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Abstract: 
The current effort aims to develop two different concentrations of Ipomoea pes-caprae flower 
extract as a biological source for the production of ZnO nanoparticles (ZnO NPs) in a safe and 
ecologically friendly manner. A variety of techniques were carried out to characterize the 
prepared ZnO nanoparticles, such as the MTT assay, X-ray diffraction(XRD), Fourier trans- 
form infrared spectroscopy(FTIR), UV-diffuse reflectance spectroscopy(UV-DRS), and En- 
ergy dispersive X-ray analysis (EDX). The XRD analysis revealed that the prepared ZnO na- 
noparticles exhibit a hexagonal Wurzite shape. The crystallite's size got increases from 30.3nm 
to 40.5 nm as the concentration ratio increased. At 467.95 cm-1 and 467.81 cm-1, FTIR 
spectroscopy confirms the formation of ZnO. UV-diffuse reflectance spectroscopy in- dicates 
the band gap lower from 3.05 eV and 2.92 eV as the concentration rises. FE-SEM studies were 
utilised to evaluate the obtained ZnO nanoparticles' structure, reveal nano speri- cal-shaped 
structures. According to the EDAX analysis, the produced sample solely included zinc and 
oxygen. The synthesised ZnO nanoparticle showed significant antifungal effective- ness 
against Candida tropicalis and Aspergillus niger, as well as high antibacterial perfor- mance 
over Staph albus (Gram-positive) and Vibrio cholera (Gram-negative). The MTT ex- periment 
proved that cell viability decreased as ZnO concentration increase. 
 
1) Introduction 
Nanotechnology has emerged as the newest area of study since it has applications across many 
branches of science, such as electronics, optics, biology, and material science [1]. It is defined 
as the creation, analysis, and research of materials in the nanoscale range (1- 100 nm) [2]. The 
high surface-to-volume ratio of nanoparticles is one of their distinctive characteristics, which 
adds an additional attraction to them. [3]. When compared to bigger particles of bulk materials, 
nanoparticles exhibit entirely new or better qualities. These inno- vative features result from 
variations in the size, dispersion, and shape of the particles. [4]. Metal oxide (MO) NPs are 
regarded as the foremost potential of all the types of NPs now available due to their distinct 
physical, chemical, and biological features, including solubility, chemical stability, and 
adhesiveness. [5]. Metal oxide nanoparticles (NPs) are the most com- monly employed 
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nanomaterials in biomedicine to treat a variety of diseases [6, 7]. Metal and metal oxide 
nanoparticles have garnered significant interest across various fields owing to their manifold 
advantageous properties, encompassing catalytic, optical, electrical, and mag- netic 
functionalities [8]. Among the well-established inorganic materials with antibacterial 
properties, metallic nanoparticles (NPs) and metal oxide NPs like silver, gold, copper, titani- 
um oxide, and zinc oxide (ZnO) stand out as notable examples. [9]. 
One of the metal oxide nanoparticle that has recently piqued scientific interest is zinc oxide 
[10]. ZnO is a multifunctional II-IV composite semiconductor that possesses excep- tional 
qualities such as low cost, reliability, low toxicity, thermal stability, and material avail- ability. 
The US-FDA department has designated it as a substance that is "Generally Recog- nized as 
Safe" (GRAS) [11]. ZnO's unique characteristics, such as its hardness, stiffness, and 
piezoelectric constant, demonstrate its significance as a material in the ceramics sector [12]. 
ZnO nanoparticles are a highly advanced substance that have been employed for a variety of 
useful purposes, such as antimicrobial activities, cosmetics, and wastewater treatment cataly- 
sis [13]. The synthesis of the materials is a prerequisite for any novel investigation of nano- 
particles. Currently, it is difficult to develop comprehensive studies for the preparation of ZnO 
nano materials [14] [15]. In order to prepare ZnO nanoparticles, many procedures have been 
invented, including sol-gel [16], wet chemical [17], co-precipitation [18], thermal breakdown 
[19], solid-state reaction [20], hydrothermal [21], and solvothermal approaches [22]. 
Limitations associated with these synthesis techniques include the use of toxic chemi- cals, 
pricey steps, and difficult reaction environments [23]. Furthermore, the nanoparticle 
production procedure entails the use of toxic substances as both capping and reduction agents, 
resulting in negative impacts on the environment, organisms, and plant life [24, 25]. The 
rapidly expanding recognition of environmentally friendly practises in the present culture has 
made it possible to create nanoparticles using a green approach [26]. Green synthesis is a very 
efficient method for producing nanomaterials on an extensive basis and can remove sig- 
nificant quantities of potentially dangerous chemicals [27, 28].    Natural plant extracts are rich 
in advantageous phytomolecules that serve as potent agents for reducing, stabilizing, and 
capping nanoparticles during their production. [29]. 
Plant-mediated nanoparticle manufacturing can take place both inside and outside of plant 
cells. The extracellular method involves using a plant extract made by heating and 
  
