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	 Selenium nanomaterials (Nano-Se) are new selenium sources with excellent 
biocompatibility, degradability, and bioactivities. The objective of the present study is the 
green synthesis of selenium nanoparticles (SeNPs) using Diospyros montana Roxb (DM) bark 
extract, its characterization, and evaluation for in-vitro antioxidant, antibacterial and anticancer 
activities. To synthesize Diospyros montana- selenium nanoparticles (DM-SeNPs), selenious 
acid (H2SeO3) was reduced using D. montana extract via precipitation technique. UV-Vis, FTIR, 
XRD, SEM, EDAX, and ICP-AES were used to characterize DM-SeNPs. The DPPH free radical 
scavenging assay and reducing power capacity were used to test DM-SeNP for antioxidant 
activity. The antibacterial properties of the DM-SeNP were tested using the well diffusion method 
against gram-positive and gram-negative microorganisms. DM-SeNPs were also subjected to 
antiproliferative activity using MTT assay via MCF-7 cell line. A peak in UV at 289 nm validated 
the synthesis of DM-SeNPs. According to DLS, SEM, and TEM images, the size of DM-SeNPs 
was between 100-150 nm. XRD analysis confirmed the crystallinity of DM-SeNPs. Selenium 
was verified in colloidal dispersion using EDAX analysis, and ICP-AES confirmed selenium 
content 63.45 ±18.3 µg/mL in DM-SeNP. The IC50 24.72 ± 0.63 µg/mL and EC50 46.30 ± 0.21 
µg/mL values indicated that the DM-SeNPs had a good antioxidant capacity. DM-SeNPs showed 
comparative better antibacterial potential. The inhibition zones were found to be the highest 
for E. coli (48.00 mm), B. subtilis (44.14 mm), Klebsiella pneumonia (36.20 mm), and S. aureus 
(34.16mm), respectively. Antiproliferative activity was carried out, which showed DM-SeNPs 
were cytotoxic to breast cancer cells line (MCF-7). The IC50 values for DM-SeNPs were found to 
be 38.19 ± 0.27 µg/mL and Doxorubicin 6.41 ± 0.09 µg/mL, respectively. The study suggests that 
DM-SeNPs display moderate cytotoxicity that could dose-dependently inhibit cell proliferation. 
Thus, experimental evidence provides insight into selenium nanoparticle synthesis, its potential 
therapeutic value, and the prospect of developing a formulation containing DM-SeNPs.

Keywords: Antioxidant; Antibacterial; Antiproliferative activity; 
Diospyros montana; Green Synthesis; Selenium nanoparticles.

	 Nanotechnology has evolved into a 
promising technology in the twenty-first century, 
allowing the fabrication of nanoscale structures 
with superior capabilities1. These size-dependent 

capabilities give nanostructures an advantage 
over bulky materials in catalysis, electronics, 
biomedicals, therapeutics, and biosensing 2. 
Nanoparticles have been the focal point of attention 
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in therapeutics and medicine, owing to rapid 
advances in nanotechnology3; Nanomedicine is a 
term that describes the usage of nanotechnology in 
disease detection, diagnosis, and treatment. This 
new field has shown the revolutionary potential 
of current diagnostics and treatment practices4, 

5. Green nanotechnology aims for a broad range 
of scientific goods and processes that are highly 
safe, energy-efficient, waste-free, and significantly 
reduce greenhouse gas emissions6. Green source-
mediated synthesis allows for finely controlled 
nanoparticle size and shape, as plants serve as 
stabilizing and reducing agents7. Additionally, 
the therapeutic effect of biogenic nanoparticles is 
more significant than that of chemically produced 
nanoparticles8, 9. 
	 Selenium nanomaterials (Nano-Se) 
are new selenium sources with superior in-
vivo bioavailability while minimizing the risk 
of selenium toxicity10. Selenium nanoparticles 
(SeNPs) have shown much more excellent 
biocompatibility and degradability in-vivo than 
metals of great worth, such as silver, gold, and 
platinum. Se in various nanoforms has also shown 
lesser toxicity and higher antioxidant and antitumor 
potential than organic and inorganic selenium 
types11, 12. The activity of glutathione peroxidase 
(GSH-Px) and thioredoxin reductase is increased 
by nano-selenium with low toxicity and high 
antioxidant activity. As a result, nanoparticles may 
be helpful because the nanoparticle size affects 
biological activity13, 14. Size-dependent binding 
of free radicals is possible with SeNPs varying 
in size from 5 to 200 nm. Chemical reduction is 
the most prevalent method for obtaining selenium 
nanoparticles in various ways15. In the fabrication 
of SeNPs, the green chemistry of synthetic 
methodologies using biological processes such as 
enzymes, microbes, and plant extracts plays a vital 
role16. Phytoextracts in the fabrication of SeNPs are 
the most environmentally friendly alternative to 
the current chemical and physical methods17. This 
technique is applied to reduce toxicity and generate 
green chemistry. The principal phytochemicals 
utilized to fabricate SeNPs are flavonoids, tannins, 
aldehydes, ketones, terpenoids, carboxylic acids, 
alkaloids, and quinones. The fast conversion of 
selenium ions to SeNPs is caused by reducing 
water-soluble phytochemicals like flavones, 
tannins, quinones, and organic acids18.  

