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ABSTRACT
Background and Rationale: Nanotechnology has revolutionized various scientific disciplines, 
with Selenium Nanoparticles (SeNPs) demonstrating exceptional potential due to their unique 
physicochemical properties and applications in medicine, agriculture, and environmental 
sciences. However, conventional synthesis methods often employ toxic chemicals, posing 
significant environmental and health risks. Green synthesis of nanoparticles using plant extracts 
offers a sustainable and eco-friendly alternative. This study focuses on the green synthesis of 
SeNPs utilizing the aqueous leaf extract of Anacardium occidentale, optimizing the synthesis 
conditions, and characterizing the resulting nanoparticles. Materials and Methods: The green 
synthesis of SeNPs was conducted using aqueous leaf extract of Anacardium occidentale as a 
reducing and stabilizing agent. The synthesis process was optimized using the orthogonal test 
of the Taguchi design experiment. Characterization techniques, including UV-vis spectroscopy, 
Fourier-Transform Infrared spectroscopy (FTIR), Scanning Electron Microscopy (SEM), Transmission 
Electron Microscopy (TEM), and Zeta potential analysis was done to confirm the synthesis and 
stability of the Selenium Nanoparticles. Results and Discussion: The optimal conditions for the 
green synthesis of Selenium Nanoparticles were a reaction time of 1 hr, citric acid concentration 
of 0.04 M, aqueous leaf extract concentration of 1.0 mg/mL, and pH 7.5, yielding nanoparticles 
with an average particle size of 121.9 nm. The UV-vis spectroscopy results highlighted the surface 
plasmon resonance at 270 nm, indicative of small nanoparticle size. FTIR analysis confirmed the 
involvement of specific functional groups from the leaf extract in the reduction and stabilization 
processes. SEM and TEM analyses corroborated the spherical shape and uniform size distribution 
of the Selenium Nanoparticles. The zeta potential value of -23.5 mV indicated good colloidal 
stability. These findings demonstrate the effectiveness of Anacardium occidentale leaf extract in 
producing stable, spherical SeNPs via an eco-friendly approach. Conclusion: Green synthesis of 
SeNPs from Anacardium occidentale leaf extract minimizes adverse environmental and health 
impacts associated with conventional methods.

Keywords: Green Synthesis, Selenium Nanoparticles, Characterisation study, Condition 
optimisation.

INTRODUCTION

Nanotechnology has marked the beginning of a paradigm 
shift in various scientific disciplines, offering unprecedented 
avenues for innovation and advancement. Within the myriads of 
nanomaterials, Selenium Nanoparticles (SeNPs) with remarkable 
properties applicable across diverse fields, including medicine, 
catalysis, and environmental science has garnered significant 
attention. Selenium is a critical trace element with numerous 

health benefits primarily mediated through its incorporation 
into selenoproteins. These selenoproteins play a vital role in 
maintaining the body's antioxidant defence systems, protecting 
cells from oxidative stress, and reducing inflammation.[1]  
Selenium supports thyroid hormone metabolism, which is 
essential for regulating growth, development, and energy 
metabolism. It also plays a crucial role in reproductive health, 
ensuring proper sperm function and overall fertility. In addition, 
selenium has neuroprotective effects, helping to safeguard brain 
function and potentially lowering the risk of neurodegenerative 
diseases. Its role in immune modulation enhances the body’s 
ability to fight infections and supports recovery from illnesses. 
Research also highlights selenium's potential in cancer prevention 
by influencing genetic and molecular pathways involved in tumor 
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suppression.[2] Overall, selenium is indispensable for maintaining 
cellular health, preventing oxidative damage, and supporting key 
physiological processes.

Selenium, a trace element essential for human health, exhibits 
remarkable properties when engineered into nanoparticles.[3] 
However, reports indicate that consuming selenium in high 
quantities can cause serious harm. Therefore, researchers are 
focusing on synthesizing SeNPs to harness its benefits while 
avoiding adverse effects.[4,5] Selenium Nanoparticles possess 
unique characteristics such as high surface area to volume 
ratio, enhanced reactivity, and biocompatibility, rendering 
them promising for various biomedical applications including 
anticancer therapy, antimicrobial agents, and antioxidant 
supplements.[6-7] Their unique physicochemical properties, along 
with their biocompatibility, make them particularly suitable for 
drug delivery, bioimaging, and therapeutic interventions.

Traditional methods for the synthesis of nanoparticles often 
involve the use of toxic chemicals and harsh conditions, raising 
concerns about environmental sustainability and human 
wellbeing. The synthesis of Selenium Nanoparticles through 
green methods, utilising the reducing potential of natural extracts, 
represents a sustainable and environmentally friendly approach 
that circumvents the drawbacks associated with conventional 
methods.[8]

Comprehensive characterization of the synthesized Selenium 
Nanoparticles is imperative to understand their physicochemical 
properties, including size, morphology, surface charge, and 
composition. Characterization study provides insights into 
the stability, dispersibility, and interaction of nanoparticles 
with biological systems, which are crucial for their therapeutic 
application. Various analytical techniques employed to elucidate 
the structural, morphological, and elemental characteristics of 
metal nanoparticles are UV-vis spectroscopy, Fourier-Transform 
Infrared Spectroscopy (FTIR), Energy-Dispersive X-ray 
spectroscopy (EDX), Scanning Electron Microscopy (SEM), and 
Transmission Electron Microscopy (TEM).[9]