crushing the plant in a solvent or aqueous solution, whereas the intracellular approach entails 
cultivating in metal-enriched organic environments [30]. Based on earlier reports in the litera- 
ture, ZnO NPs have been biosynthesized from various types of natural- based renewable 
sources, for instance, plant extract, bacteria and yeast, are used as alternatives to replace the 
toxic chemicals [31]. Eco- friendly synthesis of ZnO NP by micro-organisms such as Lacto- 
bacillus, Bacillus subtilis and E. coli [32] and several plant extracts such as Cayratia pedata 
leaf extract [33], Loures Nobilis leaf extract [34], Hibiscus sabdariffa leaf extract [35], Aca- 
lypha indica leaf extract [36], Tecoma castanifolia leaf extract [37], Ipomoea pes-caprae leaf 
extract [38], Olea europaea leaf extract [39]. 
2) Materials and methods 
2.1) Materials 
Analytical-grade zinc nitrate hexahydrate (Zn (NO3)2•6H2O) was furnished by Sig- ma-
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Aldrich, and triple-distilled deionized water was used to prepare all aqueous solutions. The 
flowers of Ipomoea pes-caprae were employed as both a reducing and stabilising agent in the 
environmentally friendly bio-reduction synthesis of ZnO nanoparticles (NPs). 
 
2.2) Preparation of Ipomoea pes-caprae flower extract 
Ipomoea pes-caprae's fresh flowers were extensively cleansed in sterile, double- distilled water 
to get rid of the dirt. After allowing the fresh flowers to undergo a three-day period of shade 
drying, 10 grams of the resulting dried flowers were dissolved in 100 millili- ters of distilled 
water using a magnetic stirrer-heater. Subsequently, the mixture was heated within the 
temperature range of 50 to 60 degrees Celsius for a   duration of 60 minutes. Whatman No. 1 
filter paper was used for filtration in order to separate the extract. [44]. 
2.3) Green synthesis of ZnO nanoparticles 
In the process of producing ZnO nanoparticles, a gradual and drop-wise addition of 10 mL of 
Ipomoea pes-caprae flower extract was made into a 60 mL solution containing 0.1 M 
Zn(NO3)2·6H2O. The blend underwent uninterrupted stirring for a duration of 3 hours. The 
resultant solution was then centrifuged for 20 minutes at a speed of 4000 rpm. To remove any 
extra Zn (NO3)2•6H2O and any lingering organic compounds, the residue was then washed 
with deionized water. Additionally, it underwent a 3-hour drying phase in an oven set at 70°C, 
and subsequently, it was subjected to a 3-hour calcination process in a furnace at 450°C in 
order to produce ZnO nanoparticles. The resulting particles were gathered and giv- en the name 
ZnO-A. In the instance of ZnO-B samples, an identical procedure was carried out using 15 mL 
of Ipomoea pes-caprae flower extract. 
2.4) Characterization 
The powder X-ray diffraction was performed to analyse the structure of the prepared samples 
by using a Powder X-ray Diffractometer (PANalytical X’Pert PRO) with Cu-Kα ra- diation 
source (1.5406 Aº). FTIR spectral analysis (Make: Perkin Elmer), UV-Diffuse reflec- tance 
spectroscopy (Varian Cary 5000) and Raman spectroscopy [Raman Spectroscopy Agil- tron, 
USA] were used to analyse the optical properties of the prepared ZnO-A and ZnO-B. The 
morphological characteristics and elemental properties were analysed using Field emis- sion 
scanning electron microscopy (FE-SEM) (Bruker). 
 
