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Abstract
The present study was investigated to synthesis the iron nanoparticles (FeNPs) using the leaf extract of Phyllanthus reticula-
tus. The phytosynthesized FeNPs exhibited UV–visible absorption peaks at 229 nm and its crystalline nature was confirmed 
through XRD. FT-IR analysis revealed the presence of various functional groups which are responsible for the bioreduction 
of FeNPs. The SEM results showed that FeNPs were aggregated, irregular sphere shaped with rough surfaces and EDX 
spectrum recorded densely occupied iron nanoparticles region. The particle size range of the synthesized iron nanoparticles 
was 185.6 nm. The FeNPs showed potential methylene blue decolourisation activity which was visually observed by gradual 
colour change in the dye solution from deep blue to colorless. The control exhibited no change in coloration during expo-
sure to sunlight and the iron nanoparticles completely disintegrated the methylene blue within 10 s in 10 mg/L methylene 
blue (98%), whereas the color change was decreased when the concentration of the dye increased. In addition, the phyto-
synthesized FeNPs exhibited extensive antibacterial and antifungal activity against the selected pathogens. Phytotoxicity 
assay confirms the potential of biosynthesized iron nanoparticles as a fertilizer for the growth of green gram seeds. Thus the 
present study leads to development of cost-effective green synthesis, reduction of toxic chemicals and its extensive applica-
tions in the biological sciences.
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Introduction

Synthesis, manipulation and use of nanoscale size materi-
als and/or nanoparticles have attracted much attention due 
to their unique properties and applications in the field of 
science and technology and medicine (Praveen et al. 2018). 
Among, the synthesis methods, green and/or biosynthesis 
of metal nanoparticles gained increasing attention due to 
their eco-friendly, cost-effective, reproducible nature and 
large-scale synthesis (Sengottaiyan et al. 2016; Selvam et al. 
2017; Arularasu et al. 2018; Mythili et al. 2018). Among the 
metal nanoparticles, iron nanoparticles (FeNPs) have been 
widely applied as in solar energy conversion, biomedical 
applications, drug delivery and also as a catalyst (Kumar 
and Gupta 2005). In addition, FeNPs possess strong toxicity 
against a broad spectrum of pathogenic bacteria and fungi 
(Mahmoud et al. 2011). Because of excellent properties and 
applications, FeNPs synthesis using bio-based materials 
has attracted much attention in the field of nanoscience and 
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technology. Nanoparticles synthesized using plant extract 
resulted in the photocatalytic degradation of organic dyes 
which was found to be time dependent and moreover, there 
was no loss of activity of the nanoparticles until the reuse of 
particles (Goswami et al. 2018).

Biosynthesis of FeNPs has been reported using microor-
ganisms, enzymes and plants (Devatha et al. 2016; Raj et al. 
2018). Among the biological sources, plant-based materi-
als are advantageous because, they contain higher bioactive 
molecules and/or secondary metabolites which can be effec-
tively reduced and act as a capping agent for the synthesis 
of FeNPs (Charbgoo et al. 2017). Studies on the synthesis 
of FeNPs using plants have been documented by several 
researchers (Mohan Kumar et al. 2013; Huang et al. 2014; 
Wang et al. 2014), however, to date, synthesis of FeNPs 
using Phyllanthus reticulatus has not been reported.

Phyllanthus reticulatus (Poir.) (Black honey shrub) 
belongs to the family Euphorbiaceae is widespread in India 
and tropical Africa. It act as an diuretic, antidiabetic and 
antidiarrheal agent and reported to contain various phyto-
chemicals such as lupeol, lupeol acetate, and stigmasterol, 
polyphenols, flavonoids, glycosides, tannic acid and octacos-
anol (Khatun et al. 2014). Since, the plant contains variety 
of secondary metabolites and/or bioactive molecules it could 
be used as biological reducing agents for FeNPs synthesis. 
Hence the present study is an attempt to synthesis and char-
acterize the FeNPs using P. reticulatus leaf extract and to 
assess the photocatalytic degradation of the methylene blue, 
antimicrobial activity and phytotoxicity of the synthesized 
nanoparticle under in vitro conditions.