The anticancer and antimicrobial activity exhibited by Anacardium 
occidentale L. can be attributed to its high anti-oxidant 
property.[10,11] Cajado et al., in their study demonstrated the 
antimicrobial activity of aqueous and hydroalcoholic leaf extract 
of Anacardium occidentale.[12] Muraina IA et al., demonstrated the 
anti-mycoplasm activity of Anacardium leaf extract.[13] Extracts 
and phytochemicals derived from Anacardium occidentale show 
anesthetic, anti-inflammatory, anti-bactericidal properties as 
demonstrated by various studies.[14-15] Nanoparticles synthesized 
through green methods offer a wide range of applications owing 
to their biocompatibility and capacity for controlled substance 
release.[16,17] Thus, the synthesis of Selenium Nanoparticles from 
Anacardium occidentale L. leaf extract may potentially enhance 
the bioactivity of SeNPs. Understanding the physicochemical 

properties of Selenium Nanoparticles synthesized via green 
methods is pivotal for their application in medicine and 
environmental remediation. By elucidating the synthesis and 
characterization of SeNPs via green synthesis using Anacardium 
occidentale L. leaf extract, this study contributes to the emerging 
field of green nanotechnology.

MATERIALS AND METHODS

Preparation of Leaf Extract

Fresh Anacardium occidentale leaves were collected from 
Sawyerpuram, Thoothukudi. The plant material was identified 
and confirmed by the voucher specimen [Botanical Survey of 
India, Indian Virtual Herbarium Barcode: [BSID0008257]. The 
aqueous extract of Anacardium occidentale leaves were obtained 
using the method described by Tafinta et al.[18] The leaves were 
thoroughly washed with sterile distilled water to eliminate dust 
particles. 100 grams of ground Anacardium occidentale leaves 
were mixed with 1000 mL of sterile distilled water in a conical 
flask to prepare of aqueous extract. The conical flask with the 
mixture was covered with cotton wool and aluminium foil in 
order to prevent contaminations. The mixture was agitated and 
left to stand at room temperature for 48 hr after which they were 
filtered through a muslin cloth. The resulting filtrate was then 
evaporated to dryness in an oven at 37ºC to yield crude extracts 
with a yield percentage of 10%. The obtained crude extracts were 
stored in a sterile container at room temperature until further use.

Green Synthesis of SeNPs-Condition Optimisation

SeNPs were green synthesized using aqueous extract of 
Anacardium occidentale L. leaf. 50 mL of aqueous extract of 
Anacardium occidentale leaf (1 mg/mL) was mixed with aqueous 
solution of sodium selenite (50 mL, 0.04 M). Freshly prepared 
solution of 50 mL of citric acid (0.04 M) was added slowly to 
the mixture under continuous magnetic stirring (500 rpm) at 
room temperature for 1 hr. The pH of the reaction system was 
adjusted to 7.5 using 1 M Sodium Hydroxide (NaOH) and 1 M 
glacial Acetic acid (HAc). The presence of SeNPs was validated 
through a gradual transition of the solution's colour to orange. 
Subsequently, the solution was centrifuged at 9000 rpm to isolate 
the Selenium Nanoparticles, which were then cleaned by rinsing 
the sample thrice with distilled water and twice with 100% 
ethanol.[19] The cleaned SeNPs were stored overnight at 50ºC, 
resulting in a dry, brown-colored powder.

Optimization of parameters for the green synthesis 
of Selenium Nanoparticles

Several trials and single parameter experiments were conducted 
for optimising the best conditions for Selenium Nanoparticles 
synthesis. Taguchi design methods were used to optimize the 
parameters for the synthesis of green synthesis of Selenium 
Nanoparticles using aqueous leaf extract of A. occidentale. 
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Different nanoparticle formulations were tested using varying 
reaction time, citric acid concentration (Vc), concentration of A. 
occidentale leaf aqueous extract, and pH, which were denoted as 
variables A, B, C and D respectively. The concentration of sodium 
selenite (0.04 M) remained constant throughout the experiments. 
These variables were identified as having a significant impact 
on the diameter of the synthesized SeNPs compared to other 
variables. In this study, an orthogonal array L9 of the Taguchi 
design was employed to optimize the synthesis conditions for 
green-synthesized SeNPs. The experiment involved four factors, 
each with three levels, while maintaining a constant concentration 
of sodium selenite (0.01 M). Table 1 shows the four variables (A, 
B, C, and D) and their corresponding levels (Levels 1, 2, and 3) for 
each variable selected for the optimization experiment.

Characterization of Selenium Nanoparticles

The synthesized Selenium Nanoparticles were characterized 
using analytical techniques to understand the structural and 
morphological characteristics of SeNPs. Including UV-vis 
spectroscopy, X-ray Diffraction (XRD), Transmission Electron 
Microscopy (TEM), Fourier-Transform Infrared Spectroscopy 
(FTIR), and zeta potential analysis.

The characterization methods utilized include Bio spec Nano 
(Shimadzu), which is used to measure the surface plasmon 
resonance of the nanoparticles. ATR-FTIR spectrometer 
was employed to determine the functional group of extracts 
responsible for reducing the selenium and forming the 
nanoparticle (Shimadzu IR affinity).[20] The nanoparticles 
were analyzed for their crystalline nature using the X-ray 
diffractometer (XPERT-PRO).[21] The microscopic nature and 
surface morphology of the nanoparticles were identified using 
a Scanning Electron Microscope (FESEM, TESCAN) and 
Transmission Electron Microscope (JEOL Ltd., Japan). The 
particle size and zeta potential of selenium nanoparticles in liquid 
suspension were analyzed using a Zetasizer Nano ZS (Malvern 
Instruments, UK).[22]

RESULTS

In this study, the optimization of Selenium nanoparticles (SeNPs) 
synthesis using an aqueous extract of Anacardium occidentale 
leaves was performed using the Taguchi method, followed by 

characterization through various analytical techniques to evaluate 
their size, stability, and surface properties.

