Morin Hydrate's methanolic stock solution. A 
magnetic stirrer coupled to a heated plate was 
used to stir the mixture. Using a peristaltic 
pump (dropper/ syringe), 50ml of 3mM 
[Zn(NO3)2] solution was added to the above 
stock solution drop by drop over the period of 
30 seconds with 120 rpm constant stirring. The 
solution was heated at a temperature range of 
60-80°C. The high purity phytoconstituent will 
act as both reducing agent and stabilizing agent 
of aqueous zinc nitrate. The pH of the solution 
mixture was adjusted to 6. The reduction 
process of zinc ions (Zn++) to zinc (Zn0) 
nanoparticles was identified and checked 
periodically. The colour change of the medium 
from colorless to deep yellow after 3 hours was 
observed which indicated the formation of zinc 
oxide nanoparticles. It revealed that aqueous 
zinc ions may be reduced to exceptionally stable 
zinc oxide nanoparticles using a methanolic 
stock solution of Morin hydrate. 
2.2.4. Separation of zinc oxide nanoparticles 
The synthesized zinc oxide nanoparticles were 
subsequently allowed to cool at room 
temperature and the supernatant was 
discarded. The precipitate was separated from 
the reaction solution by centrifugation at 8000 
rpm at 60°C for 15 min after thorough washing 
with distilled water followed by methanol to 
remove the unwanted impurities and pellet was 
collected. Crude pellets were then resuspended 
in sterile double distilled water and filtered 
through 0.2 µm filter. Then, the obtained 
purified precipitant was dried using a hot air 
oven operating at 80 °C for 2 hours. A light 
yellow colored powder was obtained and this 
was carefully collected, preserved and stored at 
4°C in air-tight bottles prior to their MHZnONPs 
characterization studies. 
2.3. Box-Behnken Design based optimization of 
ZnONPs synthesis 
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Box-Behnken Design of RSM (Design Expert 
software, Trial version 12.0.3.0) was used to 
optimize the process parameters involved in the 
green mediated production of ZnONPs. 
Optimization of ZnONPs synthesis using BBD 
was achieved by considering three experimental 
variables involved in green synthesis of ZnONPs 
such as [Zn(NO3)2] concentration (A), incubation 
time (B) and temperature (C). These three 
factors were analyzed based on Box-Behnken 
Design done at three different levels: -1, 0 and 
+1 for low, medium and high levels. A total of 
17 experimental trials were suggested by the 
selected design. Particle size (nm) and zeta 
potential (mV) of synthesized ZnONPs were 
analyzed as responses. After putting the data in 
BBD, mathematical modelling was performed to 
analyze the results. Quadratic second-order 
model was selected and the data-fitting with 
the model was analyzed by ANOVA along with 
other parameters like coefficient of correlation 
(r2), adjusted r2, predicted r2 and predicted 
residual sum of squares. Optimized parameters 
needed for ZnONPs production were 
determined by the numerical desirability 
function and graphical optimization techniques. 
Finally BBD helps in investigating linear, 
quadratic model of these factors for the 
enhanced green synthesis of ZnONPs using 
plant active morin hydrate, each variable 
diverse at these levels which also includes three 
center points for replication. 
2.4. Characterization of Zinc Oxide 
Nanoparticles 
2.4.1. Determination of Particle Size Including 
Zeta Potential Analysis 
The mean particle size (z-average), 
polydispersity index (PI) and zeta potential of 
MHZnONPs was measured by dynamic light 
scattering technique using Malvern Panalytical 
Ltd. Zeta sizer, UK (Model no. – ZSU 3200). The 
oven-dried powder was dissolved in water 

