Arabian Journal of Chemistry (2023) 16, 104675

King Saud University

ovamitresd T | Arabian Journal of Chemistry

King Saud University

www.ksu.edu.sa
www.sciencedirect.com

ORIGINAL ARTICLE

Check for
updates

Biosynthesis of Bixa orellana seed extract mediated
silver nanoparticles with moderate antioxidant,
antibacterial and antiproliferative activity

Bijoy Maitra®, Most Halima Khatun*, Firoz Ahmed *, Nasim Ahmed *,
Hurey Jahan Kadri®, M. Zia Uddin Rasel *, Barun Kanti Saha *, Mahmuda Hakim ",
Syed Rashel Kabir ©, M. Rowshanul Habib ©, M. Ahasanur Rabbi **

* BCSIR Laboratories Rajshahi, Bangladesh Council of Scientific and Industrial Research (BCSIR), Rajshahi 6206, Bangladesh
® Biomedical and Toxicological Research Institute, Bangladesh Council of Scientific and Industrial Research (BCSIR), Dhaka
1205, Bangladesh

€ Department of Biochemistry and Molecular Biology, Rajshahi University, Rajshahi 6205, Bangladesh

Received 3 November 2022; accepted 11 February 2023
Available online 15 February 2023

KEYWORDS Abstract  Biosynthesis of metallic silver nanoparticles (AgNPs) has gained much interest and offers
Biosynthesis; an attractive alternate to physical and chemical approaches. In recent year several safe, easy, cost-
Bixa orellana; effective, reproducible, and environmentally friendly synthesis approaches for silver nanoparticles
Antibacterial activity; have been developed. In this research work, a simple, cheap, and unexplored method was applied
Antioxidant activity; on green synthesis of AgNPs using secondary metabolites extracted from Bixa orellana seeds. The
Antiproliferative activity seeds are rich of flavonoids and phenolic compounds which presumably responsible for the fast

reduction and stabilization of silver ion into silver nanoparticles. The biosynthesis process is very
likely to be able to reduce silver ions under simple physiological conditions. The surface plasmon
resonance (SPR) that was appeared at 420 nm in UV-vis spectrum, had confirmed the formation
of AgNPs. Moreover, the functional groups in secondary metabolite that act as reducing, capping
and stabilizing agents for silver nanoparticles, are identified by Fourier transform infrared (FTIR)
spectra. An X-ray diffraction analysis generated four peaks for Bixa orellana seed extract mediated
AgNPs positioned at 20 angles of 38.1°, 44.2°, 64.6°, and 77.5° corresponding to crystal planes
(111),(200), (220), and (311). Field emission scanning electron microscope (FESEM) and trans-
mission electron microscopy (TEM) images confirmed the formation of nanosized silver particles.
The z-average of the synthesized particles measured by dynamic light scattering (DLS) was found

* Corresponding author.
E-mail address: ahasanurrabbi(@ bcesir.gov.bd (M.A. Rabbi).

Peer review under responsibility of King Saud University.

ELSEVIER Production and hosting by Elsevier

https://doi.org/10.1016/j.arabjc.2023.104675
1878-5352 © 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://crossmark.crossref.org/dialog/?doi=10.1016/j.arabjc.2023.104675&domain=pdf
mailto:ahasanurrabbi@bcsir.gov.bd
https://doi.org/10.1016/j.arabjc.2023.104675
http://www.sciencedirect.com/science/journal/18785352
https://doi.org/10.1016/j.arabjc.2023.104675
http://creativecommons.org/licenses/by-nc-nd/4.0/

B. Maitra et al.

to be 92.9 nm. AgNPs synthesized exhibited remarkable antioxidant activity, antibacterial and
antiproliferative activity against human breast (MCF-7) cell line. On the basis of our results, we
conclude that biologically synthesized AgNPs exhibited favorable characteristics and have the
potential to be used in biomedical fields.
© 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Since last century nanotechnology is a rapidly growing field which is
considered as the modern multidisciplinary science involving the
fields of physics, chemistry, materials science, biochemistry, and med-
ical science (Porter and Youtie, 2009, Tarafder et al., 2013). The term
‘nanotechnology’ has been used for a range of technologies, tech-
niques and processes that involve the production, manipulation,
and engineering of matter at the nanoscale level (atomic level) to
describe extra-high precision and ultra-fine dimensions (Salata,
2004). In recent years, nanomaterials with unique physical, chemical,
and biological properties are being used in medicine (Murthy, 2007,
Zhang et al., 2008, Rudramurthy et al., 2018, Musielak et al.,
2022) chemical sensing (Liu et al., 2018, Saha et al., 2012), imaging
(Jin et al., 2008, Nune et al., 2009), drug delivery (Patra et al.,
2018, Soppimath et al., 2001, Wilczewska et al., 2012, Yao et al.,
2020), cosmetics (Aziz et al., 2019, Fytianos et al., 2020), catalysis
(Astruc, 2020, Carabineiro, 2019, Testa et al, 2019), separation
science (Che et al., 2019, Phuong et al, 2016) and electronics
(Gross et al., 2007, Payel and Pandey, 2022). Nanoparticles (NPs)
play an important role in nanotechnology which can be defined as
the clusters of atoms that have a size of 1 to 100 nm in at least
one dimension. NPs have possessed novel physical and chemical
properties which make them different from that of the bulk form
including vast surface area to volume proportion, high surface
energy, uniformity, specific optical properties, mechanical strengths,
and specific magnetizations (Khan et al., 2019).