3) Results and Discussion 
3.1) Powder X-Ray Diffraction (XRD) 
The crystalline phase and structural properties of prepared ZnO nanoparticles were examined 
by using Powder XRD analysis. The XRD image of the generated ZnO samples at two different 
concentrations is shown in Figure 1. The diffractogram shows the intensity of the diffracted 
rays as a function of diffraction angles. The XRD diffraction peaks existed at 2θ angles of 
31.9⁰, 34.6⁰, 36.4⁰, 47.8⁰, 56.7⁰, 62.9⁰, 66.5⁰, 68⁰, 69.2⁰, 72.7⁰, 76.9⁰ correspond- ing to lattice 
plane (100) (002) (101) (102) (110) (103) (200) (112) (201) (004) (202) depicts the hexagonal 
wurzite structure of ZnO per JCPDS (card no.: 89-1397) standards. The high purity as well as 
the fine crystalline nature of the prepared ZnO-A and ZnO-B samples are confirmed by the 
sharp, vivid peaks of ZnO. The XRD patterns of ZnO-A nanoparticles typi- cally show broad 
peaks. According to the literature [45, 46], the broad peak is an indication of small and fine 
NPs. The XRD patterns of ZnO-B nanoparticles typically higher crystallini- ty and sharper 
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XRD peaks. The extract concentration influences the size and the crystal struc- ture of ZnO 
nanoparticles, which in turn affects the intensity of the XRD peaks. The peak broadening can 
be reduced, indicating an increase in the degree of crystallinity of the materi- al. The ZnO 
nanoparticles' crystallite size (D) was estimated using Debye Scherrer's formula from the 
reflection peak with the highest intensity, which corresponds to the (101) planes. 

 
Where, 
• ‘λ’ is the X-ray wavelength used for diffraction, 
• ‘β’ is the Full Width Half Maximum, and 
• ‘θ’ is the Bragg’s angle. 
 
The computed crystallite size of the prepared sample ZnO-A and ZnO-B are 30.3nm and 40.5 
nm. The nanoparticles' crystallite size increases along with the increasing concentra- tion of 
Ipomoea pes-caprae flower extract. According to past studies, the ratio of concentra- tions has 
a substantial impact on the sizes and morphology of the prepared ZnO (A, B) nano- particles 
[47]. 
The produced ZnO-A and ZnO-B nanoparticle particles are recognised as having a wurzite 
hexagonal densely packed structure based on the XRD pattern. The following equa- tion was 
used to calculate the lattice constants a and c by applying the interplanner distances d and hkl 
values of the XRD pattern: 

 
The estimated lattice parameters, which are listed in table 1, closely resemble those provided 
in the typical JCPDS data. 
 

SAMPLE CRYSTALLITE 
SIZE (D) 

LATTICE 
CONSTANT 

(A) 

LATTICE 
CONSTANT 

(C) 

DISLOCATION 
DENSITY (Δ) 

 
ZNO-A 

 
40.5 nm 

 
3.23179 

 
5.18112 

 
0.000694694 

 
ZNO-B 

 
30.3 nm 

 
3.23120 

 
5.17551 

 
0.000913587 

 
Table 1. ZnO (A, B) nanoparticle structural variables. 
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Fig. 1 XRD spectra of the green synthesised ZnO nanoparticles at ZnO-A and ZnO-B. 