before to measurement in order to get the 
correct scattering intensity. 
2.4.2. UV-Visible Spectroscopy 
UV-visible absorption spectroscopy has been 
used to evaluate the optical properties of 
nanoparticles. The parameters employed in the 
green-mediated manufacture of zinc oxide 
nanoparticles were optimized using the Box- 
Behnken design, and the synthesised 
MHZnONPs were validated using UV-Visible 
spectroscopy by using the Systronics UV-2201 
PC scanning double beam spectrophotometer 
device. Using distilled water as a blank, the UV- 
Visible spectrum was recorded in the 
transmittance region of 200-800 nm, and the 
green production of ZnONPs was seen by a rise 
in absorbance. 
2.4.3. Fourier Transform-Infrared (FT-IR) 
Spectroscopy Analysis 
To identify the functional groups of 
biomolecules present in the nanoparticles, FTIR 
analysis of biologically synthesized ZnONPs was 
carried out. This study was performed using KBr 
pellet method, between the ranges of 400-4000 
cm-1, at room temperature. Briefly stated, the 
sample was combined with KBr powder and 
compacted into a pellet with a manual tablet 
presser. Then obtained pellet was analyzed 
using Bruker Corporation (USA) model FTIR 
instrument. 
2.4.4. Powder X-ray Diffraction (XRD) 
Measurement 
The powdered sample of synthesized zinc oxide 
nanoparticles was put on a glass substrate and 
examined using XRD equipment. The XRD 
patterns with diffraction intensity versus 2θ 
were recorded using Bruker Corporation (USA) 
model XRD instrument, of Cu-Ka radiation with 
a wavelength (k) of 1.54 A° at a tube voltage of 
40 kV and a tube current of 30 mA. 
2.4.5. Scanning Electron Microscopy (SEM) 
Analysis 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

9203 



NeuroQuantology|July2022|Volume20|Issue8|Page 9199-9227|doi:10.14704/nq.2022.20.8.NQ44941 
Adeep Kujur et al/ Optimization of Zinc Oxide Nanoparticles Biosynthesis from Morin Hydrate Using Box–Behnken Design for Enhanced 
Antioxidant and Antimicrobial Activity 

eISSN1303-5150 www.neuroquantology.com 

 

 

 

Newly synthesized ZnONPs was subjected to 
scanning electron microscopy (SEM) analysis by 
using EM-30 (COXEM SEM-3000, South Korea 
make) SEM instrument. The thin films of zinc 
oxide nanoparticles sample powder were 
created by dropping a little quantity of the 
sample onto the carbon-coated grid, blotting 
away the excess with blotting paper, and then 
drying for SEM study. 
2.5. Antioxidant Activity of Zinc Oxide 
Nanoparticles 
The ability of Morin hydrate zinc oxide 
nanoparticles (MHZnONPs) to scavenge the free 
radicals was examined by the DPPH (2, 2- 
diphenyl-1-picrylhydrazyl) spectrophotometric 
assay, by adopting a standard procedure [52]. A 
given volume (2 ml) of the zinc oxide 
nanoparticle solution at varying concentrations 
ranging from 10 - 800 μg/ml each was mixed in 
cuvette with 1 ml of 0.5 mM DPPH (in 
methanol). At room temperature the 
absorbance at 517 nm was measured in the 
dark after 30 minutes of incubation. This 
analysis is studied in triplicates. Antioxidant 
activity was computed through following 
equation: 
% Antioxidant Activity [AA] = 100 – [{(Abs 
sample – Abs blank) X 100}/Abs control]. 
Methanol (1.0 ml) plus 2.0 ml of Morin hydrate 
zinc oxide nanoparticles (MHZnONPs) solution 
was used as the blank, while as the negative 
control, 1.0 ml of the DPPH solution (0.5 mM) 
with methanol (2 ml) was used. In the 
experiment, ascorbic acid served as a reference 
standard as well. 
2.6. Antimicrobial Potential of Synthesized 
ZnONPs 
Agar well diffusion technique was utilized to 
test the antimicrobial ability of green 
synthesized Morin hydrate ZnONPs. Green 
synthesized zinc oxide nanoparticle’s 
antibacterial effect has been linked to their high 
surface-to-volume ratio, fine tuning 