Synthesis of metal nano-particles is achieved by several techniques
which include physical, chemical or biological methods. But physical
and chemical methods are not so suitable for the synthesis of silver
nano-particles when we consider low toxicity, ecofriendliness, cost
effectiveness, and low time consumption (Ahmad et al., 2011, Wu
et al.,2010). Instead of conventional chemical synthesis methods,
bio-synthesis of nanoparticles using microorganism (Klaus et al.,
1999, Nair and Pradeep, 2002), enzymes (Thapa et al, 2017,
Willner et al., 2006), and plant extract (Chung et al, 2016,
Salayova et al., 2021, Vanlalveni et al., 2021) has been considered
as a significant and valuable alternative. Plant source and plant
extract are non-toxic in nature and thus provide a better platform
for the green synthesis of nanoparticles (He et al., 2017a). Different
parts of plant are being used to synthesize metal nanoparticles. In
the recent past nanoparticle synthesis using flower (Devanesan and
AlSalhi, 2021, Cheng et al., 2020, Mathew et al., 2020, He et al.
2018, Padalia et al., 2015), leaf (Khan et al., 2020, Jain and
Mehata, 2017, Kouvaris et al., 2012), fruits (Kumar et al., 2017), fruit
peel (Alkhulaifi et al.,2020, Ibrahim, 2015), root (Alishah et al., 2016,
Arokiyaraj et al., 2017, Dangi et al., 2020), bark (Ahmed et al., 2016,
Bharathi et al., 2018, Rajeshkumar, 2016), stem (Karthiga, 2018,
Tahir et al., 2015, Wan Mat Khalir et al, 2020) and seed
(Nawabjohn et al., 2022, Kanniah et al., 2021, Masudulla et al.,
2021, Salmen, 2020, Shobana et al., 2020, He et al., 2017b) have been
reported. Despite a good number of research articles have been found
still extensive research work is carried out using plants and their parts
for nanoparticle synthesis due to scale up cost effective commercial
production. Scientists have been trying to find greener ways to ensure
nanoparticles stay dispersed in their target environments with novel
and improved properties (Heiligtag and Niederberger, 2013).

In recent time, natural products specially plant mediated synthesis
of novel metal nanoparticles is a vastly emerging area of research and
has been receiving increased attention due to their eco-friendly,
biodegradable and nontoxic nature (Raveendran et al., 2003). In
biosynthesis, plant extracts act as provider of both reducing agents
for reduction of silver ions into silver metal and a capping agent for
stabilizing the produced nanoparticles. Generally, alkaloids, tannins,
steroids, phenols, saponins and flavonoids compounds of plant
extracts are the major phytochemicals that are induced green synthesis
of nanoparticles, due to their reducing properties and high stability of
the synthesized nanoparticles (Ahmed et al., 2016). During the past few
years various metals have been used to prepare nanoparticles but
nanocrystalline silver is one of the best-known nanomaterials which
have been extensively used in medicine throughout recorded history
(Klasen, 2000, Patra et al., 2008, Strohal et al., 2005). Currently
AgNPs have attracted the attention of researchers to employ it in dif-
ferent applications because of their chemical stability, localized surface
plasma resonance, catalytic activity, high conductivity and antibacte-
rial activities. Consequently, AgNPs are predominantly engineered
for biomedical applications such as targeted drug delivery, bio-
labeling, imaging probe, wound healing, endodontics etc. (Nakamura
et al., 2019, Shameli et al., 2012).