 
The number of dislocation in the lattice of the ZnO crystal were measured using the dislocation 
density. The measured dislocation density of the prepared ZnO-A and ZnO-B samples are also 
given in Table 1. The increase in dislocation density was observed in ZnO nanoparticles. 
 
3.2) FT-IR Analysis 
Through the use of FTIR spectroscopy, the functional group's existence in the synthe- sised 
ZnO-A and ZnO-B nanoparticles was discovered. The FTIR spectra of the produced 
  
ZnO (A, B) nanoparticles, with wavenumbers ranging from 400 cm-1 to 4000 cm-1, are shown 
in Figure 2. Moreover, it indicates that the collaborative interaction of phenolic com- pounds, 
alkynes, terpenoids, and flavonoids leads to the formation of ZnO nanoparticles. 



IPOMOEA PES-CAPRAE FLOWER EXTRACT-BASED GREEN SYNTHESIS OF PURE ZINC OXIDE NANOPARTICLES: 
ANALY- SIS OF THE STRUCTURAL, OPTICAL, MORPHOLOGICAL, AND BIOMEDICAL FEATURES 

 
607 

 
Fig. 2 FTIR spectra of the green synthesised ZnO nanoparticles at ZnO-A and ZnO-B. 

 
The broad peaks observed at 3451.73 cm-1, 3494.26 cm-1, 3481.04 cm-1, and 3494.07 cm-1 
in the spectra of both ZnO-A and ZnO-B nanoparticles are a result of the pres- ence of water 
molecules on their surfaces. These peaks correspond to O-H stretching, which is consistent 
with the characteristics of phenolic compounds. The tiny peaks detected at 2923.25 cm-1 and 
2925.46 cm-1 arise from the C-H stretching vibrations within the alkane group. The small, 
subtle peaks at 1611.26 cm-1, 1608.30 cm-1, and 1506 cm-1 can be at- tributed to the stretching 
vibrations of the C=C bonds. The IR areas of 467.95 cm-1, 467.81 cm-1, and 582.92 cm-1 
displayed the Zn-O stretching mode. These stretching mode peaks are evidence of the effective 
production of ZnO nanoparticles. The existence of bands at 3451.73 cm-1, 3494.26 cm-1, 
3481.04 cm-1, 3494.07 cm -1, 1627 cm-1, and 1506 cm -1 indicates that proteins, phenols, 
terpenoids, and flavonoids, which include functional groups like alcohols, are participating in 
bioreduction reactions. 
  
3.3) UV-Diffuse Reflectance Spectroscopy 
The optical properties of the generated ZnO-A and ZnO-B nanoparticles were investi- gated 
using the UV-DRS spectrum. Figure 3, illustrates the UV diffuse reflectance spectrums of 
prepared ZnO-A and ZnO-B nanoparticles. In the current context, the spectra of the green 
synthesised nanoparticles were examined within the wavelength range of 200 to 800 nm. 
UV-Visible Diffuse Reflectance Spectroscopy (UV-Vis DRS) offers direct evidence of the 
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light-absorbing capacity of ZnO-A and ZnO-B nanoparticles synthesized using green meth- 
ods. The ZnO-A sample fully reflects all visible light (100%), whereas the ZnO-B sample 
reflects light to a slightly lower extent (85%). 

 
Fig. 3 UV-DRS spectra of the green synthesised ZnO nanoparticles at ZnO-A and ZnO-B. 

 
The produced samples, ZnO-A and ZnO-B, show a substantial increase in the UV dif- fuse 
reflectance spectra at 390 nm and 385 nm, respectively. The produced samples' absorp- tion 
spectra were determined from the reflection data using the following Kubelka-Munk (K- M) 
function: 

 
Where R stands for reflectance. 
 