nanoparticles size with their bioactive 
molecules of plant, which enables intimate 
interaction with microbial membranes. The 
overnight inoculated bacterial cultures of 
Staphylococcus aureus (ATCC 25923), Bacillus 
subtilis (ATCC 19659), Escherichia coli (ATCC 
25922) and Pseudomonas aeruginosa (ATCC 
27853) bacteria were used as the test 
organisms and each organism is seeded in a 
separate sterile petriplates using spread plate 
technique. For agar well diffusion circular wells 
(6 mm) were made. Then it was loaded with a 
standard drug ampicillin (10 µg/ml) and the 
other wells were loaded with samples such as 
dummy zinc oxide nanoparticles as positive 
control [Zn(NO3)2] (10 µg/ml), pure drug Morin 
hydrate (10 µg/ml), Morin hydrate loaded zinc 
oxide nanoparticles (10 µg/ml) and distilled 
water, as a negative control. After that, plates 
were kept in triplicate for each culture and 
incubated overnight at 37 degrees, and the 
results were recorded. 
3. Results and Discussion 
3.1. Box-Behnken Design Based Optimization of 
Zinc Oxide Nanoparticle Synthesis 

 
The optimum conditions for the synthesis of 
ZnONPs were found using Box-Behnken Design. 
The optimization strategy is displayed in Table 
1. The ANOVA of the quadratic regression 
model (Table 2) reveals that it was a very 
significant model for the two experimentally 
observed responses, particle size and zeta 
potential, as was evident from the Fisher's F- 
test with a very low probability value (F value ¼ 
85.39 and 22.28 for particle size and zeta 
potential respectively). Values of ‘Prob > F’ (< 
0.0001 for particle size and 0.0002 for zeta 
potential) indicate that the term of the model 
was significant. The Model F-values of 85.39 
and 22.28 implies that the model was 
significant. There was only a 0.01% (for particle 
size) and 0.02% (for zeta potential) chance that 
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a model F-values will occur owing to noise. The 
predicted R2 (0.8557 and 0.6755) and adjusted 
R2 (0.9794 and 0.9229) values for ZnONPs 
synthesis were in reasonable agreement with 
the values of R2 (0.9910 and 0.9663 for particle 
size and zeta potential respectively), which are 
closer to 1.0, indicating the better fitness of the 

model in the experimental data. In the current 
study, three distinct tests, including sequential 
model sum of squares, lack of fit tests, and 
model summary statistics, were run on the 
model for Morin hydrate-mediated synthesis of 
ZnONPs. 

Table 1 - Box-Behnken Design for the three different factors of ZnONPs synthesis and their experimental 
  observed responses.  
  

Run 
Factor 1 

Zinc Nitrate 
Conc. (mM) 

Factor 2 
Incubation 
Time (hrs) 

Factor 3 
Temperature 

(°C) 

Response 1 
Particle Size 

(nm) 

Response 2 
Zeta Potential 

(mV) 

1 1 3 3 70 90.1 -37.8 

5 2 3 5 60 115.44 -34.3 

7 3 3 5 80 120.22 -32.1 

3 4 3 7 70 135.67 -31.6 

11 5 5 3 80 492.24 -26.2 

9 6 5 3 60 445.44 -26.8 

17 7 5 5 70 523.87 -28.1 

16 8 5 5 70 525 -27.3 

14 9 5 5 70 526.36 -28.5 

13 10 5 5 70 523.76 -25.4 

15 11 5 5 70 526.88 -28.8 

10 12 5 7 60 683.36 -22.4 

12 13 5 7 80 642.81 -23.2 

2 14 7 3 70 485.52 -25.4 

6 15 7 5 60 844.28 -19.9 

8 16 7 5 80 855.23 -18.1 

4 17 7 7 70 950.09 -16.7 

 
Table 2 - Analysis of variance (ANOVA) for the response surface quadratic model from BBD. 
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Figures 1 and 2 depict the graphically rendered 
3D plots and contour diagram, respectively. The 
findings show that the [Zn(NO3)2] concentration 
(mM), incubation time (hrs), and temperature 
(°C), which were optimized for ZnONPs 
production using plant active Morin hydrate, 
had a significant relationship. The optimum 
levels of the variables were obtained by utilizing 
BBD. The model predicted a desired particle size 
and zeta potential values appearing after 
[Zn(NO3)2] concentration (3 mM), incubation 
time (3 hrs), temperature (70 °C), were 

optimized for ZnONPs production. Supposed 
model is validated and analysis was performed 
under these optimal conditions. The supposed 
model readings were almost matched with the 
values measured in these experiments, thus 
mitigating the validity of the response model 
and the necessity for optimal conditions. The 
factors that were used to optimize the synthesis 
of zinc oxide nanoparticles were depicted in 
graphs. 
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Source Sum of 