Materials and methods

Plant material and its extract preparation

In this present study, the fresh leaves of P. reticulatus were 
collected from Mohanur, Namakkal district, Tamil Nadu, 
India and were identified by Botanical Survey of India 
(BSI/SRC/23/2018/Tech./2873), Tamil Nadu Agricultural 
University, Coimbatore, Tamil Nadu, India. To remove the 
dust particles present on the surface of the collected leaves, 
they were washed with running tap water followed by deion-
ized distilled water. The surface cleaned leaves were shade 
dried for a week and crushed into fine powder with the help 
of a suitable grinder. The powder was stored in an airtight 
container and kept in a cool, dark and dry place for further 
analysis. About 10 g of powdered leaves were dissolved 
with 100 ml of distilled water and boiled at 180–90 °C for 
30 min. The contents were filtered through Whatman No.1 
filter paper and the obtained clear filtrate was stored at 4 °C 
for further FeNPs synthesis.

Biobased green synthesis of iron nanoparticles

Ferrous sulphate was prepared in different concentrations 
(1–5 mM) and to each 1–5 ml of the leaf extract was added 
separately. The reaction time was varied from 0 to 10 min 
and the contents were incubated at room temperature. At 
the optimized conditions, the reduction of  Fe+ to  Fe0 was 
confirmed by the colour change of solution from yellow 
to black. The biosynthesized iron nanoparticles were cen-
trifuged at 1000 rpm for 5 min to obtain the black precipi-
tate which served as iron nanoparticles. The obtained iron 
nanoparticles were dissolved in 100 ml of double distilled 
water and stored at 4 °C for further analysis (Suruthika 
et al. 2020).

Characterization of FeNPs

The Phyllanthus reticulatus-mediated FeNPs was charac-
terized by various spectroscopic techniques. The forma-
tion of FeNPs and the development of Surface Plasmon 
Resonance (SPR) peak were measured by UV–visible 
spectroscopy (Hitachi U2800, Tokyo, Japan). The mor-
phology, size distribution and the elemental Fe of the 
prepared FeNPs were determined by scanning electron 
microscope equipped with X-ray energy dispersive spec-
trometer was employed (Nova, Bergenfield, USA). The FT- 
IR (Shimadzu8400S, Kyoto, Japan) analysis was carried 
out to determine the possible secondary metabolites and/
or biomolecules which are involved the reduction and cap-
ping of FeNPs. X-ray diffraction (Shimadzu XRD 7000, 
Japan) was performed to determine the crystalline struc-
ture of FeNPs and the particle size range of the synthe-
sized iron nanoparticles was determined using a particle 
size analyzer.

Photocatalytic degradation activity

Photocatalytic degradation activity of FeNPs was evalu-
ated by the disintegration of methylene blue (MB) under 
sunlight irradiation. 500 mg of FeNPs were dispersed in 
100 ml of distilled water. A series of screw cap tubes con-
taining different concentrations of MB (10–50 mg/L) was 
taken and 1 ml of prepared FeNPs solution was added 
separately to the dye solutions. The experimental setup 
was kept over the sunlight irradiation 14 h to observe the 
color change of the dye. The resultant solution was moni-
tored in the wavelength range of 680 nm in a colorimeter 
and the percentage dye removal was calculated by

Dye removal (%) = (C0 − C) ∕ C0 × 100
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Where  C0 is the initial concentration of dye and C is 
the final concentration of dye at time (Bishnoi et al. 2018).

Antimicrobial activity of synthesized iron 
nanoparticles

The antibacterial and antifungal activity of the synthesized 
FeNPs was assessed by standard agar well diffusion method 
(Bauer et al. 1966). The bacterial cultures, Klebsiella pneu-
monia (MTCC 432), Shigella flexneri (MTCC 1457), Proteus 
vulgaris (MTCC 426), Salmonella typhi (MTCC 531), Vibrio 
cholera (MTCC 3906), Pseudomonas aeroginosa (MTCC 
424), Staphylococcus aureus (MTCC 96) and Staphylococ-
cus epidermidis (MTCC 435), and fungal cultures Aspergil-
lus niger (MTCC 282), Aspergillus fumigatus (MTCC 9657), 
Aspergillus flavus (MTCC 277) and Trichoderma sp. (Acces-
sion number:KX856353) were used in the present study. The 
selected bacterial and fungal cultures were swabbed on the 
Muller Hinton agar (Bacteria) and Rose Bengal Chloramphen-
icol agar (Fungi) plates separately. To each well 20 µl (100 µg) 
of the biosynthesized FeNPs, aqueous extract of P. reticulatus 
leaves and the standard antibiotics chloramphenicol (bacteria) 
and fluconazole (fungi) which served as positive control were 
added separately. The plates were then incubated at 37 °C for 
24 h (bacteria) and at room temperature for 5 days (fungi). To 
determine the antimicrobial activity, the diameter of inhibition 
zone was measured and expressed in millimeter.