	 Diospyros montana Roxb. (D. montana) 
is a member of the Ebenaceae family19. The 
phytochemical analysis of D. montana bark extract 
revealed the presence of steroids, naphthoquinones, 
triterpenes, polyphenols, and flavonoids20. In the 
past, the D. montana plant has been utilized as an 
anti-inflammatory, antiviral, anticancer, inhibitor 
of prostaglandin production, hypolipidemic, and 
antileukemic agent 21. D. montana bark extract 
contains a bisnaphthoquinonoid compound called 
diospyrin, which serves as a tumor inhibitor22. D. 
montana is a suitable plant for the green synthesis 
of SeNPs due to its potential components23. As a 
result, this research is projected to rationalize the 
fabrication of DM-SeNPs using phytoconstituents 
from D. montana bark extract. Thus, it was 
hypothesized to synthesize the Diospyros 
montana- selenium nanoparticles DM-SeNPs 
and characterize them using various techniques, 
including Ultraviolet-visible spectroscopy (UV), 
Fourier-transform infrared spectroscopy (FT-IR), 
Scanning electron microscope (SEM), Dynamic 
Light Scattering (DLS), Zeta Potential (ZP), 
X-ray diffraction (XRD), Energy-dispersive 
X-ray analysis (EDX), Transmission Electron 
Microscopy (TEM), and Inductively coupled 
plasma atomic emission spectroscopy (ICP-
AES). Further, these fabricated SeNPs have also 
been studied for antioxidant, antimicrobial, and 
anticancer activity.

MATERIALS AND METHOD 

Chemicals and Reagents
	 Selenious acid (H2SeO3) was procured 
from Sigma-Aldrich Chemicals, India. The 
2,2-diphenyl-1-picryl hydrazyl (DPPH), gallic 
acid, phenol reagent (Folin & Ciocalteu’s), sodium 
nitrate, aluminum chloride, sodium carbonate, 
trichloroacetic acid, ferric chloride, and potassium 
ferricyanide were acquired from Loba Chemicals 
in India. Throughout the experiment, deionized 
and sterile distilled water only was used. All the 
remaining compounds in this analysis were of 
analytical grade. 
Plant collection and authentication
	 Fresh D. montana bark was collected from 
Palghar’s local contentment area. Dr. Jayananda 
Tosh, Senior Botanist, Research Guide SDSMS, 
College, Palghar, identified and authenticated the 
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plant sample. A sample specimen (V.C./154/2019-
20) is deposited in the Pharmacognosy Department 
at Principal K. M. Kundnani College of Pharmacy, 
Mumbai, Maharashtra.

EXPERIMENTAL 

Plant Extract Preparation and Qualitative 
Phytochemical Screening 
	 To eliminate dust particles from D. 
montana (DM) bark, they were rinsed with 
deionized water and dried in the shade. Separately, 
20 g of dried bark was ground and placed in a 500 
mL deionized water beaker. For 15 minutes, the 
aqueous solution was heated till it turned brown. 
After complete extraction, the brown mixture was 
allowed to cool to room temperature; it was then 
filtered using a Whatman No. 1 filter paper and 
centrifuged for 5 minutes at 1500rpm24. A portion 
of the crude extract was suspended in water and 
qualitatively screened for phytochemicals to 
determine the presence of bioactive components25.
Quantitative Phytochemical Screening
Total Phenol Content
	 The phenolic content of the DM bark 
extract was estimated with the help of a UV-Vis 
spectrophotometer (Shimadzu UV -1900i) method 
with phenol reagent (Folin and Ciocalteu’s) at an 
absorbance of 725 nm26. Gallic acid was compared 
to phenolic compounds, and the results are stated 
as mg of gallic acid equivalents per mg of DM bark 
extract (mg Gallic acid equivalent/g).
Total Flavonoid Content
	 The aluminium chloride method was used 
to determine the flavonoid content of DM bark 
extract at an absorbance of 510 nm. The flavonoids 
in the aqueous extract were calculated to be the 
same as quercetin (g/mg). The result is expressed as 
mg of quercetin equivalents per gram of DM bark 
extract (mg Quercetin /g) as a reference flavonoid 
component for comparison27. 
Total Tannin Contents
	 The tannin concentration of DM bark 
extract was estimated by the method of Price 
and Butler with various modifications. A 3.0 mL 
sample, 3.0 mL vanillin (4 percent) in methanol, 
and 1.5 mL con. HCl was combined and incubated 
for 10 minutes in the dark. The tannin content 
of the samples was then determined using a UV 
Spectrophotometer set at 500 nm. Results are 