It has been demonstrated that plant-derived phytochemicals such
as, such as polysaccharides, flavonoids, phenolic acids and alkaloids,
are capable of effectively reducing metal ions. These compounds also
act as stabilizing agent and provide colloidal stability along with pre-
venting agglomeration and stopping uncontrolled growth of metal
nanoparticles (Xulu et al., 2022). So, the main goal of the present study
is to synthesize and characterize silver nanoparticles for the first time
using aqueous seed extract of Bixa orellana which is commonly known
as Anatto, Lipstick Tree, Achiote, etc. It is a medium sized evergreen
shrub and its height can reach 5-10 m. The fruits of Bixa orellana are
red, globular, ovoid capsules. Capsules are arranged in clusters that are
looking like red-brown seed pods. 3045 cone-shaped seeds are con-
tained by each capsule or pod and these seeds are covered in a thin
waxy blood-red aril. After full maturation, dried capsules are splited
to expose the red seeds. These seeds and the extract have been used
for more than 200 years in Europe and North America as food col-
orant (Chuyen et al. 2012). Hard seeds of Bixa orellana are rich in fla-
vonoids (Abayomi et al., 2014) and carotenoids (Rivera-Madrid et al.,
2016, Raddatz-Mota et al., 2017), which can be a promising green
resource to synthesize and stabilize metal nanoparticles (Hussain,
et al. 2019). There are no reports available for silver nanoparticles
(AgNPs) synthesis using bioactive extract of Bixa Orellana seeds and
to the best of our knowledge, this is the first report of a rapid, room
temperature protocol for AgNPs synthesis using the seed extract.

2. Materials & methods

2.1. Materials

Bixa orellana seeds were collected from remote area of Raj-
shahi. After washing the seeds were kept at room temperature
for drying. The dried seeds were stored in a dry and airtight
container for further use. All chemicals used in the investiga-
tion were of reagent grade purity. Silver nitrate (AgNO3)
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was purchased from Mark, India and sodium hydroxide
(NaOH) and 2,2-Diphenyl-1-picrylhydrazyl (DPPH) were pur-
chased from Merck, Germany. Four different bacterial strains
namely Staphylococcus aureus (ATCC 25956), Escherichia coli
(ATCC 27853), Shigella dysenteriae (ATCC 26131) and Shi-
gella boydii (ATCC 27890) were collected from Department
of Biochemistry and Molecular Biology, Rajshahi University.
These strains were preserved at 4 °C on agar slant and sub cul-
tured at 37 °C for 24 h on nutrient broth media. Antibiotic,
Erythromycin standard disc was used as positive control for
antibacterial activity and water was distilled using a laboratory
(Pyrex glass) distillation apparatus before the experiment.

2.1.1. Preparation of Bixa orellana seed extract

25 g of seed was weighted carefully and transferred it in a bea-
ker of 1000 mL containing 250 mL of distilled water and 1 mL
of 1 M Sodium hydroxide (NaOH) solution was added to it.
The mixture was warmed at 70 °C with continuous stirring
for 30 min on hot plate magnetic stirrer. The st extract was
collected by filtering with clean muslin cloth. Again 250 mL
of distilled water and 1 M NaOH solution was added to that
beaker containing seed residue and stirred for 2 h at 70 °C.
The 2nd extract was collected by filtering with another muslin
cloth and both of the filtrates were mixed together. Finally, the
filtrate was filtered again through Whatmann filter paper
(Fig. S1) and stored at 4 °C prior synthesis of nanoparticles.

2.1.2. Green synthesis of silver nanoparticle

1 mM silver nitrate solution was used as the source of silver.
Seed extract and silver nitrate solution were mixed together
with ratio of 1:1. 5 mL of 1 M NaOH solution was added to
the mixture to facilitates the reduction of silver ions by gener-
ating intermediates that are more easily reduced to zero
valence silver (Park et al., 2020). The mixture was continuously
stirred at 400—-500 rpm on a magnetic stirrer. The flow of nitro-
gen gas was supplied during synthesis to make inert atmo-
sphere to prevent the formation of silver oxide. The mixture
turned into dark brown color within few minutes but the reac-
tion was continued for 2 h to maximize the AgNPs synthesis.
The bio synthesized AgNPs were kept at room temperature
for 24 h. The prepared AgNPs were washed by using dialysis
membrane technique (dialysis membrane 60, Himedia, India).
The washed nanoparticles were stored in a cool, dry, dark
place and later their characterization was performed.