Phytotoxicity assay

The green gram seeds subjected for germination assay were 
immersed in 10% sodium hypochlorite solution for 10 min 
to ensure surface sterility (USEPA 1996). After surface 
sterilization, the seeds were soaked in distilled water  (T1), 
plant extract  (T2) and iron nanoparticles  (T3) suspensions 
for about 24 h and rinsed thrice with distilled water. The 
experiment was conducted in triplicates. A layer of cotton 
was placed on each Petri dish and 5 ml of the selected test 
medium was added separately. Seeds were then transferred 
onto the cotton layer, with ten seeds per dish and 1 cm dis-
tance between each seed. The plates were watered regularly 
with the selected treatment. Petri dishes were covered and 
placed in the dark chamber for 3 days. After 7 days of incu-
bation, germination percentage, shoot length, root length 
and vigour index of the green gram seedlings were recorded 
(Anupama et al. 2014).

Results and discussion

Among the different concentrations of ferrous sulphate solu-
tion and plant extract used with the varying time intervals, 
the colour change from yellow to black was well observed 

immediately with 2  mM ferrous sulphate with1ml of 
leaf extract indicating the synthesis of iron nanoparticles 
(Fig. 1a). The change in the colour of the solution repre-
sented the reduction of ferrous sulphate to ferrous ions and 
thereby leads to the formation of FeNPs. The reaction mech-
anism might be due to the formation of a complex when the 
plant extract was added to the metal which breaks the –OH 
bond and forms a partial bond with the metal ion. Further 
there might be breakage of the partial bond and the transfer 
of electrons to reduce the metal ions to nanoparticles (Got-
timukkala et al. 2017). Hence it is assured that biomolecules 
present in the leaf extract may function as reducing agent 
and capping agent.

UV–Vis spectral analysis (200–800 nm) of the biosynthe-
sized FeNPs showed broad absorption peak around 229 nm 
(Fig. 1b). Devatha et al. (2016) observed the strong absorp-
tion peak of FeNPs at 259 nm and our results showed that 
strong absorption band at 229 nm. The SEM image obtained 
for FeNPs synthesized from P. reticulatus and its corre-
sponding EDX spectrum is shown in Fig. 2. SEM images 
revealed that the synthesized FeNPs were aggregated and 
irregular sphere shape with rough surfaces. Ali et al. (2016) 
reported spherical-shaped irregular iron oxide particles, 
which might have occurred due to agglomeration and its 
adhesiveness, the characteristic nature of metallic nanopar-
ticles. To further validate the FeNPs, the elemental composi-
tion was determined by EDX. The EDX spectrum showed 
intense peak of 10.12% for Cl, and 38.32% for O illustrating 
the existence of macromolecule as stabilizing agent on the 
surface of iron nanoparticles and also showed a strong signal 
of pure Fe with a weight percentage of 51.56%. The presence 
of Fe and O peaks indicated the formation of FeNPs.

FT-IR analysis is carried out to determine the possible 
secondary metabolites and/or biomolecules responsible for 
the reduction of Fe ions (Fig. 3a). The strong absorption 
band at 3367.71 and 3255.84  cm−1 indicated the OH stretch-
ing vibrations and the presence of alcohols and phenols 
(Litvin et al. 2012). The peaks at 2985.8 and 2353.16  cm−1 
indicates the C-H stretching vibrations of alkanes and 
–OH stretching of amino acids. The peaks at 1639.49 and 
1473.62  cm−1 may be assigned to the amide bond of the 
proteins and C=C stretching of aromatic compounds. The 
absorption peak in the range of 1380–1240  cm−1 indicates 
C-N stretch of aliphatic amines. It has been reported by Lin 
et al. (2005) that the carbonyl groups from the amino acid 
residues and peptides of proteins have a strong affinity to 
bind metals. So that protein can act as encapsulating agent 
and thus protect the nanoparticles from agglomeration. 
The amide linkages in proteins and polypeptides give well-
known signature in IR region. Presence of organic groups 
in the FT-IR spectrum of iron oxide nanoparticles indicated 
that bioactive compounds from P. reticulatus act as capping 
agent and decorate the surface of prepared particles. This 
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Fig. 1  a Formation of FeNPs 
from P. reticulatus leaf extract b 
UV–Vis spectrum of synthe-
sized FeNPs
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organic coating increases the chemical and colloidal stability 
of iron oxide nanoparticles and also can increase the bio-
compatibility of nanoparticles (Ebrahiminezhad et al. 2017). 
From the analysis of FT-IR study, it was revealed that the 
carbonyl group from the amino acid residue, carbohydrates 
and phytochemical constituents has the stronger ability to 
bind metal nanoparticles (capping of iron oxide nanoparti-
cles) to prevent the agglomeration and thereby stabilize the 
medium. This suggests that biological molecules could pos-
sibly perform the dual function of formation and stabiliza-
tion of iron oxide nanoparticles in the aqueous medium (Ali 
et al. 2016). Shah et al. (2015) also stated that presence of 
hydroxyl, carboxyl and amino functional groups may act as 
a precursor in metal ion reduction and also as capping agent 
to form the robust coating on the metal nanoparticles and 
leads to the colour change from yellowish brown to black.