Squares 

 
df 

 
Mean Square 
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1.091E+06 

 
9 

 
1.212E+05 
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Fig. 1 3D plots showing the combined effects of two factors on biosynthesis of ZnONPs from Morin 
hydrate. 
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Fig. 2 2D Contour diagram for the enhanced green mediated synthesis of ZnONPs from Morin hydrate. 
 

The following regression equation was 
generated by calculating the coefficients of the 
regression equation for Particle Size (Response 
1) and Zeta Potential (Response 2), respectively: 
For Particle Size (Response 1):- 
Y (particle size was found to be 90.1 nm) 
= 
+525.17+334.21A+112.33B+2.75C+104.75AB+1. 
54AC-21.84BC-96.00A²-13.83B²+54.62C² 
For Zeta Potential (Response 2):- 
Y (zeta potential was found to be -37.8 mV) 
= -27.62+6.96A+2.79B+0.4750C+0.6250AB- 
0.1000AC-0.3500BC-0.8525A²+0.5975B²+2.37C² 

 
Where, Y stands for zinc oxide nanoparticle 
(ZnONPs) synthesis (for particle size 90.1 nm 
and zeta potential -37.8 mV), A is zinc nitrate 
[Zn(NO3)2] concentration, B is incubation time, C 
is temperature, respectively. The observed 

values have good similarity, thus tends to the 
precision and applicability of response surface 
methodology (RSM), to optimize the process for 
zinc oxide nanoparticle synthesis [53, 54, 55]. 

 
3.2. Characterization of Green Synthesized 
ZnONPs 
3.2.1. Particle Size determination including Zeta 
Potential analysis 
The synthesized zinc oxide nanoparticle’s 
particle size, size distribution, and zeta potential 
were significant characterizations because they 
regulate a number of other characteristics, such 
as physical stability, dissolution velocity, 
saturation solubility, and occasionally biological 
manifestations [56]. The synthesized zinc oxide 
nanoparticles are subjected to particle size 
investigations, polydispersity index (PDI) or 
distribution pattern measurements, and zeta 
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potential measurements using the Zeta Size 
Analyzer (ZSU 3200, Malvern Panalytical Ltd., 
UK). 

 
Particle size examination: Immediately following 
synthesis, photon correlation spectroscopy 
(PCS) was used to quantify the average particle 
size diameter and PDI in solutions. The colloidal 
nanoparticle size and its granulometric 

spreading was examined and expressed against 
the number of particles and their occupied 
volume [17]. 
The mean particle size (z-average) is found to be 
90.1 nm. Particle size determination results in 
the appearance of nanoparticles having 
polydispersity indices PDI value 0.476 with 
intercept 0.681. It is shown in Table 3 and Fig. 3 
respectively. 

Table 3 - Mean Particle Size Diameter and Poly Dispersity Index (PDI) of Bio-synthesized MHZnONPs. 
 

Parameter 
 

Value 
 

Peak No Peak size 
(d.nm) 

Peak 
intensity (%) 

Peak width 
(d.nm) 

Z-Average 
(d.nm) 

90.1 Peak 1 113.1 100.0 40.3 

PDI 0.476 Peak 2 0.000 0.0 0.000 

Intercept 0.681 Peak 3 0.000 0.0 0.000 
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Fig. 3 Particle size distribution intensity of synthesized zinc oxide nanoparticles. 
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Zeta Potential Properties: The extent of surface 
potential of the synthesized ZnONPs was 
examined by zeta potential analysis. Zeta 
potential is a crucial indicator of the stability of 
aqueous ZnONPs. A zeta potential of at least 
+30 mV is required for the detection of stable 
zinc oxide nanoparticles. The zeta values of the 

synthesized zinc oxide nanoparticles were 
determined and found to be -37.8 mV with a 
peak area of 100% intensity [53]. These values 
provide total nanoparticle stability, which may 
be the cause of the narrow size distribution 
index of the synthesized particle sizes (Fig. 4). 
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Fig. 4 Distribution of synthesized zinc oxide nanoparticles Zeta potential. 
 