presented as mg Catechin /g equivalent28.
Synthesis of Diospyros montana Selenium 
nanoparticles (DM-SeNPs)
	 For fabrication of DM-SeNPs, a 300 mM 
selenious acid solution was prepared and agitated 
for 10 minutes. An aqueous DM bark extract of 
10mL was added dropwise with steady stirring. 
Then 2 mL of 400 mM ascorbic acid was added 
to help the reduction reaction start. The mixture 
was incubated at room temperature for 24 hours. 
The noticeable change in the reaction mixture’s 
colour signified the synthesis’s completion. UV 
spectroscopy was utilized to investigate the 
reaction mixture at the during the incubation 
period. A centrifuge (Remi C-854/8) was used to 
centrifuge the reaction mixture for 20 minutes at 
35,00 rpm. When the reaction finished, the pellet 
was treated with deionized water and ethanol 
before being dried overnight. The PBS (pH 7.4) 
was added and centrifuged with ultrasonication for 
suspending red DM-SeNPs. The powdered product 
was maintained at 4-5°C and used for subsequent 
analysis23, 29.
Characterization of DM-SeNPs  
	 The bio-reduction of selenious acid by 
DM bark extract was monitored using the colour 
of the reaction mixture. After synthesising the 
brick-red selenium nanoparticles, the absorbance 
was determined at wavelengths ranging from 200 to 
600 nm using a UV spectrophotometer (Shimadzu 
UV-1900i). The FT-IR spectra of DM bark extract 
and DM-SeNPs were determined at wavelengths 
ranging from 4000–600 cm-1; numerous reducing 
and stabilizing functional groups of DM aqueous 
bark extract were identified, as well as their 
involvement in the production of DM-SeNPs, 
utilizing a Jasco FT/IR-4600 spectrometer linked 
to a single ATR accessory (Jasco ATR PRO 
ONE). XRD (Model-D8 Advanced, BRUKER., 
and Germany) analysis was used to assess the 
crystallinity of the DM-SeNPs. SEM analysis 
was carried out to investigate the shape, surface 
topology, and morphology of the produced 
DM-SeNPs. EDAX determined the elemental 
composition of DM-SeNPs. A scanning electron 
microscope (Jeol 6390LA) was equipped with an 
EDX Detector OXFORD XMXN apparatus. 
	 The purity and elemental composition 
of the sample were determined using the atom 
percentage of metal in the EDAX analysis. The 
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size distribution and average diameter of the 
DM-SeNPs were determined using DLS and zeta 
potential measurements. The size distribution of 
DM-SeNPs was determined using a Zetasizer Nano 
Series (Malvern Pananalytical Ltd., Malvern, UK). 
The hydrodynamic size of particles was determined 
using DLS by focussing monochromatic light 
on the solution, causing a Doppler shift. A 
wavelength shift occurs when a laser beam strike 
moving particles and scatters the light at an 
angle. Scattering light angle is inversely related 
to particle size. Zeta potential was measured to 
calculate the surface charge of the DM-SeNPs. 
ICP-AES (SPECTRO ARCOS, Germany) was 
used to determine selenium levels at the ppm-
level qualitatively. A calibration curve for known 
selenium was created using a standard (Se) solution 
at 242.80 nm, and the selenium concentration 
of DM-SeNPs was calculated. Three replicate 
experiments were carried out, and the mean (ppm) 
standard deviation was determined. 
Antioxidant Activity
DPPH radical scavenging activity
	 The DPPH free radical scavenging 
capability of DM bark extract, DM-SeNPs, 
Selenium (Se), and Standard Ascorbic acid (AA) 
was tested at concentrations of 10 to 100 µg/mL. 
To each 1 mL of the test solution, 2 mL of DPPH 
reagent was added and incubated in the dark for 10 
minutes. The absorbance at 517 nm was determined 
using a UV spectrophotometer (Shimadzu UV-
1900i). The reaction mixture was left without 
DM-SeNPs as a control, and ascorbic acid was 
utilized as a positive control30, 31. The free radical 
scavenger activity of DPPH was computed using 
the method below: 
% RSA= [(A – B) / A] x 100,
	 Where A is the absorbance of the DPPH 
and B is the absorbance of DM-SeNPs
Reducing power activity
	 The various concentrations (0.2, 0.4, 0.6, 
0.8,1.0 µg/mL) of DM bark extract, DM-SeNPs, 
Se, and standard AA were analyzed by reducing 
Fe3+ to Fe2+ ions. For the reducing power assay, 
the absorbance was measured at 700 nm using a 
UV–Vis spectrophotometer (Shimadzu UV-1900i), 
and ascorbic acid was used as a positive control 32, 

33.
Antibacterial Activity
	 The well diffusion technique was used 

to access the antibacterial activity. This study 
utilized two Gram-positive bacterial strains 
(Bacillus subtilis and Staphylococcus aureus) and 
two Gram-negative bacterial strains (Escherichia 
coli and Klebsiella pneumoniae). Bacterial strains 
were acquired from the CSIR-Institute of Microbial 
Technology’s Microbial Type Culture Collection 
(MTCC) and Gene Bank in Chandigarh, India. 
Muller Hinton agar was produced, sanitized, and 
aseptically transferred to Petri plates. The media 
Petri plates were allowed to set and then placed 
in an incubator overnight to ensure that they were 
free of contamination. After that, test organisms 
were inoculated onto the Petri plates, and wells 
were bored for loading test samples34. To determine 
antibacterial susceptibility, each well was treated 
with 20µg/mL and 40µg/ mL dose of DM-SeNPs, 
a positive Control (Ciprofloxacin 1mg/ mL), and a 
negative Control as Dimethyl sulfoxide (DMSO)35. 
The Hi-media scale was used to quantify inhibitory 
zones after 24 hours of incubation at 37°C. All 
experiments were replicated three times, and the 
mean and standard deviation was calculated. 
Antiproliferative Activity
	 The 3-[4,5-dimethylthiazol-2-yl]-2,5 
diphenyl tetrazolium bromide (MTT) assay was 
performed to determine the antiproliferative 
activity of DM bark extract, DM-SeNPs, Se, and 
Doxorubicin as the Control Drug. NCCS, Pune, 
India, provided the Human Breast cancer cell line 
(MCF-7). The cells were grown in Dulbecco’s 
Modified Eagle Medium (DMEM) high glucose 
medium supplemented with 10% FBS and 1% 
antibiotic-antimycotic solution in a CO2 incubator 
at a temperature of 37°C and sub-cultured every 
two days. The MTT test was used to investigate the 
proliferation and cytotoxicity of DM-SeNPs. Cell 
growth and cytotoxic activities were determined 
using a colorimetric test. This test is based on 
reducing the yellow-coloured tetrazolium dye 
MTT to formazan crystals in water. This generates 
a purple colour upon solubilization in a suitable 
solvent; the intensity of the colour is related to the 
quantity of live cells, which may be determined 
spectrophotometrically at 570 nm36-38. Without 
the test agent, cell culture plates were seeded 
with 200µL cell suspension at the appropriate 
cell density on a 96-well plate (20,000 cells per 
well). After that, cells were allowed to grow for 
24 hours. Plates were loaded with appropriate 
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amounts of DM bark extract (DM), DM-SeNPs, 
and standard doxorubicin. For 24 hours, the plates 
were incubated at 37°C in a 5% CO2 environment. 
Following incubation, MTT was added at a final 
concentration of 0.5 mg/mL of total liquid. The 
plates were then wrapped in aluminium foil to 
prevent light exposure and incubated for 3 hours. 
Subsequently, the MTT reagent was removed, 
and 100µL DMSO was added. Moderate swirling 
in a gyratory shaker accelerated the dissolution 
of MTT formazan crystals and entirely dissolved 
them. The absorbance was determined using a 
UV spectrophotometer at reference wavelengths 
570 nm and 630 nm. The half-maximal inhibitory 
concentration (IC50) was determined using a linear 
regression method. 
i.e., Y =Mx+C. 
	 Where Y = 50, M and C values are derived 
from the cell viability graph.