The bandgap values were calculated from the plot of the modified Kubelka-Munk function 
(F(R) E) 1/2 vs. the energy of the adsorbed light (E) using linear fits close to the ab- sorption 
edge shown in figure 4 [48–50]. ZnO-A and ZnO-B's computed band gaps were 3.05 eV and 
2.92 eV, respectively. This shows that the resulting bandgap of the synthesised ZnO 
nanoparticles is influenced by the extract's volume. [47]. These numbers are comparable to 
those that were already reported for ZnO NPs [51]. In comparison to the bulk ZnO (3.37 eV), 
the estimated band gap values of the produced ZnO-A and ZnO-B samples are smaller. This is 
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true because the blue shift in excitonic absorption favors a ZnO-A and ZnO-B samples are 
smaller little quantum confinement effect. 

 

 
Fig.4 Kubelka-Munk graph for determining the band gap of the green synthesised ZnO 

nanoparticles at ZnO-A and ZnO-B. 
As per the provided findings, the band gap values of the synthesised ZnO-A and ZnO- B 
nanoparticles decreased with an increase in the concentration of the Ipomoea pes-caprae flower 
extract. 
3.4) FE-SEM with EDAX 
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Field emission scanning electron microscopy (FE-SEM) was used to analyse the mor- phology 
of the produced ZnO-A and ZnO-B nanoparticles. Figure 5 shows the FE-SEM im- age of the 
prepared ZnO-A and ZnO-B samples. FESEM images were acquired with a magni- fication of 
200 nanometers to assess the size and structural characteristics of the nanoparti- cles. The ZnO-
A sample's FE-SEM picture reveals spherical forms with aggregation. The ZnO-B sample, in 
contrast, displays a spherical shape with less aggregation. When Ipomoea pes-caprae flower 
extract concentration is increased, the aggregation appears to decrease, maintaining the 
particles' spherical shape. The 15 mL Ipomoea pes-caprae flower extract has a sufficient 
amount of phytochemicals to successfully decrease and cap the ZnO nanoparti- cles. Based on 
the literature review [47], lower amounts of plant extract may produce larger, more 
agglomerated ZnO nanoparticles, while higher concentrations may produce smaller, more 
uniform ZnO nanoparticles. 
Energy dispersive spectroscopy of ZnO-A prepared by green synthesis method shown in the 
figure 6. Our available data offers evidence of the presence of Zn and O, as indicated by their 
respective weight percentages. The EDAX measurement only exposes the peaks of zinc and 
oxygen, proving that the manufactured ZnO nanoparticles are free of impurities. 

 

 
 
Fig. 5 FE-SEM Micrograph of the green synthesised ZnO nanoparticles at ZnO-A and ZnO-B. 
 



IPOMOEA PES-CAPRAE FLOWER EXTRACT-BASED GREEN SYNTHESIS OF PURE ZINC OXIDE NANOPARTICLES: 
ANALY- SIS OF THE STRUCTURAL, OPTICAL, MORPHOLOGICAL, AND BIOMEDICAL FEATURES 

 
611 

 
Fig. 6 EDAX image of the green synthesised ZnO nanoparticles at ZnO-A. 

 
3.5) DLS Analysis 
Dynamic light scattering, often known as DLS, is a method for determining the size and size 
distribution of nanoparticles in a fluid. Additionally, DLS can reveal details regard- ing the 
stability, aggregation, and morphology of nanoparticles. In this investigation, the DLS method 
was used to determine the size distribution and average particle size of biosyn- thesized ZnO 
NPs. The DLS spectra of the greenly synthesised nanoparticles ZnO-A and ZnO-B are shown 
in Figure 7. According to DLS spectra, the average particle sizes of ZnO- A and ZnO-B 
nanoparticles produced by green synthesis were 188 nm and 151.9 nm, respec- tively, with 
polydispersive values of 0.248 and 0.231. The agglomeration or expansion of nanoparticles as 
well as the emergence of new phases or crystalline structures are both re- sponsible for the 
alterations in the DLS spectra. 
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Fig. 7. DLS Spectra of the green synthesised ZnO nanoparticles at ZnO-A and ZnO-B. 
 