Condition Optimisation of green synthesis of 
Selenium Nanoparticles

For optimizing the conditions for Selenium Nanoparticles, a 
Taguchi experimental analysis utilizing an orthogonal array 
(L9) was conducted after collecting response values for synthesis 
parameters such as reaction time (A), concentration of citric acid 
(B), concentration of aqueous extract of Anacardium occidentale 
leaves (C) and pH (D). Table 2 shows the recorded average particle 
size distribution for the green synthesis of Selenium Nanoparticles 
(SeNPs) using an aqueous extract of Anacardium occidentale 
leaves for each combination, as measured by a Dynamic Light 
Scattering (DLS) particle size analyser. It was observed that the 
lowest and highest mean size of the SeNPs was obtained from 
experiments number two and seven and it was found to be 124.59 
nm and 141.44 nm, respectively. As shown in Figure 1, the results 
demonstrate that the effect of concentration of citric acid has 
a larger influential factor on the diameter of green synthesized 
SeNPs followed by concentration of aqueous extract, reaction 
time and a smaller effect due to pH was observed in the order of 
RB (8.8)>RC (4.1)>RA (3.9)>RD (2.8), which has been illustrated 
from response means (Table 3). Therefore, the concentration 
of citric acid has a significant effect on the diameter of green 
synthesized Selenium Nanoparticles from aqueous extract of 
Anacardium occidentale leaf.

For the synthesis of Selenium Nanoparticles, the results show that 
particle size was smaller in level 2 having 0.04 M concentration 
of citric acid compared to level 1 (0.02 M) and level 3 (0.06 M). 
Therefore level 2 (0.04 M) concentration of citric acid provides a 
more efficient reducing environment to accelerate the formation 
of crystal nuclei which can help in the stabilization. Hence it is 
considered the optimal condition for green synthesis of Selenium 
Nanoparticles. The diameter of Selenium Nanoparticles obtained 
at pH 7.5 (level 1) was smaller when compared to those obtained 
at level 1 (pH 6.5) and level 2 (pH 7). Thus, optimum pH for 
the synthesis of Selenium Nanoparticles from aqueous extract 
of Anacardium occidentale leaves was considered as 7.5 (Level 
3). The optimal reaction time for the synthesis of Selenium 
Nanoparticles was found as 1 hr (Level 2). Longer period of 
reaction time resulted in the agglomeration of SeNPs and the 

Levels Experimental Factors and their Corresponding Levels for Optimization of Reaction Conditions

A B C D

Reaction time 
(Hours)

Concentration of Citric 
acid (M)

Concentration of Anacardium occidentale 
aqueous leaf extract (mg/mL)

pH

1 0.5 0.02 0.5 6.5
2 1 0.04 1 7
3 1.5 0.06 1.5 7.5

Table 1:  Selected Variables and Corresponding Levels for Orthogonal Experiment.
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size of the SeNPs were also larger. The diameter of SeNPs was 

found to be smaller at level 2 (1 mg/mL) of aqueous leaf extract 

concentration compared to level 1 (0.5 mg/mL) and level 3 (1.5 

mg/mL).

As shown in Table 3, the result of the Taguchi experiments gave 

the best optimal combinations for the synthesis of Selenium 

Nanoparticles which was A2B2C2D3 (factors-A, B, C, and D; 

levels 1, 2, and 3). Thereafter, these combination verification 

tests were conducted parallelly in triplicate experiments. The 

results show that the diameter of optimized SeNPs obtained 

through DLS measurements was smaller than all experimental 

combinations of Taguchi experiments which indicates that the 

SeNPs are well stabilized by Aqueous extract of A. occidentale 

leaves. Therefore, the optimal preparation conditions of SeNPs 

were 1 hr of reaction time with 0.04 M concentration of citric 

acid, 1.0 mg/mL of aqueous leaf extract, and the 7.5 pH of the 

overall reaction mixture which gave nanoparticles with particle 

size of 121.9 nm.

Characterisation study of green synthesized 
Selenium Nanoparticles
UV-vis spectroscopy analysis of Selenium Nanoparticle

In our study, we investigated the reduction of metallic selenium 
ions by analysing the UV-vis spectrum within the 250 nm to 
700 nm wavelength range. We observed a distinct absorption 
peak at 270 nm, which signifies the presence of Surface Plasmon 
Resonance (SPR), a characteristic feature of SeNPs (Figure 2A).

Fourier Transform Infrared Spectroscopy (FTIR) of 
Selenium Nanoparticles

The study utilized Fourier-Transform Infrared Spectroscopy 
(FTIR) to examine the functional groups on the surface of 
synthesized Selenium Nanoparticles. FTIR allows us to identify 
specific vibrational modes of chemical bonds, and in this 
investigation, spectral bands were observed in the range of 
4000-400 cm-¹. The FTIR spectrum of SeNPs showed a notable 
peak at 578.64 cm-¹, indicating a stretching vibration associated 
with C-I bonds. Additionally, a common feature across all spectra 
was the broad peaks around 3826.77 cm-¹, corresponding to the 
stretching vibration of Hydroxyl (OH) groups (Figure 2B).

Level Experimental factors

Reaction  
Time (Hours)

Concentration  
of Citric Acid
(M)

Concentration of Aqueous Anacardium occidentale leaf  
extract (mg/mL)

pH

Mean 
Diameter 
(nm)

1 129.1 136.7 131.3 132.1
2 131.3 127.9 129.0 132.0
3 133.0 128.7 133.1 129.3

Delta 3.9 8.8 4.1 2.8
Rank 3 1 2 4

Table 3:  Response table results for Means by Taguchi design experiments.