RESULTS AND DISCUSSION

Qualitative Phytochemical Screening 
	 The qualitative phytochemical screening 
of DM bark extract is summarised in table 1. The 
phytochemical screening specified important 
active phytomolecules such as tannins, terpenoids, 
saponins, polyphenols, and flavonoids. The 

DM bark extract contains a high concentration 
of tannins, flavonoids, and phenolics, reducing 
functional groups39, 40. Several phenolics and 
flavonoids include numerous hydroxyl (-OH) 
groups capable of chelating metal ions by 
forming a stable complex between the multiple 
hydroxyl (-OH) groups and the carbonyl moiety. 
These functional groups may aid in the reduction 
of selenious acid to selenium nanoparticles41. 
Biomolecules may function as a biocatalyst during 
the nanomaterials production process. Thus, using 
plants in the synthesis process minimizes hazardous 
chemicals and results in an eco-friendly synthesis 
of nanoparticles NPs.
Quantitative Phytochemical Screening 
	 D. montana bark extract showed a 
substantial amount of phenolics, flavonoids, 
and tannins contents depicted in table 2. These 
critical phytoconstituents may be a valuable 
source of reducing and capping agents. The tannin 
concentration of the extract is high, which aids in 
stabilizing the metal nanoparticles; due to the tannin 
compounds, it imparts electron-donating capacity 
and capping characteristics42. The green synthesis 
of metal nanoparticles by plants via phytochemicals 
may be a marker of their antioxidant capacity 
owing to the bioactive molecules that have been 
accumulated on their surface.

Table 1. Qualitative Phytochemical Screening of D. montana bark extract

Phytoconstituents	 Test 	 Conclusion

Alkaloids	 Dragendroff’s test	 +
Flavonoids	 Shinoda test	 +
Glycosides	 Keller-Killiani test	 +
Phenolics & Tannins	 5% FeCl3 Test	 ++
Saponins	 Foam test	 ++
Steroids & Triterpenoids	 Liebermann-Burchard’s testSalkowski reaction	 ++

+: Present in low concentration; ++: Present in high concentration.

Table 2. Quantitative Phytochemical Screening of D. 
montana bark extract

Sr. No	 Phytoconstituents	 Content (mg/g)

1.	 Total Phenolics contents	 132.31±2.81
2.	 Total Flavonoid contents	 53.17±1.36
3.	 Total Tannins contents	 65.52±0.39

Results are expressed as mean ± S.D. (n = 3).

Synthesis of D. montana Selenium Nanoparticles 
(DM-SeNPs)
	 The SeNPs were successfully synthesized 
from D. montana bark extract. Initially, the 
selenious acid solution was colourless, which 
turned into ruby red after adding D. montana bark 
extract and ascorbic acid as reaction initiator, as 
shown in Figure 1. The colour changes to ruby 
red is due to the synthesis of DM-SeNPs, which 
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Fig. 1. The visual analysis of the green synthesis of Diospyros montana Selenium Nanoparticles

Fig. 2. A) UV-Visible spectra of Diospyros montana bark extract and Diospyros 
montana Selenium Nanoparticles and Selenious acid

is visually noted after 2 hrs. The ruby-red solution 
formed due to the excitation of the surface plasmon 
resonance and indicated the reduction of selenious 
acid into elemental selenium. At applied synthesis 
conditions, synthesized nanoparticulate dispersion 
was constantly stirred for 3 h at 30°C in the dark. 
After the complete reaction, the pellet was rinsed 
three times with deionized water and then three 
times with ethanol before being dried overnight at 
the optimum temperature in an oven. Synthesized 
DM-SeNPs were then characterized using UV, 
FT-IR, SEM, DLS, ZP, XRD, EDX, TEM, and 
ICP-AES.