2.2. Characterization

UV-vis spectral analysis was performed by using Spectrum
UV-visible spectrophotometer (Spectrum 500 D, Germany).
The absorbance maximum was recorded for the dilute solu-
tions of seed extract and dilute emulsion of synthesized AgNPs
with the wavelength range from 200 to 800 nm. Thermogravi-
metric analyzer, TGA (STA 8000, Perkin Elmer, Netherland)
was used to measure the thermal properties for 10.0 mg of
the dried powder samples. The sample was dried under a flow-
ing nitrogen atmosphere at a heating rate of 20 °C min~" and
the mass loss in percent was recorded. Fourier Transform IR,
FTIR (Perkin Elmer, FTIR-1400, UK) was used as a tool to
investigate the structural functionality of Bixa orellana seed
extract and synthesized AgNPs. The seed extract and synthe-
sized AgNPs samples were dried at low temperature

(~50 °C) under vacuum and mixed with KBr. The samples
were dried again prior analysis and then pressed onto pellets.
Samples were scanned over the range between 4000 and
400 cm™! in deflection mode at room temperature. Optical
microscope images of the synthesized AgNPs were taken by
N-800 M (China) to study the cluster size and shape. Dilute
dispersion of the washed particles was used for optical micro-
scope images and images were captured at 40 x magnification.
Field emission scanning electron microscope (FESEM) image
provides information of surface structure and morphology of
nanomaterials through the scattered secondary electrons by
the surface atoms. Synthesized AgNPs was imaged in the
FESEM using a JSM-7610F operated in the range of 5 to
15 kV and magnification x 200,000. Before imaging in the
SEM dried sample was platinum coated by JEOL Auto fine
coater (JEC-3000FC). EDX spectrum was recorded with
energy dispersive X-ray spectroscopy adaptor coupled to the
SEM. Transmission electron microscope (TEM) images were
taken by Taalos F 200X, Thermofisher Scientific for character-
izing size and shape of synthesized AgNPs. TEM measurement
was prepared by depositing a drop of colloid solution on a 300-
mesh copper (Cu) grid coated by carbon film and evaporating
the solvent in air at room temperature. Size distribution of the
synthesized AgNPs and its polydispersity index (PI) was
checked using a particle size analyzer. The colloidal dispersion
of NPs was analyzed by Horiba analyzer (SZ-100). Particle size
analysis is performed by dynamic light scattering (DLS) at 25
OC with scattering angle 90. Scanning X-ray diffractometer
(Bruker D8 Advance, Germany) was used to record the X-
ray diffraction (XRD) patterns of the synthesized AgNPs
where the intensity measurement was done at 26 values from
10 to 80°. Here the scanning rate was 1° min~' with a
position-sensitive detector aperture at 25 °C. Semi quantitative
phase analysis software was applied to process diffraction
spectrum and this software was useful to minimize noises,
smooth the data and identify the peaks.

2.2.1. Free radical scavenging activity

The DPPH assay method as described by Shen et al. (2010)
was followed here to evaluate free radical scavenging capabil-
ity of synthesized AgNPs. In this assay, first 0.1 mM solution
of DPPH was prepared in methanol. Then 1 mL of this solu-
tion was added to 3 mL of methanolic dispersion of synthe-
sized AgNPs. Ascorbic acid was used as reference materials
and the DPPH scavenging activity with variable particle con-
centrations (50, 100 and 200 ug mL~") were studied. After vig-
orous shaking, the mixtures were allowed to stand in a dark
place at room temperature for 30 min. Then absorbance was
taken at 517 nm and the percentage of DPPH radical scaveng-
ing was calculated by using the following formula.

Percentage (%) scavenging of radical
- {(Acomrol - Asumple)/Acomrol) X 100}

where Acontrol Was the absorbance of reaction mixture with-
out samples and Agmpie Was the absorbance of the reaction
mixture with samples. After three-time replication, the mean
values were used to calculate percentage (%) scavenging.

2.2.2. Antibacterial activity assay

The antimicrobial efficacy of synthesized AgNPs was evalu-
ated by disc diffusion assay method (Habib et al., 2009). Sepa-
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rate sterilized petri dish was used for each type of pathogens
and particles. 0.2 mL of cultured test organism was poured
on the surface of solid nutrient agar media previously taken
into each sterilized petri dish. Then 7.5-40 pL of dispersion
containing three different amounts (15, 40 and 80 pg) of
respective particles were dropped carefully over filter paper
disks that were previously placed on the surface of cultured
test organism. Erythromycin standard disc (15 pg/disc) was
used as positive control for each petri dish. All the assay plates
were placed in the refrigerator at 4 °C for 4 h for allowing sam-
ple diffusion. After diffusion, all the plates were incubated at
37 = 1 °C for 24 h to ensure bacterial growth. After incuba-
tion, diameter of the zone of inhibition surrounding each filter
paper disc was measured. Each experiment was carried out in
triplicates and mean value of inhibition zone for a particular
dose was taken to make final results.