Numbers Experimental Factors Mean Diameter 
(nm)A B C D

Reaction time 
(hours)

Concentration of Citric 
Acid (M)

Concentration of Aqueous extract of 
A. occidentale leaves (mg/mL)

pH

1 0.5 0.02 0.5 6.5 135.87 ±0.56
2 0.5 0.04 1 7 124.59 ±0.53
3 0.5 0.06 1.5 7.5 126.86±0.51
4 1 0.02 1 7.5 132.93±0.57
5 1 0.04 1.5 6.5 131.03±1.26
6 1 0.06 0.5 7 129.28±1.38
7 1.5 0.02 1.5 7 141.44±0.91
8 1.5 0.04 0.5 7.5 128.12±1.22
9 1.5 0.06 1 6.5 129.37±0.92

Table 2:  Orthogonal experimental results for the particle size measurements of Selenium Nanoparticles by DLS measurements (Mean±SD of 
triplicate analysis).
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Energy-Dispersive X-ray spectroscopy (EDX)
In our research, we performed an elemental analysis of Selenium 
Nanoparticles (SeNPs) produced through a green synthesis 
method. We utilized Energy-Dispersive X-ray spectroscopy 
(EDX) with a detector, examining the nanoparticles deposited on 
a carbon film. In our study, we identified specific elemental peaks 
in the SeNPs, including strong absorption peaks for metallic 
selenium ions at 1.35-40 keV, 11.20 keV, and 12.30 keV. Peaks 
for Na and O were also detected, likely due to mixed components 
from the plant extract used in the synthesis. Notably, a distinct 
peak around 0.2 keV on the left side of the spectrum indicated 
the presence of carbon, while a less visible peak at 0.5 keV was 
associated with the characteristic oxygen line. Additionally, 
copper peaks at 1.2 keV, 8.1 keV, and 8.9 keV were observed, 
attributed to the Cu support grid. A peak at 1.2 keV, attributed to 
Na (sodium) and K (potassium), along with peaks at 0.2 keV and 
3.3 keV, indicated the presence of these elements (Figure 2C and 
2D). The absence of peaks for other elements, coupled with a high 
concentration of selenium, confirmed the purity of the selenium 
metal in the final product. Vyas et al., in their study opine that the 
presence of carbon and oxygen spots in the samples confirmed 
the existence of stabilizers with alkyl chains.[23]

Scanning Electron Microscope (SEM) analysis of 
Selenium Nanoparticles
Scanning Electron Microscopy (SEM) is a powerful imaging 
technique used to evaluate the structure and surface appearance 
of various materials at high magnifications. In the present study, 
SEM imaging reveals that the use of plant extracts results in the 
formation of tightly packed SeNPs (Figure 2E).

Transmission Electron Microscopic analysis (TEM)

In the present study, Transmission Electron Microscopy analysis 
of the liquid solution showed the presence of SeNPs. Figure 2F 
illustrates the sizes of the particles produced using a plant extract, 
which ranged from 14.65 nm to 17.82 nm and from 0.28859 
nm to 8.78534 nm. This provides a visual representation of the 
dimensions of the nanoparticles generated through our process.[24]

Zeta potential analysis of Selenium Nanoparticles

Zeta potential is a measure of the electrostatic potential at the 
surface of particles, commonly used to assess the stability 
of colloidal dispersions, including SeNPs.[25] SeNPs green 
synthesized in the present study were confirmed to have a 
negative surface charge with a zeta potential value of -23.5 mV. At 
25ºC, the stability and size of the SeNPs were assessed using a zeta 
sizer, revealing a particle size of 121.9 nm (Figure 3).

DISCUSSION

Nanoparticles can be synthesized through a variety of techniques, 
generally categorized into chemical and biological methods. 
Chemical methods include techniques such as sol-gel processes, 
precipitation, steam condensation, and micro-emulsion 
methods.[26] On the other hand, biological methods leverage 
natural sources such as algae, plants, fungi, yeast, bacteria, and 
isolated sugars (including cellulose, starch, and glucose) to 
produce nanoparticles.[27]

Plant extracts have garnered significant attention for the green 
and sustainable synthesis of nanoparticles due to their abundance, 
safety, and broad array of metabolites that act as reducing and 

Figure 1:  Main effects plot for Means of each factor versus diameter of Selenium Nanoparticles.
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capping agents, providing stability to metal nanoparticles. 
They are easily accessible, cost-effective, and faster in synthesis 
compared to microbes. Plants' ability to accumulate and detoxify 
heavy metals is well-documented, and their rich phytochemical 
content, including steroids, saponins, carbohydrates, and 
flavonoids, facilitates nanoparticle formation. The eco-friendly 
synthesis process using plant extracts eliminates toxic chemicals 
and harsh conditions, making it an environmentally safe method. 
These bioactive compounds act as reducing and stabilizing 
agents, donating electrons to metal ions and facilitating 
nanoparticle formation with precise size, shape, and composition. 
Additionally, nanoparticles derived from plants are generally 
safer for humans compared to those synthesized chemically 
and possess significant biological potential. These plant-based 
nanoparticles have applications in agriculture, food science, 
bioengineering, cosmetics, nanomedicine, and human health 
protection.[28] The synthesis of SeNPs through green methods, 
using aqueous extracts from Anacardium occidentale leaves, 
offers an eco-friendly and cost-effective alternative to traditional 
chemical processes.