3.6) Biomedical Applications 
It is well known that all biological tissues contain a sizable amount of zinc, a crucial micro 
mineral. ZnO NPs, which are substantially less expensive and hazardous than other metal oxide 
NPs, have excellent medicinal applications in the treatment of diabetes, cancer, drug delivery, 
and other bacterial and inflammatory conditions, as well as wound healing and bio imaging. 
The biomedical applications of the green synthesised ZnO NPS were tested on the best sample 
(ZnO-A) out of the two prepared samples. 
 
3.6.1) Anti-bacterial and Anti-fungal Characterization 
The antibacterial and antifungal efficacy of the produced ZnO-A sample was evaluat- ed using 
the Kirby-Bauer disc diffusion method, also known as the Kirby-Bauer methodolo- gy. 
 
Kirby-Bauer method: 
According to the manufacturer's instructions, the medium is prepared and sterilized. Prior to 
inoculation, the plates were allowed to air-dry with their lids slightly open to ensure that no 
moisture droplets were present on the surface of the agar. The specific bacteria are touched 
with a wire loop from the agar medium, and the growth is transferred to a test tube containing 
1.5 ml of sterile, appropriate broth. To create a moderately turbid bacterial sus- pension, the 
tubes are incubated for two hours between 35°C and 37°C. On Muller-Hinton agar plates, 
bacteria were swabbed after being cultured to 0.5 McFarland standards. At room temperature, 
the agar medium was then allowed to cool and solidify in a petri dish with a depth of 3 mm. 
Sterilised forceps were employed to position the filter paper discs infused with nanoparticles 
onto the inoculated petri dishes. Each disc was filled with 20 L of that specific NP solution and 
allowed to air dry. Plates are incubated under aerobic conditions at 35–37 °C for 16–18 hours 
in the presence of meticulous microbes. The areas of inhibition around the disc were noted, and 
the corresponding diameters were calculated. The antibacte- rial and antifungal abilities of the 
ZnO-A sample were examined three times for the best re- sults. 

 
Fig. 8 Antibacterial study of ZnO-A NPs illustrating an area of inhibition of the growth of 

(A) Vibrio cholera and (B) Staph albus. 
  
Figure 8, depicts the green synthesiszed ZnO-A nanoparticles' growth and inhibition against 
pathogenic bacteria using Kirby-Bauer disk diffusion method. The Gram-positive Staph albus 
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and the Gram-negative Vibrio cholera were used as targets for the ZnO-A nano- particles' 
antibacterial activity. Drug Amikacin used as a positive control for the comparison of ZnO 
NPs. The zone of inhibition of ZnO-A NPs was observed for 20mm in Vibrio Chol- erae and 
21mm in Staph albus.On the other hand the positive control Amikacin showed the radius of the 
zone of inhibition of 19mm and 17mm against Vibrio Cholerae(Gram negative) and Staph 
albus(Gram positive). 
The produced ZnO-A NPs showed antibacterial action towards both types of bacteria. How- 
ever, it worked better on Gram-positive bacteria than it did on Gram-negative ones [55-57]. In 
contrast to gram-positive bacteria, gram-negative bacteria have an additional outer mem- brane 
made of Lipopoly saccharides (LP). LPS has been found to improve the outer mem- brane’s 
barrier capabilities, increasing bacterial resistance in general and antibiotic resistance in 
particular [58]. Antibacterial activity of flower extracts might be due to the presence of 
chemical constitutions in the extracts [59]. Moreover, the synthesized ZnO-NPs of bioflavo- 
noid rutin displayed moderate antibacterial activity [60]. 

BACTERIA INHIBITION ZONE CONTROL 

 
VIBRIO CHOLERAE 

 
20mm 

 
19mm 

 
STAPH ALBUS 

 
21mm 

 
17mm 

Table 2. ZnO-A NPs' antibacterial performance values against Staph albus and Vibrio cholera. 
  