2.2.3. Evaluation of the anticancer Activity:

Cell Culture: DMEM medium supplemented with 10 % FBS,
neomycin, and streptomycin was taken in a 25 cm? cell culture
flask and it was used to culture the MCF-7 cells at 37 °C in
5 % CO,. Subcultures were carried out at 80-90 % confluence
(Kabir et al., 2020).

Assay for antiproliferative activity of AgNPs against MCF-
7: MTS assay was done to detect proliferation of MCF-7 cells
using the guideline of manufacturer (Promega, USA). For
MTS assay, 1 x 10* MCF-7 cells were seeded in 150 pL of
DMEM medium contained by the each well of the 96-well flat-
bottom culture plate and the plate was incubated at 37 °C in a
CO, incubator for 24 h. Then, serially diluted AgNPs in 50 uL.
of DMEM medium were added to each well of the culture
plate and the final concentration of the test sample was 3.90—
37.25 pg/mL. Then the plate was incubated at 37 °C in a
CO, incubator for 48 h. Wells containing only MCF-7 cells
without AgNPs were used as controls. Then, aliquot of each
well was removed, and 100 pL. of DMEM medium was added.
After that, 10 pL of MTS with phenazine ethosulfate was
added to each well and incubated for 2 h. Finally, a micro plate
reader with 490 nm filter was used for measuring the absor-
bance. Three wells were employed for each concentration,
and by the following equation, cell proliferation inhibition
was estimated.

Proliferation inhibition ratio (%) = (A — B) x 100/A
where A and B designates ODy499 nm of the cellular homo-

genate (control) without AgNPs and with AgNPs, respectively
(see Fig. 1).

3. Results and discussion

The preparation of silver nanoparticles was done at room tem-
perature by simple bottom-up approach. Biosynthesis of
AgNPs using aqueous extract of Bixa orellana seeds can be
easily monitored from the instant change in color of the reac-
tion mixture. A distinct color change was observed after addi-
tion of colorless silver nitrate aqueous solution to alkaline seed
extract (Fig. 2). The color of the seed extract changed from
light yellow to dark brown indicating formation of silver
nanoparticles (Ahmed et al., 2016).

UV-visible spectroscopy is one of the most widely used
techniques for the analysis of NPs and the synthesized AgNPs
were primarily characterized by UV—vis absorption spectrum.
The absorption spectrum due to the free electron excitation
of the brown colored silver colloids was confirms the produc-
tion of silver nanoparticles and the surface plasmon absorption
band with a maximum of 420 nm (Fig. 3b) indicating the pres-
ence of spherical or nearly spherical silver nanoparticles
(Kumar et al., 2018, Roy et al., 2017). The absorption spec-
trum of the seed extract and AgNPs are shown in Fig. 3.
The UV-vis spectrum was recorded for extended time period
to investigate the stability of AgNPs. The synthesized AgNPs
were found to be stable as no precipitation was observed in
the sol (Guzman et al., 2009).

FTIR analysis of pure Bixa orellana seed extract was car-
ried out to identify the potential functional groups of the phy-
tochemicals in its seed extract and that might have contributed
to the process of bio-reduction of silver ions (Ag™) to silver
nanoparticles (Ag®). The FTIR spectrum of Bixa orellana seed
extract showed peaks at around 2930, 1615 and 1383 em™!
which correspond to the C—H stretching, C=C stretching
and C—H bending vibrations respectively which is in good cor-
relation with that of the other reports (Alshehri and Malik,
2020, Devi et al., 2020). FTIR spectrum of AgNPs showed
high similarity with the spectra of the seed extract except small
change in peak position and intensity (Fig. 4). The dual role of
the seed extract as a reducing and capping agent and presence
of same functional groups in AgNPs was confirmed by FTIR
analysis of synthesized silver nanoparticle. The peaks for
C—H stretching, C—C stretching and C—H bending vibra-
tions were shifted to 2926, 1610 and 1384 respectively in the
FTIR spectrum of synthesized AgNPs. The involvement of
biomolecules extracted from Bixa orellana seed in biosynthe-
sizing of nanoparticles was confirmed with shifting of peaks
(Monisha et al., 2017). Two broad bands were found in the
both spectra at 3600-3200 cm ™' and 1150-1010 cm ™' due to

Bixa orellana seed pods

Seed

Aqueous extract

Fig. 1

Extraction of reducing agents from Bixa Orellana seeds.
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Seed extract
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Fig. 2
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Fig. 3  UV-vis spectra of a) Bixa orellana seed extract & b) Bixa
orellana seed extract mediated AgNPs.