The crystalline nature and phase composition of FeNPs 
were identified by X-ray diffractometer with Bragg’s angle 
ranging from 20 to 80° within 2θ range (Fig. 3b). The XRD 
pattern of biosynthesized iron nanoparticles exhibit several 
broad Bragg’s peaks corresponding to 220, 400, 422 and 440 
orientations respectively indicating its crystalline nature of 
FeNPs.

Dynamic light scattering is a widely used technique for 
the determination of particle size in colloidal solution. Par-
ticle size and distribution are the major characteristics to 
be determined for a nanoparticles based on its saturation 
solubility, dissolution velocity, physical stability or even 
biological performance (Vishal and Agarwal 2011). The 
resulting particle size of iron nanoparticles exhibits the size 
distribution of 185.6 nm (Fig. 4). These results are consist-
ent with the UV–Vis spectra where broadness of absorption 
peak is proportional with the size of the particle. Prabha-
kar et al. (2017) reported that Mimosa pudica-based iron 

nanoparticles showed comparatively larger size distribution 
of 65–230 nm.

Photocatalytic degradation of methylene blue was investi-
gated using green-synthesized FeNPs under solar light irra-
diation. The degradation was visually observed by gradual 
change in the colour of the dye solution from deep blue to 
colorless (Fig. 5).The control exhibited no change in col-
oration during exposure to sunlight and the iron nanopar-
ticles completely disintegrated the methylene blue within 
10 s in 10 mg/L dye (98%), whereas the colour change was 
decreased in 20 mg/L (87%) and 30 mg/ L (66%) at 25 and 
30 min of incubation, respectively. Minimum decolourisa-
tion was observed in 40 mg/L (27%) and 50 mg/L (15%) 
dye inoculated with 1  ml of iron nanoparticles. It has 
been reported that the dye degradation is associated with 
the breakdown of chromophoric group of the methylene 
blue and the transformation of dye into the low molecular 
weight by-products. The results are consistent with previ-
ous studies reported the degradation of methyl orange and 
methylene blue using FeNPs synthesized from Amaranthus 
spinosus (Garole et al. 2018).The mechanism of degrada-
tion of dye took place due to the generation of surface plas-
mons under resonant excitation with molecular environment 
(Tsibul’nikova et al. 2015). It was also described by Maji 
et al. (2007) that the mechanism of degradation of dye might 
be due to photo-absorption, electrons and holes generation, 
charge carriers transfer and the recombination of carrier 
with the dye molecules. The high surface area of iron oxide 
nanoparticles in the present study assists the methylene blue 
degradation and increase the formation of hydroxyl radicals. 
The results of the present study coincides with the findings 
of Shahwan et al. (2011) who reported 80% removal of 
methylene blue dye within 5 min of sunlight irradiation and 
the remaining concentration of dye was decolourised after 

Fig. 2  SEM and EDX analysis of phytosynthesized FeNPs
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Fig. 3  a FT-IR analysis of FeNPs b XRD analysis of FeNPs
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200 min under optimized conditions. Similar studies were 
performed using iron nanoparticles to remove malachite 
green by green tea leaf extract (Weng et al. 2013), indigo 
carmine by Azadirachta indica and methyl orange by benzo-
ate supported nanoscale zerovalent iron (Chen et al. 2011). 
Govarthanan et al. (2021) investigated the photocatalytic 
degradation of methylene blue and rhodamine-B using the 
novel heterogeneous  MoS2@MIL-88(Fe) hybrid composite 
under UV irradiation.