  

 
Fig. 9 Antifungal study of ZnO-A NPs illustrating an area of inhibition of the growth of 

(A) Candida tropicalis, (B) Aspergillus niger. 
The green synthesiszed ZnO-A nanoparticles' antifungal potential using Kirby-Bauer disk 
diffusion method was shown in the Figure 9. The produced ZnO-A NPs' antifungal properties 
were tested using the fungi Aspergillus niger and Candida tropicalis. Drug Nysta- tin used as a 
positive control for the comparison of ZnO NPs. The anti-biotic inhibition was measured as 
18mm for both Aspergillus niger and Candida tropicalis fungus,in the mean while the positive 
control Nystatin showed the radius of the zone of inhibition of 16mm re- spectively . On the 
basis of the results it was determined that the ZnO-A nanoparticle signifi- cantly inhibited the 
growth of the fungus Candida tropicalis, and Aspergillus niger. 
 



 

 

Semiconductor Optoelectronics, Vol. 42 No. 02 (2023) 
https://bdtgd.cn/ 

614 

FUNGUS INHIBITION ZONE CONTROL 

 
CANDIDA TROPICALIS 

 
18mm 

 
16mm 

 
ASPERGILLUS NIGER 

 
18mm 

 
16mm 

 
Table 3. Antifungal measurements of ZnO-A NPs Candida tropicalis and Aspergillus niger. 
  
ZnO NPs produced through the green synthesis method exhibit higher effectiveness compared 
to other preparation methods. This could be attributed to the release of oxygen spe- cies on the 
surface of ZnO, leading to lethal damage to microorganisms [61]. The prior re- search [62] 
demonstrated that the process of antifungal activity resembled the process of an- tibacterial 
activity, wherein the presence of greenly produced ZnO nanoparticles and reactive oxygen 
species (ROS) may be responsible for the rupture of fungal and bacterial cell mem- branes and 
the inhibition of cell development. According to the literature, it has been ob- served that ZnO 
is unstable in a solution, and its decomposition can lead to the production of H2O2. As ZnO 
decomposes, there is an increase in the concentration of Zn2+ ions. [63-65]. 
The cell is harmed by this process in a variety of ways, including DNA damage, protein dena- 
turation, cellular respiration problems, cell membrane damage, and more. 
 
3.6.2) MTT Assay study 
The MTT test measures cell viability, proliferation, and cytotoxicity by measuring cellular 
metabolic activity. A yellow tetrazolium salt (3-(4, 5-dimethylthiazol-2-yl)-2, 5- 
diphenyltetrazolium bromide, or MTT) is transformed into purple formazan crystals in this 
colorimetric assay by metabolically active cells. 
After being plated on 96-well plates with SKMEL (2500 cells per well), the cells were given 
24 hours to acclimatise to the incubator's 37 °C and 5% CO2 growth conditions. The test 
specimens were created in DMEM medium (100 mg/mL), and a 0.2 m Millipore syringe filter 
was used to sterilise the filter. Following another DMEM media dilution, the samples were 
added to the wells containing the growing cells at the desired concentrations of 6.25, 12.5, 25, 
50, and 100 g/mL, respectively. Wells that hadn't been treated served as the benchmark. 
Each experiment was run three times, and the average findings were used to eliminate 
inaccuracies. When the test samples were applied, the plates underwent another round of in- 
cubation for another 24 hours. The wells' media were aspirated after the incubation period and 
frequently thrown out. Every single well was filled with 100 L of a PBS solution that in- cluded 
0.5 mg/mL MTT. Formazan crystals were then produced by leaving the plates in the reaction 
for two more hours. Each well received 100 L of 100% DMSO after the supernatant was 
removed. A microplate reader was used to determine the absorbance at 570 nm. The formula 
used to express cell viability is given below: 
 