T%
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Wavenumber (cm™)

Fig. 4 FTIR spectra of Bixa orellana a) seed extract & b) seed
extract mediated AgNPs.

the stretching vibrations of O—H (alcohol/phenol) and C—O
(alcohol) respectively (Pirtarighat et al., 2019). The shoulder
peak at 1715 cm ™' was found in the FTIR spectrum of B. orel-
lana seed extract due to C=0 stretching which was shifted to
1710 cm™! in the AgNPs. There was no excess peak in the
range of 500-540, corresponding to free metal ions of silver
(Ssekatawa et al., 2021). Thus, the FTIR study reveals the fla-
vonoids the other compounds including OH and CO groups
have a vital role as a reducing agent, which reduces Ag”* to
Ag® and as a stabilizing agent in the green synthesis of AgNPs.

Color change due to the formation of AgNPs.

Thermogravimetric (TG) curves of silver nanoparticles syn-
thesized by Bixa orellana seed extract is presented in Fig. 5. In
initial step of the decomposition process occurring between 40
and 100 °C, weight loss (~3%) of sample might be associated
with the evaporation of moisture adsorbed on the surface of
the AgNPs. At a temperature of 100 to 380 °C AgNPs sample
again loses about 21 % of its weight due to the consequence of
the degradation of the organic biomolecules present at the sur-
face of the nanoparticles as capping agent (Esfanddarani et al.,
2018). The reason of this weight loss is the decomposition of
phenolic acids, flavonoids and carotenoids which present in
the seed extract and are responsible for the stabilization of
AgNPs (David and Moldovan, 2020). A gradual loss account-
ing about 26 % was observed between 350 and 450 °C which
might be happened because of the thermal degradation of
resistant aromatic compounds present on the surface of the sil-
ver nanoparticles. Above 450 °C no weight loss was observed
until 800 °C and the residual mass at 800 °C was found to
be 49.80 %. Thus, residual mass (~50 %) of the particles
attributed to the presence of metallic silver (Moldovan et al.,
2018).

The X-ray diffraction (XRD) analysis has confirmed the
crystalline nature of the synthesized AgNPs and the powder
XRD pattern is shown in Fig. 6. Bragg Reflection peaks as
shown by silver nanoparticles were found at 38.1°, 44.2°,
64.6° and 77.5° that correspond to (111), (200), (220) and
(311) planes of face centered cubic (FCC) crystal structure
of metallic silver, respectively (Rabbi et al., 2020, Venkatadri
et al., 2020, Jemal et al., 2017). The reflection planes have a
good match with the Joint Committee of Powder Diffraction

100

75

50

Weight %

25

25 200 375 550 725
Temperature °C

Fig. 5 TGA graph of silver nanoparticles synthesized by Bixa
orellana seed extract.
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Fig. 6 (a) XRD pattern of AgNPs synthesized by Bixa orellana

seed extract, (b) JCPDS file No. 04-0783.

Standard (JCPDS File No. 04-0783) corresponding to the
reflections of crystal planes. Synthesized silver nanoparticles
are composed of pure crystalline silver. The peak correspond-
ing to (111) plane is more intense than the other planes, sug-
gesting that the (111) plane is in the predominant orientation.

Fig. 7 represents (a) Field emission scanning electron
microscope (FESEM) and (b) Transmission electron micro-
scope images of the synthesized AgNPs. As shown in Fig. 7
(a), the nanoparticles were aggregated in layer with average

size distribution varying from approximately 20 to 40 nm.
Clustering of nanoparticles may be attributed to the interac-
tion of concentrated nanoparticles with the organic compo-
nents of Bixa orellana seed extracts used in biosynthesis
(Ssekatawa et al. 2021). Aggregation of nanoparticles was
induced by solvent evaporation during preparation of the film
of nanoparticles for FESEM imaging. SEM image also dis-
played crystalline and quasi-spherical shapes except few large
aggregates. The synthesized AgNPs might be spherical in
shape throughout in the colloidal solution (Ahmad and
Sharma, 2012).