UV-Visible Spectroscopic analysis 
	 To determine the kinetic behaviors, 
DM-SeNPs were characterized using a UV-Vis 
spectrophotometer (Shimadzu UV -1900i). The 
synthesized DM-SeNPs were confirmed over a 
range of 200–800 nm using UV spectroscopy. UV 
spectroscopy revealed the formation of selenium 
nanoparticles after adding the selenious acid 
solution to the D. montana extract; it changed the 
colour of the extract from yellow to slightly red, 
confirming the formation of selenium nanoparticles. 
The colour shift indicated the conversion of 
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Fig. 2. B) UV-Visible spectra showing the stability of Diospyros montana 
Selenium Nanoparticles

selenium ions to nano-selenium during the reaction 
with ascorbic acid. The most readily apparent 
aspect of nanoparticles is their colour change as 
they grow in size. Thus, as the size of synthesized 
particle changes, the particle colour changes display 
absorption in the visible area of the spectrum, as 
observed by Angamuthu et al. 43. The extracts and 
resultant Se-NPs colour were determined using a 
UV-Vis spectrophotometer. A band at 255 nm was 
seen in the aqueous extract of D. montana bark. 
A strong absorbance (ëmax) at 285 nm confirmed 
the Synthesis of DM-SeNPs (Figure 2A-B). This 
absorbance measurement (ëmax) confirms that 
the DM-SeNPs were synthesized entirely from D. 
montana bark phytoconstituents. The absence of 
any other peak in the DM-SeNPs indicated that 
the synthesized nanoparticles were made entirely 
of pure selenium.
	 UV spectroscopy is a function of SeNPs’ 
surface plasmon resonance (SPR). Alhawit A 44 
reported that the Surface Plasmon Resonance 
(SPR) is owing to the synthesis of SeNPs, which 
results in a maximal absorption between 200 and 
400 nm. The UV spectra were taken at 1, 5, 10, 15, 
and 30-day intervals following room temperature 
storage to test the stability of the synthesized DM-
SeNPs. The progression of UV spectra is illustrated 
in Figure 2(B). During the four weeks, there was no 
discernible change in peak position. The reduction 

in intensity reflects a rise in the concentration 
of Se-NPs and the attainment of the stable 
absorbance peak. The fact that the absorbance peak 
remains stable means that no additional particles 
agglomerate. After 12 days, the significant change 
in peak maxima and shape is most likely owing 
to deformation mechanisms such as nanosurface 
oxidation. These spectra demonstrate that a solution 
of Se-NPs is stable for about a month. 
Fourier transform-infrared spectroscopy (FT-
IR) Analysis
	 The functional groups in DM bark 
extract were identified using FT-IR spectroscopy. 
They effectively reduced Se ions to SeNPs and 
capped the phyto-reduced SeNPs. The FT-IR 
spectra of DM-SeNPs demonstrate various 
capping phytomolecules on the surface of the 
SeNPs, illustrated in Figure 3. In these spectra, 
the absorption peak at 3291 cm-1 has been shifted 
to 3385 cm-1; a new peak at 1584 cm-1 has been 
observed in synthesized DM-SeNPs. The peaks 
at 1687, 1514, and 1210 cm-1 shifted to 1736, 
1544, and 1214 cm-1, respectively. Additionally, 
it established the existence of a unique absorption 
peak at different wavenumbers in the fingerprint 
area. e.g., 865,733, 708, 628, and 615cm-1. The 
shift in the peak position of about 3,400cm-1 shows 
that selenium nanoparticles were synthesized 
by reducing the carbonyl groups from DM bark 
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Fig. 3. Fourier transform-infrared Spectrum of Diospyros montana bark extract and Diospyros montana Selenium 
Nanoparticles

extract. Abhijeet et al.45 noted similar shifts and 
development of peaks at 2,922 and 2,965 cm-1, 
indicating that C-H (SP3 hybridized) and O-H 
(of acid origin) groups in DM bark extract were 
involved in particle formation. With an increase 
in height, the peak at 1,687 cm-1 was displaced to 

1,736 cm-1. A broad vibration peak in DM-SeNPs 
at 3385.42 cm-1 corresponds to the O–H stretch of 
alcohols and phenols groups was also reported by 
Cittrarasu et al. 46. The absorption peak at 2965 and 
2916 cm-1 is a characteristic of C-H stretch alkynes 
47. The band at 1516 cm-1 results from asymmetric 
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Fig. 4. X-Ray Diffraction pattern of Diospyros montana Selenium Nanoparticles

Fig. 5. Scanning Electron Microscopic image indicating the size of Diospyros montana Selenium Nanoparticles

stretch nitro compounds composed of N-O 48. The 
strong band at 1441 cm-1 is due to Alkanes’ C-H 
bending stretching (in the ring) of aromatics. A 
peak at 1214 cm-1 indicates secondary-OH bending. 
In the low wavenumber area, a strong band at 
1034 cm-1 indicates the superposition of in-plane 
C-H bending and the distinctive Se-O stretching 
vibration49. At 668 and 465cm-1, further bending 
vibrations of the Se-O bond are accentuated. The 

finding reveals that the phytoextract containing 
functional groups can assist the process of 
nanoparticle reduction and stability of the SeNPs 
50.
X-Ray Diffraction (XRD) Analysis
	 The XRD pattern revealed the amorphous 
nature of the synthesized DM-SeNPs. The X-ray 
diffraction pattern is depicted in Figure 4. which 
indicates that DM-SeNPs are amorphous. The 
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Fig. 6. Energy-Dispersive X-ray Spectrum of Diospyros montana Selenium Nanoparticles