Biomolecules like proteins and polysaccharides serve as capping 
agents, preventing aggregation and influencing nanoparticle 

size and shape.[29,30] Optimal pH, temperature conditions, 
concentration of precursor ions, reaction time and stirring 
conditions are crucial, as they affect the reduction, nucleation, 
and growth of nanoparticles.[31,32] The specific mechanisms for 
green synthesis of nanoparticles can vary depending on the 
type of plant extract, metal precursor, and reaction conditions, 
highlighting the need for further research to understand these 
processes in detail.

The optimization of conditions for the green synthesis of Selenium 
Nanoparticles (SeNPs) is crucial, as it significantly influences the 
size, stability, and overall characteristics of the nanoparticles. 
The need for condition optimization arises from the inherent 
sensitivity of nanoparticle properties to various synthesis 
parameters. Factors such as the concentration of reducing agents, 
the ratio of precursor to stabilizer, pH of the reaction mixture, 
and reaction time can all influence the nanoparticle size and its 
stability. Nanoparticles of specific sizes are desired for various 
applications, such as in drug delivery, biomedical imaging, and 
catalysis, as these properties directly affect their functionalization 
and bioactivity. Therefore, it is essential to optimize the reaction 
conditions to consistently produce SeNPs with the desired 
characteristics.

Figure 2:  A-UV-visible spectra of SeNPs; B-FTIR spectrum analysis of Selenium Nanoparticles; C and D-EDX analysis of Selenium 
Nanoparticles; E-SEM images of SeNPs and F-TEM images of SeNPs.
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The current study focused on optimizing the conditions for 
the green synthesis of Selenium Nanoparticles (SeNPs) using 
Anacardium occidentale leaf extract. A Taguchi experimental 
design with an orthogonal array (L9) was employed to examine 
the effects of reaction time, citric acid concentration, aqueous 
extract concentration, and pH. The results revealed that the 
concentration of citric acid had the most significant impact on 
the particle size, followed by aqueous extract concentration, 
reaction time, and pH. Optimal conditions were found to be 1 
hour of reaction time, 0.04 M citric acid concentration, 1.0 mg/
mL aqueous extract concentration, and pH 7.5, which resulted 
in Selenium Nanoparticles with a particle size of 121.9 nm. 
These findings suggest that the optimized conditions enhance 
nanoparticle stability and can be applied for scalable SeNP 
synthesis.

In the study by Jha N et al., the optimal conditions for synthesizing 
RMLP-SeNPs from polysaccharide of mangrove Rhizophora 
mucronata were 2 hr of reaction time, 0.04 M of Vitamin C 
concentration, 1 mg/mL of RMLP, and pH 7.5.[33] The synthesized 
SeNPs had a particle size of around 54.85 nm, as measured by 
DLS. In contrast, Diko CS et al., synthesized SeNPs through a 

simple, environmentally benign SeO2-reduction process using 
Trichoderma sp. WL-Go culture broth. The optimal conditions 
for this synthesis were pH 8, an inoculation time of 24 hours, 
and a SeO2 concentration of 2 mM.[34] Moreover, Bahig El- deep 
et al., used a bacterial strain, Streptomyces sp., isolated from soil 
around the roots of Alhagi graecorum in desert soil. The optimal 
conditions for Selenium Nanoparticle synthesis in this study were 
pH 7 and 32ºC, with Selenium Nanoparticles being produced 
sustainably within a week.[35]

Analysis of UV-vis spectrum within the 250 nm to 700 nm 
wavelength range helps us understand the optical properties 
of Selenium Nanoparticles (SeNPs). The size and shape of 
these nanoparticles significantly influence their behaviour. The 
distinct absorption peak at 270 nm observed in the present study 
signifies the presence of Surface Plasmon Resonance (SPR), 
a characteristic feature of Selenium Nanoparticles. This peak 
at 270 nm suggests that the SeNPs are likely smaller in size. 
Interestingly, as the absorption peak diminishes, it indicates that 
the nanoparticles are aggregating. In simpler terms, the UV-vis 
spectrum changes demonstrate the initial formation of small 
Selenium Nanoparticles through ion reduction, followed by their 

Figure 3:  Size distribution and Zeta Potential distribution analysis of the synthesized Selenium 
Nanoparticles.
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aggregation. This information is essential for comprehending the 
behaviour of Selenium Nanoparticles in the study.[36]

The FTIR spectrum of Selenium Nanoparticles in the current 
study showed a notable peak at 578.64 cm-¹, indicating a stretching 
vibration associated with C-I bonds. This provides insights 
into the chemical structure of the Selenium Nanoparticles. 
Additionally, a common feature across all spectra was the broad 
peaks around 3826.77 cm-¹, corresponding to the stretching 
vibration of Hydroxyl (OH) groups. This suggests the involvement 
of OH groups, possibly related to the surface characteristics or 
stabilization of the Selenium Nanoparticles. If stabilizing agents 
or capping molecules were used during synthesis, FTIR analysis 
allowed for the identification of specific functional groups 
associated with these molecules on the nanoparticle surface. 
This information is crucial for understanding the chemical 
composition and surface modifications of SeNPs in the study.[37]

Energy-dispersive X-ray spectroscopy is a widely used technique 
for determining the elemental composition of materials, 
providing insights into the presence and distribution of different 
elements.[38] The EDX analysis produced a spectrum showing 
peaks corresponding to the elements in the sample. For SeNPs, 
a prominent peak was expected at the energy associated with 
Selenium (Se). The detection of additional peaks indicated the 
possible presence of impurities, stabilizing agents, or elements 
from the synthesis process. The absence of peaks for other 
elements, coupled with a high concentration of selenium, 
confirmed the purity of the selenium metal in the final product. 
Vyas et al., in their study opine that the presence of carbon and 
oxygen spots in the samples confirmed the existence of stabilizers 
with alkyl chains.[39]