Inclusion of the organic phytochemicals as capping agent
from Bixa orellana seed extract can be observed by difference
in contrast of the particle image (Fig. 7b) where the lighter part
around the particle represents segment (Palani-velan et al.,
2015). This thin layer around AgNPs, suggests that, the silver
nanoparticles were successfully capped by water soluble phyto-
chemicals which significantly hindered aggregation of AgNPs
(He et al. 2017a). However partial agglomeration observed in
the TEM image which might be occurred either during sample
preparation or during exposure to electron beam. Partial
agglomeration is also confirmed by the optical microscope
images (Fig. S2) of dilute dispersion of synthesized AgNPs.
The colloidal suspension of synthesized AgNPs was stable
and from DLS histogram the average hydrodynamic diameter
was around 92.9 nm (Fig. 8). DLS measures only the diameter
of nanoparticles dispersed in liquid and not the actual size of
the nanoparticles. Subsequently the average size of biosynthe-
sized AgNPs obtained from DLS in this work is larger than
that measured from SEM and TEM. It was reported that lar-
ger size from DLS than SEM and TEM is due to result of
Brownian motion influence (Adebayo-Tayo et al. 2019,
Zhang et al. 2016, Lim et al. 2013). According to Mulvaney

Fig. 7

(a) FESEM and (b) TEM images of AgNPs synthesized by Bixa orellana seed extract.
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Fig. 8 Size distribution of AgNPs as studied by DLS.

(1996) the colloidal solutions having a polydispersity index
(PI) less than 0.50 are considered to be of “good” quality.
The PI for the colloidal solution of AgNPs is 0.310 and despite
partial aggregation, individual cluster of AgNPs which are as
small as 100 nm are still visible (indicated by yellow box in
Fig. 7a). Bixa orellana seed extract mediated bioynthesis pro-
cess results in the formation of a nearly monodisperse colloidal
dispersion of AgNPs. The dispersion was found to be stable
which is also in accordance with the result previously reported
for colloidal nanoparticles stability (Kartini et al. 2020).
Energy-dispersive X-ray spectroscopy (EDX) is a surface
analytical technique which is used to estimate the composition
or number of metals at the surface of the nanoparticles can be
estimated. EDX spectrum is the graphical representation of the
ionization energy versus counts. Fig. 9 shows the EDX spec-
trum of AgNPs synthesized by Bixa orellana seed extract.
EDX spectroscopy results confirmed the significant presence
of all the peaks of pure metallic Ag with no other elemental
contaminants. The AgNPs showed a strong absorption peak
at approximately 3 keV, which is the characteristic absorption
of metallic silver nano crystal (Aromal and Philip, 2012,
Abdel-Hafez et al., 2016). Weaker signals from O & C atoms
were appeared which correspond to the organic compounds
present as capping agents and originated from Bixa orellana
seed extract. Absorption peak for Pt was appeared due to
platinum-coating which was used to prepare the sample before
SEM/EDX analysis. The weight percentage (W%) of silver,
oxygen and carbon were found to be 53.65, 21.34 and
25.01 % respectively. Thus, from EDX analysis the weight per-
centage of nano silver is about 53 %, this result also supports
the finding of the TGA thermograph (see Figs. 5 and 9).
Antioxidants that can be natural or synthetic substances,
are vital agents to protect or delay cell damage caused by oxi-
dants (Azeez et al., 2017, Bedlovicova et al., 2020). Metal and
metal oxide nanoparticles, carbon nanotubes, and various
types of nanomaterials have been reported to exhibit antioxi-
dant properties (Valgimigli et al., 2018). To investigate the
antioxidant activity of metal nanoparticles DPPH assay is
most commonly used. Generally, all green synthesized silver
nanoparticles possess higher values of antioxidant activity
than plant extract alone (Salari et al., 2019). At room temper-
ature the delocalization of an unpaired electron over the mole-
cule is responsible for stability of DPPH radical which gives
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Fig. 9 EDX spectrum of AgNPs synthesized by Bixa orellana
seed extract.
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Fig. 10  Free radical scavenging activity of ascorbic acid (green
column) and synthesized AgNPs (orange column).

rise to the deep violet color. This radical can be reduced in
the presence of an antioxidant molecule by accepting an elec-
tron or hydrogen (Kedare and Singh, 2011, Kharat and
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Mendhulkar, 2016) to become stable. The DPPH radical scav-
enging activity of synthesized AgNPs were found to be 50.76,
62.78 and 78.86 % in presence of 50, 100 and 200 pg/ mL
AgNPs respectively (Fig. 10). Thus, some active constituents
present in the synthesized AgNPs, are capable of donating
electron or hydrogen to a free radical in order to remove
odd electron and this electron or hydrogen donation is respon-
sible for radical’s reactivity (Gangwar et al., 2014). Particu-
larly, the presence of phytochemicals like phenolic
compounds, terpenoids, and flavonoids in Bixa orellana seed
extract act as key players for offering the antioxidant activity
of AgNPs. They allow nanoparticles to play role as singlet oxy-
gen quenchers, hydrogen donors, and reducing agents simulta-
neously (Elemike et al., 2017). The findings can be correlated
with the DPPH free radical scavenging activity of pure Bioxa
orellana seed extract (Abayomi et al., 2014).