3.2.2. UV-Visible Spectroscopy 
The optimized zinc oxide nanoparticle’s 
absorption spectra were determined using UV- 
visible spectrophotometry, which can be seen in 
Figure 5. At the optimal setting of zinc nitrate 
concentration, incubation time and 
temperature, optimized zinc oxide 
nanoparticles were synthesized and kept at 
room temperature for 24 hrs. The peak of the 
spectrum was shown at 380 nm with a light 

yellow colour of the zinc oxide nanoparticle 
dispersion, attributed to the surface Plasmon 
resonance of synthesized zinc oxide 
nanoparticles. Moreover, the study was carried 
out by altering the incubation time. The 
observations showed that by either increasing 
the incubation time or temperature, absorption 
peaks shift towards the lower wavelength (blue 
shift) indicating zinc oxide nanoparticles of 
smaller diameter. However, zinc solution 
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concentration favours the absorption peaks 
shift towards higher wavelength (red shift 
occurs), i.e., growth of zinc oxide nanoparticles 
of larger diameters (nucleation effects); while 

the sharp absorption peaks indicates formation 
of homogeneous zinc oxide nanoparticles [57, 
58]. 
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Fig. 5 UV- Visible absorption spectra for Green synthesized ZnONPs from Morin hydrate. 
3.2.3. Fourier Transform-Infrared (FT-IR) 
Spectroscopy Analysis 
This study was performed to analyze the 
existence of functional groups responsible for 
reduction, capping, and hence efficient stability 
of the metallic nanoparticles synthesized by 
Morin hydrate. Figure 6 displays the FTIR 
spectra of Morin hydrate and its synthesized 
zinc oxide nanoparticles. The peak bands for the 
Morin hydrate in (A) observed at 3365 cm−1 is a 
characteristic of the OH stretching modes, while 

peak at 1662, 1603, 1524 and 1457 cm−1 are 
characteristic of C=C stretching vibration in 
aromatic ring and peak at 1313 cm−1 is for –C- 
OH deformation vibration and the peak 1255 
and 997 cm−1 are for –C-OH stretching vibration. 
The FTIR spectra of synthesized zinc oxide 
nanoparticles shown in (B) indicated peak at 
3345 cm−1 for OH stretching modes and C=C 
stretching vibration in aromatic ring at 1652, 
1589, 1514 and 1437 cm−1 [59]. 
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(A) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(B) 
Fig. 6 (A) FTIR spectra of Morin Hydrate, (B) FTIR spectra of biosynthesized MHZnONPs. 
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3.2.4. Powder X-ray Diffraction (XRD) 
Measurement 
The X-ray diffraction (XRD) patterns of freshly 
synthesized, oven-dried zinc oxide nanoparticles 
from Morin hydrate are shown in Fig. 7. 

According to the XRD patterns of the 
ZnO/Morin hydrate, ZnONPs have a hexagonal 
wurtzite structure. XRD peaks at 2θ values of 
32.5°, 35.6°, 37.8°, 47.4°, 57.5°, 64.7°, and 69.0° 
are illustrating the planes 100, 002, 101, 102, 
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110, 103, 201 respectively, of the hexagonal 
wurtzite zinc oxide crystals. Thus, the results 
clearly illustrating the biosynthesis of ZnONPs 
and were crystalline in nature. Finally, it is 
concluded that the results were in accordance 
with the XRD patterns of standard metallic zinc 

oxide (JCPDS No. 36-1451). These peaks are 
attributable to the plant actives organic 
compounds, which are responsible for the 
reduction of zinc ions and the stability of the 
resulting nanoparticles [60]. 
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Fig. 7 XRD image of Synthesized Zinc Oxide Nanoparticles. 