Scanning Electron Microscopy (SEM) is a powerful imaging 
technique used to evaluate the structure and surface appearance 
of various materials at high magnifications. SEM analysis 
allows us to observe the size, shape, distribution, and overall 
characteristics of Selenium Nanoparticles (SeNPs) derived 
from plant materials.[40,41] The SEM images reveal that Selenium 
Nanoparticles synthesized using plant extracts form tightly 
packed nanoparticles, indicating efficient particle formation 
and stabilization. Transmission Electron Microscopy (TEM) 
is an advanced imaging technique that allows for the detailed 
examination of the structure and shape of materials at an 
extremely small scale, such as SeNPs.[42,43] The sizes of the 
Selenium Nanoparticles in the current study ranged from 14.65 
nm to 17.82 nm, showcasing the small and uniform dimensions 
of the particles produced through this green synthesis process.

SeNPs green synthesized in the present study exhibited a zeta 
potential of -23.5 mV, indicating a negatively charged surface and 
suggesting good stability in the colloidal solution, as the repulsion 
between particles helps prevent aggregation. The zeta potential 
results provide insights into the surface charge and potential 

interactions between nanoparticles in a solution. Zeta potential, 
a key metric for surface charge potential, was emphasized as a 
critical parameter in evaluating the stability of nanoparticles 
within solutions (Figure 3).

CONCLUSION

The green synthesis of SeNPs (SeNPs) using Anacardium 
occidentale leaf aqueous extract proved to be effective and efficient. 
The synthesis conditions for SeNPs were optimized using the 
orthogonal test of the Taguchi design experiment, resulting in a 
particle size of approximately 121.9 nm. The UV-vis spectroscopy 
data demonstrated an absorbance peak at 270 nm, indicating 
the presence of surface plasmon resonance and suggesting the 
formation of small-sized SeNPs. Fourier-Transform Infrared 
spectroscopy (FTIR) analysis provided detailed insights 
into the functional groups involved in the reduction process 
during synthesis, highlighting the chemical interactions on the 
nanoparticle surface. Scanning Electron Microscopy (SEM) 
analysis revealed that the synthesized SeNPs are spherical in 
shape and well-distributed. These characterization studies 
collectively confirm the successful synthesis and stability 
of SeNPs, emphasizing their potential for applications with 
minimized adverse effects. However, challenges such as variability 
in extract composition, complexity of bioactive components, 
batch-to-batch variations, and limited stability of plant extracts 
must be addressed. Despite these challenges, the ease of synthesis 
and broad applications make plant extracts a promising avenue 
for nanoparticle production, warranting further research and 
optimization to maximize their potential.
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SUMMARY

Selenium Nanoparticles (SeNPs) were green synthesized using 
Anacardium occidentale L., leaf extract. The synthesis of Selenium 
Nanoparticles (SeNPs) via green methods involves several factors 
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that significantly influence the size, stability, and overall quality 
of the nanoparticles. To ensure optimal production of Selenium 
nanoparticles, various synthesis parameters must be carefully 
optimized. In this study, the optimization of conditions for the 
green synthesis of Selenium nanoparticles was carried out using 
Taguchi design method. Four key variables namely A (Reaction 
Time) B (Citric Acid Concentration), C (Concentration of 
Aqueous Leaf Extract) and D (pH) were selected for optimization. 
An orthogonal array L9 of the Taguchi design was employed to test 
different combinations of these variables, each with three levels 
(Levels 1, 2, and 3). Sodium selenite (0.04 M) was kept constant 
as the precursor for all experiments. By varying the levels of each 
variable in different experiments, the impact of each factor on the 
size of the synthesized SeNPs was assessed. The best conditions 
for the green synthesis of SeNPs were determined to be 1-hour 
reaction time, 0.04 M citric acid concentration, 1 mg/mL leaf 
extract concentration, and a pH of 7.5. Under these conditions, 
selenium nanoparticles with an average size of 121.9 nm were 
obtained, indicating that the nanoparticles were well-stabilized 
and suitable for further characterization and application studies. 
In this study, Selenium nanoparticles (SeNPs) characterization 
was done using various techniques. UV-vis spectroscopy 
confirmed nanoparticle formation with an SPR peak at 270 nm. 
This peak is consistent with previously reported studies, which 
observed similar spectral behaviour for selenium nanoparticles, 
indicative of their successful synthesis. FTIR analysis revealed 
bioactive compounds like hydroxyl, carboxyl, and amine groups 
aiding in Selenium Nanoparticle reduction and stabilization. 
EDX confirmed selenium presence, while SEM and TEM showed 
spherical nanoparticles with sizes around 120-150 nm, which 
corroborates the findings from Dynamic Light Scattering (DLS) 
measurements. The clear lattice fringes observed in the TEM 
images indicate the crystalline nature of the selenium. Zeta 
potential analysis demonstrated good colloidal stability with a 
value of -30.4 mV, indicating effective particle dispersion and 
stability in suspension. This comprehensive characterization 
confirmed the successful synthesis of selenium nanoparticles 
using the green method, with optimal physicochemical 
properties suitable for potential applications in biomedicine and 
environmental science.

REFERENCES
1.  Tinggi U. Selenium: its role as antioxidant in human health. Environmental Health 

and Preventive Medicine. 2008;13(2):102-8.
2.  Genchi G, Lauria G, Catalano A, Sinicropi MS, Carocci A. Biological Activity of 

Selenium and Its Impact on Human Health. International Journal of Molecular 
Sciences [Internet]. 2023;24(3):2633.