The antibacterial properties of silver have been well known
and the green synthesis process can improve the biocompatibil-
ity and reduce their potential harmful effects on human health
and the environment (Qing et al., 2018). In this study antibac-
terial activities of the Bixa orellana seed extract mediated silver
nanoparticles have been investigated against four pathogens.
No inhibition zone was found for the negative control and
the antibacterial activities of AgNPs increased with the
increase of particle concentration which supports previous
findings (Moldovan et al., 2018, Duran et al., 2010). Size,
shape and formulation of silver nanoparticles also influence
their antibacterial efficacy (Franci et al., 2015). Synthesized
AgNPs possessed remarkable antibacterial properties against
the growth of all Gram positive and Gram-negative bacterial
strains used in this study (Fig. S3). With variable particle con-
centrations the inhibition zones for AgNPs are in the range of
07-17 mm (Fig. 11). With 80 pg/disc AgNPs, the maximum
inhibition (17 mm) zone is observed against Shigella dysente-
riae. The above study also suggests that comparatively less
toxic AgNPs with moderate antibacterial activity will be a
promising bioactive nanomaterial.

The in vitro cytotoxicity of synthesized AgNPs against
MCEF-7 cell line was determined using the MTS test. It was
obvious from Fig. 12, that AgNPs had the ability to diminish
MCF-7 cell viability in a dose-dependent manner. AgNPs
showed cytotoxicity to EAC cells at four different concentra-
tions after completion of treatment. The growth inhibitory
effect of AgNPs was found to get decreased gradually with
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Fig. 11  Antibacterial activity of AgNPs synthesized by Bixa
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Fig. 12 In vitro growth inhibitory activity of AgNPs against

MCEF-7 cell line. Each value is presented as the mean + standard
deviation from triplicate measurements.

reduced concentrations. The maximum inhibition (68.3 %)
was seen at a concentration of 31.25 pg/ml, while the least inhi-
bition (21.2 %) was obtained at a concentration of 3.90 pg/ml.
When the concentration of AgNPs was reduced to ten times
lower from higher concentration, the percentage of inhibition
became one third of maximum inhibition. So drastic reduction
was not observed in growth inhibition by lower dose of
AgNPs. Previous study done by Kaler et al. also showed sim-
ilar type of results where the green synthesized AgNPs have
cytotoxicity against MCF-7 cells (Kaler et al., 2013). More-
over, the anticancer activity of Potentilla fulgens mediated
AgNPs was tested against MCF-7 cancer cell line (Mittal
et al., 2015) where a 42 % of growth inhibition was reported
for MCF-7 at 6 pg/mL concentration. In this study, 34.8 %
inhibition was observed for AgNPs at 7.81 pg/mL concentra-
tion. As compared with this previous observation, AgNPs syn-
thesized from Bixa orellana seed extract showed moderate
efficacy against MCF-7 cancer cell line.

4. Conclusions

In this present study, we have demonstrated the use of Bixa orellana
seed extract as the reducing and capping agent for the rapid synthesis
of AgNPs at room temperature through a simple one pot synthesis.
The dispersion of AgNPs was stable without any external stabilizer.
The active phytoconstituents present in the Bixa Orellana seed extract
as detected by FTIR may have aided the successful bio-reduction of
Ag* to Ag® and long-term stabilization of synthesized AgNPs. Aver-
age hydrodynamic diameter of the monodispersed AgNPs was found
to be 92.9 nm and the XRD peaks attribute to the crystalline FCC
structure of silver. Synthesized AgNPs exhibited significant antioxi-
dant activity with moderate antibacterial activity against both Gram-
positive and Gram-negative bacteria. Furthermore, synthesized
AgNPs showed moderate efficacy against MCF-7 cancer cell line.
The synthesis method of AgNPs using Bixa orellana seed extract is
energy efficient, cost effective, protecting human health and environ-
ment followed by green chemistry principle. This extract highly rich
in phenolic compounds and results suggest that the synthesis process
of AgNPs can be considered for further scale-up process studies to pro-
vide AgNPs in a sufficient amount. This eco-friendly method could be
a competitive alternative to the conventional physical or chemical
methods used for synthesis of AgNPs and thus has a potential to use
in biomedical applications such as fabrication of hospital clothes,
gloves and masks to avoid the spread of infection among healthcare
workers.
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