Fig. 7. Transmission Electron Microscopy images of Diospyros montana Selenium Nanoparticles

X-Ray pattern reveals a broad peak devoid of 
sharp Bragg’s peaks. As a result, it postulates 
that DM-SeNPs are synthesized in an amorphous 
state, which refers to the previous reports of Gunti 
et al. 51. The XRD spectrum of DM-SeNPs and 
their counterparts is identical to that of ordinary 
selenium powder, confirming the nanoparticle 
synthesis. The lattice constants calculated are a 
= 4.363 A ° and c = 4.952 A°, in accordance with 
the value derived from the literature (JCPDS File 

No.06-0362) 52 53. Scherrer’s equation was used to 
determine the crystallite size of DM-SeNPs, which 
was found to be 140 nm. 
Scanning Electron Microscopic Analysis (SEM) 
Analysis
	 SEM was used to characterize the 
morphology of DM-SeNPs synthesized using a 
green approach shown in Figure 5. SEM photos 
aided in visualizing the morphology of DM-SeNPs 
and revealed a spherical shape with a smooth surface 



433Puri & Patil, Biosci., Biotech. Res. Asia,  Vol. 19(2), 423-441 (2022)

Fig. 8. Dynamic light scattering analysis of Diospyros montana Selenium Nanoparticles

Fig. 9. Zeta potential analysis of Diospyros montana Selenium Nanoparticles

of DM-SeNPs. The particle size of DM-SeNPs was 
determined to be between 120 and 200 nm when 
adequately distributed by aggregation. Thus, one 
may claim that the accretion of nanoparticles 
triumphs over reduced atoms’ reduction and 
primary nucleation. DM-SeNPs may be associated 
with more functional groups in D. montana bark 
extract that bind to and nucleate sulfuric acid ions. 
Minor amounts of the best available metal ions are 
complex during nucleation, signifying the metal 
ion’s aggregation. Ramamurthy et al. 54 reported 
that agglomerated nanoparticles exhibit increased 
biological activity. As a result, biogenic DM-SeNPs 
may have biological applications.

Energy-Dispersive X-ray Spectroscopy Analysis 
	 EDXA was used to determine the 
chemical composition of DM-SeNPs. This EDX 
analysis validated the presence of selenium 
elemental in the DM-SeNPs sample described 
in Figure 6. The DM-SeNPs revealed discrete 
selenium, carbon, and oxygen absorption peaks, 
with a strong signal from the Selenium (Se) atom 
(59.59 percent), Oxygen(O) atom (15.56 percent), 
and Carbon(C) atom (24.84 percent) and absence of 
any other elemental peak. According to Sharma et 
al. 55 lack of any other elemental peaks and the high 
selenium content in the spectrum testifies the purity 
of the fabricated selenium metal. The DM-SeNPs 
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Results are expressed as mean ± S.D. (n = 3).
Fig. 10. A) DPPH radical scavenging activity of Diospyros montana bark extract, Diospyros montana Selenium 

Nanoparticles, Selenium, and Std-Ascorbic acid

Results are expressed as mean ± S.D. (n = 3).
Fig. 10. B) Reducing power activity of Diospyros montana bark extract, Diospyros montana Selenium 

Nanoparticles, Selenium, and Std-Ascorbic acid

spectrum contains oxygen and carbon peaks, 
indicating the presence of alkyl chain stabilisers.
Transmission Electron Microscopy (TEM)
	 According to TEM with specified area 
electron diffraction patterns, the DM-SeNPs 
formed agglomerated particles (amorphous nature). 
Green synthesized biogenic DM-SeNPs were 
mono scattering and spherical, as shown in Figure 
7. The transmission electron microscopy image 
confirmed the spherical nature of the DM-SeNPs 
and their nanoscale size. The DM-SeNPs had a 
size distribution of 20-200 nm, with an average 
size of 140 nm. The sizes and forms of the DM-
SeNPs synthesized were not reliant on the plant D. 

montana bark extract utilized in synthesis, which 
may be attributed to diverse tannins flavonoids 
and other polyphenolic compounds with reduction 
potential. Thus, these phytomolecules may drive 
Se ion reduction to the nanoscale, stabilizing 
the synthesized DM-SeNPs and prevent their 
aggregation. The TEM demonstrates a high 
correlation between the size of the nanoparticles 
and their biological activity, which is in line with 
the research of Ahmad and Kalra 56.
Size-distribution analysis 
Dynamic Light Scattering (DLS) analysis
	 Dynamic light scattering (DLS) analysis 
in an aqueous solution was used to assess the 
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Table 4. Antibacterial activity of Diospyros montana Selenium Nanoparticles (DM-SePs)

Microorganism		 Circumference of the zone of inhibition (in mm)
	                                 DM-SeNP	
	 20µg/mL	 40µg/mL	 Positive 	 Negative 
			   Control#	 Control*
	
S. aureus	 19.13±0.00	 34.16±0.00	 89.25±0.00	 00.00 ± 0.00
B. subtilis	 23.14±0.00	 44.14±0.00	 83.53±0.00	 00.00 ± 0.00
K. pneumoniae	 17.42 ± 0.00	 36.20 ± 0.00	 78.25±0.00	 00.00 ± 0.00
E. coli	 22.00±0.00	 48.00±0.00	 72.80±0.00	 00.00 ± 0.00