3.  Bisht, Neha and Phalswal, Priyanka and Khanna, Pawan. (2021). SeNPs: A Review on 
Synthesis and Biomedical Applications. Materials Advances. 3. 10.1039/D1MA0063 
9H.

4.  Ramamurthy Ch, Sampath KS, Arunkumar P, Kumar MS, Sujatha V, Premkumar K, et al. 
Green synthesis and characterization of SeNPs and its augmented cytotoxicity with 
doxorubicin on cancer cells. Bioprocess Biosyst Eng. 2013;36(8):1131-9. doi: 10.1007/ 
s00449-012-0867-1. Epub 2013 Feb 28.

5.  Wang H, Zhang J, Yu H, Elemental selenium at nano size possesses lower toxicity 
without compromising the fundamental effect on selenoenzymes: Comparison with 
selenomethionine in mice. Free Radic Biol Med, 2007;42:1524-1533.

6.  Forootanfar H, Adeli-Sardou M, Nikkhoo M, Mehrabani M, Amir-Heidari B, Shahverdi 
AR, Shakibaie M. Antioxidant and cytotoxic effect of biologically synthesized SeNPs 
in comparison to selenium dioxide. J Trace Elem Med Biol. 2014 ;28(1): 75-9.

7.  Yu B, Zhang Y, Zheng W, Fan C, Chen T. Positive surface charge enhances selective 
cellular uptake and anticancer efficacy of SeNPs. Inorg Chem. 2012;51(16):8956-63.

8.  Beheshti N, Soflaei S, Shakibaie M, Yazdi MH, Ghaffarifar F, Dalimi A, Shahverdi AR. 
Efficacy of biogenic SeNPs against Leishmania major: in vitro and in vivo studies. J 
Trace Elem Med Biol. 2013;27(3):203-7.

9.  Nadaroglu, Hayrunnisa and Alayli, Azize and Ince, Selvi. Synthesis of Nanoparticles by 
Green Synthesis Method. International Journal of Innovative Research and Reviews. 
2017;1:6-9.

10.  Almatroudi A. Silver nanoparticles: synthesis, characterisation and biomedical 
applications. Open Life Sci. 2020;15(1):819-839.

11.  Tan YP, Chan EWC. Antioxidant, antityrosinase and antibacterial properties of 
fresh and processed leaves of Anacardium occidentale and Piper betle. Food Biosci. 
2014;6:17-23. 10.1016/j.fbio.2014.03.001

12.  Premalatha B, Sachdanandam P. Semecarpus anacardium L. nut extract 
administration induces the in vivo antioxidant defence system in aflatoxin B1 
mediated hepatocellular carcinoma. J Ethnopharmacol. (1999) 66:131-9. 10.1016/ 
S0378-8741(99)00029-X

13.  Cajado A, Aragão P, Oliveira M. Efeito antimicrobiano in vitro do extrato aquoso e 
hidroalcoólico das folhas de Anacardium ocidentale e Mangifera indica. J Health Sci. 
2016:18:177-82. 10.17921/2447-8938.2016v18n3p177-82

14.  Muraina IA, Adaudi AO, Mamman M, Kazeem HM, Picard J, McGaw LJ, Eloff JN. 
Antimycoplasmal activity of some plant species from northern Nigeria compared to 
the currently used therapeutic agent. Pharm Biol. 2010;48(10):1103-7.

15.  Silva, Rafael Rodrigues Dihl, Santos, Regina B, Alessandro de Lima, Rodrigues H, et 
al. Evaluation of antioxidant and mutagenic activities of honey-sweetened cashew 
apple nectar. Food and Chemical Toxicology. 2013;62:61-7.

16.  Kubo I., Nitoda T., Tocoli F. E., Green I. R. Multifunctional cytotoxic agents from 
Anacardium occidentale. Phytotherapy Research. 2011;25(1):38-45.

17.  Omanakuttan A., Nambiar J., Harris R. M., et al. Anacardic acid inhibits the catalytic 
activity of matrix metalloproteinase-2 and matrix metalloproteinase-9. Molecular 
Pharmacology. 2012;82(4):614-22.

18.  Rashwan AK, Younes HA, Karim N, Taha EM, Mozafari MR, Tawfeuk HZ, Chen 
W (2022b) Health properties of bioactive food compounds-loaded micro and 
nano-encapsulation systems: a review. SVU-Int J Agric Sci 4(2):178-203.

19.  Osman, A.I., Zhang, Y., Farghali, M. et al. Synthesis of green nanoparticles for energy, 
biomedical, environmental, agricultural, and food applications: A review. Environ 
Chem Lett, 2024;22:841-87.

20.  Tafinta IY, Okoye NH, Batagarawa US, Hamma II, Abubakar M. Phytochemical 
Screening and Antifungal Activities of Cashew (Anacardium occidentale Linn.) Leaves 
Extract on Some Fungal Isolates. Asian Plant Research Journal. 2020;30-7.

21.  Priya, M., Venkatesan, R., Deepa, S. et al. Green synthesis, characterization, 
antibacterial, and antifungal activity of copper oxide nanoparticles derived from 
Morinda citrifolia leaf extract. Sci Rep, :13: 18838.

22.  Eid M. Characterization of Nanoparticles by FTIR and FTIR-Microscopy. Handbook of 
Consumer Nanoproducts. 2021 Jan 1; 1-30.

23.  Mourdikoudis S, Pallares RM, Thanh NTK. Characterization techniques for 
nanoparticles: comparison and complementarity upon studying nanoparticle 
properties. Nanoscale [Internet]. 2018;10(27):12871-934.