3.2.5. SEM (Scanning Electron Microscopy) 
Study 
The morphology and size of the zinc oxide 
nanoparticles formed by the mediation of 
Morin hydrate using BBD were examined 
through SEM. The resulting micrograph picture 
(Fig. 8), which has an average size of around 100 
nm, clearly shows the formation of spherical- 
shaped nanoparticles, which aggregate to form 
a cluster-like structure and nano crystal. SEM 

scans showed numerous numbers of uniformly 
scattered zinc oxide nanoparticles on the 
surface of the cells. Zinc element's presence 
was verified by the findings due to strong 
signals from zinc oxide nanoparticles like nano 
crystals and clusters, which demonstrated that 
BBD's biosynthesis of ZnONPs was effective. At 
the same time, the presence of zinc oxide 
nanoparticles in biosynthesized material was 
correlated with the XRD patterns [61]. 
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Fig. 8 SEM image of green synthesized zinc oxide nanoparticles from Morin hydrate (MHZnONPs). 
 

3.3. Antioxidant potential of ZnONPs 
Free radicals have important roles in a wide 
range of pathological manifestations. 
Antioxidants were utilized to neutralize the free 
radicals and stop them from spreading disease. 
Reactive oxygen species (ROS) scavenging or 
antioxidant defense mechanisms are used to 
accomplish this. The bleaching of purple- 
colored DPPH (2, 2-diphenyl-1-picrylhydrazyl 
radical) solution can be used to test the ability 
of natural products to donate electrons. The 
procedure works by scavenging DPPH by 
incorporating an antioxidant or radical species 
into the DPPH solution, which renders the 
solution colorless. The concentration and 

potency of the antioxidants control how 
strongly the color changes. The reaction 
mixture's absorbance is significantly reduced, 
indicating the substance under investigation 
possesses potent free radical scavenging 
properties. In the current investigation, when 
compared to ascorbic acid, the manufactured 
zinc oxide nanoparticles (MHZnONPs) displayed 
considerable antioxidant properties at high 
concentrations, the results revealed. When 
compared to the activity of 87.03 ± 0.91 % of 
standard ascorbic acid at the same 
concentration, the compound's 84.59 ± 1.15 % 
activity at 800 µg/ml is noteworthy (Table 4 & 
Fig. 9) [52, 62]. 
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Table 4 – Antioxidant activity of synthesized ZnONPs by DPPH assay method. 
 
 

1. 10 38.51 ± 0.72 10 75.15 ± 0.81 

2. 50 54.68 ± 1.03 50 75.76 ± 0.71 

3. 100 64.45 ± 0.91 100 76.31 ± 0.88 

4. 200 72.75 ± 0.66 200 79.27 ± 0.70 

5. 400 76.57 ± 0.81 400 83.41 ± 0.72 

6. 800 84.59 ± 1.15 800 87.03 ± 0.91 

 
 
 

 

Sr.No 

 
MHZnONPs Test sample 

 
Standard Absorbace Ascorbic Acid 

(μg/ml) 
Concentration 

(ug/ml) 
% Scavenging Concentration 

(ug/ml) 
% Scavenging 



NeuroQuantology|July2022|Volume20|Issue8|Page 9199-9227|doi:10.14704/nq.2022.20.8.NQ44941 
Adeep Kujur et al/ Optimization of Zinc Oxide Nanoparticles Biosynthesis from Morin Hydrate Using Box–Behnken Design for Enhanced 
Antioxidant and Antimicrobial Activity 

eISSN1303-5150 www.neuroquantology.com 

 

 

 
 

 
Fig. 9 Antioxidant activities of MHZnONPs as compared with ascorbic acid using the DPPH assay method. 