The data represent the mean of triplicates (±) with a standard deviation (mean ±SD; n = 3).
# Ciprofloxacin (1 mg/mL) * Dimethyl sulfoxide (DMSO) (25 ìL/well)

Fig. 11. Antibacterial activity of Diospyros montana Selenium Nanoparticles

hydrodynamic size and polydispersity index (PDI) 
of DM-SeNPs. The DLS study depicted in Figure 8 
illustrates the particle size distribution of selenium 
capped/reduced DM-SENPS. The average size of 
DM-SeNPs was determined to be 140.4 nm, with 
a polydispersity index (PDI) of 0.418, confirming 
the homogeneity and uniform dispersion of 
SeNPs. In practice, TEM and DLS measurements 
of a particle’s dimensions are different (DLS 
measurements include the ligand shell and define 
the hydrodynamic size); nonetheless, DLS and 
TEM figures are in good agreement with one 

another (we can look at the lone metallic core in 
TEM)57. DLS derived size is more significant than 
the size estimated by TEM images. This is most 
likely because of the solvation shell generated on 
the surface of the selenium core by the D. montana 
coat, which contributes to particle diameter only 
when DLS measurements are conducted, as 
reported by Zhang et al.  58. 
Zeta potential analysis
	 The zeta potential of DM-SeNPs was 
determined to be -28.1 mV, shown in Figure 9. This 
demonstrates the DM-SeNPs’ has great dispersity 
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Fig. 12. A)  Percentage of cell viability of Control, Standard Doxorubicin, and Diospyros montana Selenium 
Nanoparticles treated MCF7 cells

Fig. 12. B) Comparative IC50 values of Diospyros montana bark extract, Diospyros montana Selenium 
Nanoparticles, Selenium, and Std-Doxorubicin

and stability with negligible aggregation. The zeta 
potential analysis indicated that the synthesised 
DM-SeNPs were negatively charged. The negative 
charge potential was formed due to the reducing 
agent oxidizing the flavonoid and polyphenolic 
content of the D. montana bark extract. This 
suggests the presence of large electrostatic forces 
between the green synthesized DM-SeNPs. 
Previously, if all particles in a suspension had a 
negative or positive zeta potential, they tended 
to reject one another, resulting in a dramatic 

reduction in the particles’ desire to aggregate. The 
high stability of DM-SeNPs without aggregation 
may result from the selenium particles’ negative 
charge59.
ICP-AES- Selenium content estimation
	 ICP-AES was employed to assess the 
concentration of Selenium in DM-SeNPs. The 
calibration curve was created using selenium 
standards ranging from 0.1 to 100 mg/mL. At 
ppm levels, the calibration curve for selenium 
was linear, with a correlation coefficient of 0.999. 
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Following nitric acid treatment, the samples 
discolored, indicating that the selenium had been 
dissolved in solution. ICP-AES investigation found 
a selenium content of 63.45 ±18.3 µg/mL in DM-
SeNPs. 
Antioxidant Activity of DM-SeNPs
	 The DPPH assay was used to assess 
the free radical scavenging activities of the D. 
montana aqueous extract, DM-SeNP, Selenium 
Se, and Standard ascorbic acid. The capacity 
of DM-SeNPs to scavenge free radicals was 
determined spectrophotometrically by the change 
in the intensity of the DPPH colour from purple 
to yellow. The proportion of DPPH scavenging 
activity increased as the concentrations of all 
solutions increased (10-100 ppm). At a 100 µg/
mL concentration, DM-SeNPs demonstrated 76.43 
percent scavenging action, compared to selenium 
at 51.05 percent and D. montana bark aqueous 
extract at 46.26 percent, respectively, and standard 
ascorbic acid at 93.15 percent (Figure 10A). The 
studies show that antioxidant activity is size and 
concentration-dependent when IC50 values of DM-
SeNPs 24.72 ± 0.63 µg/mL, Selenium 41.63± 
0.25µg/mL, D. montana aqueous extract 74.42 
± 0.33 µg/mL, and standard (ascorbic acid) at 
12.51± 0.16µg/mL are compared.  The antioxidant 
potential of the DM-SeNPs was much greater than 
that of the D. montana extract and was comparable 

to that of standard ascorbic acid. Reduction 
capacity was highly correlated with antioxidant 
capacity and is likely to be a key antioxidant 
attribute. According to the reducing capacity of 
each sample used in the reducing power assay, 
the test solution changes colour from yellow to 
different hues of green and blue. In this case, a 
remarkable reduction in capacity was observed 
as concentration increased. Standard (ascorbic 
acid) and DM-SeNPs have EC50 values of 28.46 
± 34µg/mL and 46.30 ± 0.21 µg/mL, respectively 
(Figure 10B).  The DM-SeNPs demonstrated 
a considerably free radical scavenging activity 
compared to normal ascorbic acid. These findings 
indicate that DM-SeNPs function as an effective 
radical scavenger. Free radicals produced in-vivo 
act as signaling and regulatory molecules during 
normal cellular metabolism.
	 On the other hand, excessive free radicals 
cause damage to cellular molecules, ultimately 
impairing their normal function. Numerous 
publications propose novel biological potential 
for SeNPs as antioxidants, owing primarily to 
their redox modulatory properties60. Several 
investigations have suggested that amorphous 
SeNPs have exceptional antioxidant potential61.
Antibacterial Activity of DM-SeNPs
	 The antibacterial properties of DM-SeNPs 
were evaluated against four pathogenic bacterial 