 
  



IPOMOEA PES-CAPRAE FLOWER EXTRACT-BASED GREEN SYNTHESIS OF PURE ZINC OXIDE NANOPARTICLES: 
ANALY- SIS OF THE STRUCTURAL, OPTICAL, MORPHOLOGICAL, AND BIOMEDICAL FEATURES 

 
615 

 
 

SAMPLES TRIPLICATE 1 TRIPLICATE 2 TRIPLICATE 3 AVERAGE 

 
CONTROL 

 
0.677 

 
0.671 

 
0.656 

 
0.668 

 
6.25 

 
0.633 

 
0.625 

 
0.617 

 
0.625 

 
12.5 

 
0.584 

 
0.571 

 
0.565 

 
0.573 

 
25 

 
0.495 

 
0.486 

 
0.477 

 
0.486 

 
50 

 
0.395 

 
0.416 

 
0.407 

 
0.406 

 
100 

 
0.298 

 
0.309 

 
0.315 

 
0.307 

CONCENTRATION 
(µG/ML) 

PERCENTAGE OF 
VIABILITY 

IC 50 

 
6.25 

 
93.56 

 
12.5 

 
85.82 

 
25 

 
72.75 

 
50 

 
60.77 

 
100 

 
46 

 
84.17 

  

Table 4. MTT assay readings of various cell viability percentages versus various 
Concentrations 
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Fig. 10 Cell viability of SKMEL cancer cells with different concentrations of 6.25(A), 

12.5(B), 25(C), 50(D), 100(D) µg/mL and control (F) of the ZnO-A sample. 
  

 
Fig. 11 MTT assay plot showing various percentages of cell viability versus various con- 

centrations. 
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The half-maximum inhibitory concentration of the sample is known as the IC50 val- ue. The 
IC50 value of ZnO nanoparticles was determined to be 84.17 g/ml. The viability of cells 
decreased with increasing ZnO nanoparticle concentration, is shown in figure 10 as well as in 
the above MTT assay result in figure 11. The alkaloids and flavonoids in the flower ex- tract 
from Ipomoea pes-caprae may be responsible for the anticancer action [44]. From Ac- cording 
to our investigation, modest concentrations of ZnO NP had no impact on cell viabil- ity. Our 
research established the safety of ZnO NP at low concentrations in medical applica- tions. 
 
4) Conclusion 
The eco-friendly green synthesis method was used to create the ZnO nanoparticle from two 
different concentration ratios of Ipomoea pes-caprae flower extract as a biological source. The 
resulting nanoparticles' structural, optical, and biological application features were studied. The 
produced ZnO (A, B) sample has a hexagonal wurzite structure, according to XRD 
measurements. Debye-Scherrer's equation was used to estimate the produced nano- particles' 
crystallite sizes, which were found to be between 30.3nm and 40.5nm. At 467.95 cm-1 and 
467.81 cm-1, FTIR spectroscopy shows the existence of ZnO. UV-diffuse reflec- tance 
spectroscopy shows that the band gap decreases with increasing concentration from 3.5 eV to 
2.92 eV of Ipomoea pes-caprae flower extract. FESEM studies revealed the form of the 
produced ZnO nanoparticles. The DLS spectra analysis was used to determine the ZnO-A and 
ZnO-B nanoparticles' average particle sizes, as 188 nm and 151.9 nm with polydispersive 
values of 0.248 and 0.231. The prepared sample, which contains only zinc and oxygen, is ver- 
ified by an EDAX analysis. The prepared ZnO nanoparticle demonstrated excellent antibacte- 
rial activity against Staph albus (Gram-positive) in comparison to Vibrio cholera (Gram nega- 
tive), as well as significant antifungal activity against Candida tropicalis and Aspergillus ni- 
ger. The MTT assay proves that cell viability decreased as ZnO concentration increased, and 
the ZnO NP is safe in medical applications at low doses. 
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