 

3.4. Antimicrobial Activity of Zinc Oxide 
Nanoparticles 
Figures 10 and 11 depict the outcomes of 
MHZnONP’s antimicrobial activity against four 
human bacterial pathogenic strains. Compared 
to its green-synthesized zinc oxide nanoparticles 
(MHZnONPs), pure plant-active Morin hydrate 
has reduced antimicrobial activity. The results 
showed that MHZnONPs exhibited good 
antimicrobial action against Staphylococcus 
multi drug resistance since RSM optimized 
ZnONPs of plant active Morin hydrate 
demonstrated outstanding antimicrobial. 

aureus and Bacillus subtilis, when compared with two 
other clinical pathogens. ZnONPs that have been 
optimized from Morin hydrate have a maximal zone of 
inhibition of 14 mm against Staphylococcus aureus and 
Bacillus subtilis at 10µg/ml concentration, although 
Escherichia coli and Pseudomonas aeruginosa both had a 
13 mm zone of inhibition. Zone of inhibition 
measurements are shown in Table 5. It is helpful to treat 
bacteria that have developed 
efficacy against human clinical pathogens like 
Staphylococcus aureus and Bacillus subtilis [63, 
64, 65]. 

 
 

Table 5 - In-vitro Antimicrobial Study of synthesized Morin Hydrate Zinc Oxide Nanoparticles 
(MHZnONPs) and their experimental observed responses. 
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Name of Sample 

Observed Zone of Inhibition in various pathogens (mm) 

Staphylococcus 
Aureus 

Bacillus 
Subtilis 

Escherichia 
Coli 

Pseudomonas 
Aeruginosa 

Negative Control 
(Distilled Water) 

0 0 0 0 

Dummy Zinc Oxide Nanoparticles 
as Positive Control [ Zn(NO3)2] 
(10 µg/ml) 

 
3 

 
3 

 
3 

 
3 

Pure Drug Morin Hydrate 
(10 µg/ml) 

 
6 

 
6 

 
5 

 
6 

Standard Drug 
Ampicillin (10 µg/ml) 

 
16 

 
15 

 
17 

 
16 

Morin Hydrate loaded Zinc Oxide 
nanoparticles (MHZnONPs) 
(10 µg/ml) 

 
14 

 
14 

 
13 

 
13 

 



NeuroQuantology|July2022|Volume20|Issue8|Page 9199-9227|doi:10.14704/nq.2022.20.8.NQ44941 
Adeep Kujur et al/ Optimization of Zinc Oxide Nanoparticles Biosynthesis from Morin Hydrate Using Box–Behnken Design for Enhanced 
Antioxidant and Antimicrobial Activity 

eISSN1303-5150 www.neuroquantology.com 

 

 

 

 
 

Fig. 10 Antimicrobial activity of synthesized Morin Hydrate Zinc Oxide Nanoparticles (MHZnONPs) 
against four different human bacterial pathogens. 

 
Fig. 11 Antimicrobial activity of Morin hydrate and its synthesized zinc oxide nanoparticles. 
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4. Conclusions 
Stable zinc oxide nanoparticles were 
synthesized using plant active Morin hydrate, as 
a bioreducing and capping agent as it is simple, 
cost-effective, green synthesis approach based 
biological reduction method. Newly synthesized 
zinc oxide nanoparticles were systematically 
optimized using Box-Behnken design, 
considering the effect of various independent 
variables (factors) like concentration of 
[Zn(NO3)2], incubation time and temperature on 
the responses like particle size and zeta 
potential. The ZnONPs were characterized by 
Particle size and Zeta potential, UV-visible, FT-IR 
spectrum, XRD and SEM. The synthesized zinc 
oxide nanoparticles at optimal conditions were 
found to have a spherical shape under SEM with 
particle size of around 100 nm. The mean 
particle size, z-average was found to be 90.1 
nm, with the polydispersity index value of 
0.476.  In addition, these ZnONPs were 
evaluated for antioxidant activities by DPPH 
assay method, which  revealed significant 
antioxidant activity against standard ascorbic 
acid. Furthermore, these synthesized zinc oxide 
nanoparticles showed prominent antimicrobial 
activity against four human pathogens. Lastly, 
this investigation proves that the biologically 
synthesized Morin hydrate based zinc oxide 
nanoparticles can be a better alternative as 
antioxidant and antimicrobial agent. 
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