Fig. 12. C) Antiproliferative activities of Diospyros montana Selenium Nanoparticles against human breast 
cancer cell lines (MCF-7) at various concentrations (6.25-100 µg/mL)
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strains: Escherichia coli (E. coli) (MTCC 10312), 
Klebsiella pneumoniae (K. pneumonia) (MTCC 
3040), Staphylococcus aureus (S. aureus) (MTCC 
1144), and Bacillus subtilis (B. subtilis) (MTCC 
1144). Ciprofloxacin was utilized as a positive 
control, whereas DMSO was employed as a 
negative control, as shown in table 4. DM-SeNPs 
were shown to be effective against all pathogens. 
The inhibitory zones were found to be the highest 
zone for E. coli (48.00 mm), B. subtilis (44.14 
mm), Klebsiella pneumonia (36.20 mm), and S. 
aureus (34.16mm), respectively, as indicated in 
Figure 11. While ciprofloxacin exhibited the most 
significant inhibition zone, DM-SeNPs exhibited 
an inhibition zone equivalent to ciprofloxacin. DM-
SeNPs exhibit a more excellent zone of inhibition 
against B. subtilis and E. coli, implying that they 
may be used as an antimicrobial agent. 
Antiproliferative Activity of DM-SeNPs 
	 The statistical analysis of cell cytotoxicity 
data using MTT against MCF-7 suggests that the 
test compounds, namely DM-SeNPs, Se, and 
Standard Doxorubicin, have substantially greater 
cytotoxic potential than DM. As demonstrated 
in Figure 12. (A-B-C) DM bark extract had 
minimal proliferative inhibition on MCF-7; Se 
showed a minute antiproliferative activity toward 
MCF-7, whereas DM-SeNPs exerted potential 
antiproliferative activity toward MCF-7cells in 
comparison to Standard Doxorubicin. The IC50 
values for DM 65.35 ± 0.21 µg/mL, DM-SeNPs 
38.19 ± 0.27 µg/mL, SeNPs 21.77 ± 0.33 µg/
mL, and Standard Doxorubicin. 6.41 ± 0.09 µg/
mL, respectively, suggest that DM and SeNPs 
display moderate cytotoxicity, whereas DM-SeNPs 
demonstrate high cytotoxicity (Figure 12 B). 
The Microscopic cell morphological observation 
discovered a uniform intracellular distribution of 
DM-SeNPs in cancer cells. DM-SeNPs treated 
cells displayed chromosome instability and 
mitotic apprehension in cancer cells (MCF-7). 
The antiproliferative activity was measured by 
significant inhibition of the growth of MCF-7 cells 
on treatment with DM-SeNPs, as shown in Figure 
12C. Microscopic cell morphological observation 
after MTT staining showed that cells treated with 
DM-SeNPs reduced cell viability, loss of cell-
to-cell contact, cell shrinkage, and formation of 
apoptotic bodies.  The antiproliferative effect could 
be a result of well-characterized DM-SeNPs. This 

paper proposes a novel method for synthesizing 
DM-SeNPs with antitumor potential. The same 
principle would apply to additional SeNPs, 
contributing to developing SeNPs-mediated drug 
carriers. Metallic nanoparticles synthesized from 
plant extracts exhibit increased tumor selectivity, 
promising efficacy, and negligible toxicity to 
healthy cells. The cytotoxic effect of nanoparticles 
mainly results from their enormous surface area, 
which permits efficient drug administration, and 
specific nanoparticles display anticancer activity 
62. 

CONCLUSION 

	 Biogenic  synthes is  of  se lenium 
nanoparticles is successful since the biomolecules 
used in the reduction process are derived from 
plants and are thus entirely non-toxic to the 
environment. The significant discovery of this 
study was the identification of tannins, flavonoids, 
and phenolics, all of which were determined to 
be suitable for the biosynthesis of SeNP. FTIR 
proves that biosynthesized DM-SeNPs are stable 
due to the capping of these phytoconstituents. The 
characterization results showed DM-SeNPs were 
stable, had a negative charge, were amorphous, had 
a spherical form, and were nanoscale in size. The 
XRD spectra established the amorphous nature of 
DM-SeNPs with characteristic selenium absorption 
spectra. The EDAX analysis confirmed the 
elemental composition of DM-SeNPs. Additional 
TEM and particle size distribution measurements 
validated the spherical shape of DM-SeNPs. The 
spherical amorphous DM-SeNPs demonstrated 
significant antioxidant activity as measured by 
DPPH scavenging and reducing power capacity 
assays. DM-SeNPs exhibit a more excellent 
zone of inhibition against B. subtilis and E. coli, 
indicating that they might be employed as an 
antibacterial agent. Hence DM-SeNPs can be a 
potential antibacterial agent in treating bacteria-
related disorders. The MTT assays investigated 
the antiproliferative activity on MCF-7 cell lines; 
it demonstrated that DM-SeNPs possess substantial 
cytotoxic potential in a dose-dependent manner 
compared to doxorubicin; hence it may be employed 
as an anticancer agent. This study indicates 
that DM-SeNPs have a high degree of growth 
control compared to cancer cells, indicating their 
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potential for medicinal applications. In the future, 
combining phytomolecules and nanoparticles may 
play a significant role in treating several disorders. 
Thus, it offers novel opportunities to formulate 
and develop well-fabricated biogenic SeNPs that 
may be manufactured, stored, and commercialized 
safely worldwide. 
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