24.  Xu R. Progress in nanoparticles characterization: Sizing and zeta potential 
measurement. Particuology. 2008;6(2):112-5.

25.  Vyas J, Rana S (2018) Synthesis of SeNPs using Allium sativum extract and analysis 
of their antimicrobial property against gram positive bacteria. Pharma Innov J 
7:262-266

26.  Sheikhlou K, Allahyari S, Sabouri S, et al (2020) Walnut leaf extract-based green 
synthesis of SeNPs via microwave irradiation and their characteristics assessment. 
Open Agric 5:227-235.

27.  Parupudi A, Mulagapati SHR, Subramony JA. Nanoparticle technologies: Recent state 
of the art and emerging opportunities. Nanoparticle Therapeutics. 2022;3-46.

28.  Kazemi S, Hosseingholian A, Gohari SD, Feirahi F, Moammeri F, Mesbahian G, et al. 
Recent advances in green synthesized nanoparticles: from production to application. 
Materials Today Sustainability [Internet]. 2023;24:100500.

29.  Mohan S, Oluwafemi OS, Songca SP, Jayachandran VP, Rouxel D, Joubert O, et al. 
Synthesis, antibacterial, cytotoxicity and sensing properties of starch-capped silver 
nanoparticles. Journal of Molecular Liquids. 2016;213:75-81.

30.  Hano C, Abbasi BH. Plant-Based Green Synthesis of Nanoparticles: Production, 
Characterization and Applications. Biomolecules. 2021;12(1):31.

31.  Mittal AK, Bhaumik J, Kumar S, Banerjee UC. Biosynthesis of silver nanoparticles: 
Elucidation of prospective mechanism and therapeutic potential. Journal of Colloid 
and Interface Science [Internet]. 2014 [cited 2022 Apr 14];415: 39-47.

32.  Kaviya S, Prasad E. Sequential detection of Fe 3+ and as 3+ ions by naked eye through 
aggregation and disaggregation of biogenic gold nanoparticles. Analytical Methods. 
2015;7(1):168-74.

33.  Gholipour B, Shojaei S, Rostamnia S, Naimi-Jamal MR, Kim D, Kavetskyy T, et 
al. Metal-free nanostructured catalysts: Sustainable driving forces for organic 
transformations. Green Chemistry. 2021;23(17):6223-72.

Author Proof



Asian Journal of Biological and Life Sciences, Vol 14, Issue 1, Jan-Apr, 2025 65

Preethi, et al.: Eco-Friendly Selenium Nanoparticles for Biomedical and Environmental Applications

34.  Ghosh A, Prasad J, Bharadwaj S, Ali SS, Chengalur JN. Characterizing foreground for 
redshifted 21 cm radiation: 150 MHz Giant Metrewave Radio Telescope observations. 
Monthly Notices of the Royal Astronomical Society. 2012;426(4):3295-314.

35.  Jha N, Esakkiraj P, Annamalai A, Lakra AK, Naik S, Arul V. Synthesis, optimization, and 
physicochemical characterization of selenium nanoparticles from polysaccharide 
of mangrove Rhizophora mucronata with potential bioactivities. Journal of Trace 
Elements and Minerals [Internet]. 2022 [cited 2024 May 29];2: 100019.

36.  Diko CS, Zhang H, Lian S, Fan S, Li Z, Qu Y. Optimal synthesis conditions and 
characterization of selenium nanoparticles in Trichoderma sp. WL-Go culture broth. 
Materials Chemistry and Physics. 2020;246:122583.

37.  Bahig El-deeb, Ebtisam Asem, Mohammed K. Biosynthesis and Optimization 
of Selenium Nanoparticles Using Streptomyces sp. Sohag Journal of Sciences. 
2022;8(1):1-6.

38.  Ikram M, Raja NI, Javed B, et al. Foliar applications of bio-fabricated SeNPs to 
improve the growth of wheat plants under drought stress. Green Process Synth, 
2020:9:706-714.

39.  Shahbaz M, Akram A, Mehak A, et al. (2023) Evaluation of SeNPs in Inducing Disease 
Resistance against Spot Blotch Disease and Promoting Growth in Wheat under Biotic 
Stress. Plants, 2023:12:761.

40.  Mishra RK, Zachariah AK, Thomas S. Chapter 12-Energy-Dispersive X-ray Spectroscopy 
Techniques for Nanomaterial [Internet]. Thomas S, Thomas R, Zachariah AK, Mishra 
RK, editors. ScienceDirect. Elsevier; 2017. p. 383-405.

41.  Vyas J, Rana S, Synthesis of SeNPs using Allium sativum extract and analysis of their 
antimicrobial property against gram positive bacteria. Pharma Innov J, 2018:7:262-6

42.  Ganesan V. Biogenic Synthesis and Characterization of SeNPs Using the Flower of 
Bougainvillea spectabilis Willd. Int J Sci Res IJSR 2013:4:4-438

43.  Mast J, Verleysen E, Hodoroaba VD, Kaegi R. Chapter 2.1.2-Characterization of 
nanomaterials by transmission electron microscopy: Measurement procedures 
[Internet]. Hodoroaba VD, Unger WES, Shard AG, editors. ScienceDirect. Elsevier; 
2020.

Cite this article: Preethi P, Annammal AA, Geetha B. Green Synthesis and Comprehensive Characterization of Selenium Nanoparticles: Towards Sustainable 
Biomedical and Environmental Applications. Asian J Biol Life Sci. 2025;14(1):56-65.

Author Proof