Antibacterial activity of FeNPs was measured by the 
zone of inhibition for different pathogenic bacteria. The 
zone of inhibition of the selected bacterial isolates against 

FeNPs and leaf extract was compared with the standard 
antibiotic chloramphenicol. The FeNPs showed maximum 
zone of inhibition against Gram negative bacteria P. vul-
garis (25 mm), V. cholera (25 mm), S. flexneri (23 mm), S. 
typhi (20 mm), K. pneumoniae (15 mm) and P. aeruginosa 
(32 mm) whereas, Gram positive S. aureus (15 mm) and 
S. epidermis (17 mm) exhibited minimum zone of inhibi-
tion for iron nanoparticles (Table 1). The zone of inhibi-
tion clearly indicated that the FeNPs had significant anti-
bacterial activity against wide range of both Gram-positive 
and Gram-negative bacteria. It has been reported that the 
effect of FeNPs was mainly electrostatic attraction between 

Fig. 4  Particle size of biosyn-
thesized iron oxide nanopar-
ticles

Fig. 5  Methylene blue degrading activity of FeNPs. A-Control (Methylene blue); B 10 mg/L FeNPs; C 20 mg/L FeNPs; D 30 mg/L FeNPs; E 
40 mg/L FeNPs; and F 50 mg/L FeNPs
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positively charged FeNPs and negatively charged bacterial 
cell wall and this phenomena leads to the formation of reac-
tive oxygen species (ROS) caused by cell death (Li et al. 
2008; Burello and Worth 2011). The antibacterial activity 
was caused based on the fact that Fe ions released form iron 
oxide nanoparticles infused the bacterial cell membrane 
by attaching to the negatively charged cell wall (Ren et al. 
2009; Sankar et al. 2013). Fe ions may indulge in cross link-
age of nucleic acid strands by binding them with DNA of 
bacteria. This may lead to the disordered helical structure 
of DNA molecule which may be due to the denaturation of 
proteins and irregular of some biochemical processes in the 
cell, it may result the complete destruction of the bacterial 
cell (Yallappa et al. 2013). Ravishankar Rai and Jamuna Bai 
(2011) and Tong et al. (2012) reported that iron oxide nano-
particles can interact with thiol (–SH) group of the protein 
present on the bacterial cell wall that leads to the denatura-
tion of surface protein along with the loss of cell membrane 
permeability, subsequently cause cell death. Also they act 
with phosphorus present inside the DNA by inactivating 
and inhibiting the enzyme activity leading to the death of 
bacteria.

The antifungal activity of the green synthesized FeNPs 
was compared with the standard antibiotic fluconozole. The 
fungicidal activity of FeNPs was found to be maximum in 
Rhizopus sp. and Trichoderma viridae with corresponding 
zone of inhibition of 31 and 30 mm, respectively. A. fumiga-
tus and A.niger showed a zone of inhibition of 25 mm and 
followed by A. flavus (18 mm), respectively (Table 2). The 
zone of inhibitions on the fungal plates clearly indicated 
the antifungal activity of FeNPs. It has been reported that 
the maximum zone of inhibition depends on the concentra-
tion of FeNPs and also spore concentration produced by the 
corresponding fungi. Abdeen and Salahuddin (2013) have 

been reported that the iron nanoparticles possess promis-
ing antimicrobial activity against several human pathogens. 
Nehra et al. (2018) reported that the iron oxide NPs showed 
strong lethal effects towards the A. niger and F. solani. The 
broad spectrum of antibacterial and antifungal activity of the 
synthesized FeNPs could be used as potential antimicrobial 
agent in the field of clinical medicine. Similarly, zinc oxide 
nanoparticles were synthesized using funnel-shaped ivory 
flowers of Candelabra cactus which exhibited anticancer 
and antibacterial activity (Govarthanan et al. 2020).

The results of phytotoxicity assay such germination per-
centage, shoot length, root length and vigour index of green 
gram seeds grown with distilled water  (T1), Phyllanthus 
reticulatus leaf extract  (T2), and biosynthesized iron nano-
particles  (T3) were depicted in Table 3. The germination 
percentage was maximum  T1 (97%) followed  T3 (93%) and 
 T2 (90%) (Fig. 6). Similar trend was noticed in the vigour 
index of green gram seeds (Table 3). The values observed 
for the shoot lengths of green gram were 3.83, 1.54 and 
3.54 cm in  T1,  T2 and  T3, respectively. The root length was 
heightened in  T1 (2.92 cm) followed by  T3 (1.35 cm) and  T2 
(0.69 cm). Increase in the germination and seedling growth 
by biosynthesized iron oxide nanoparticles shows that iron 
with plant extract might have acted as stabilizer and proves 
to be non-toxic in nature. It has also been anticipated for the 
bioremediation of pollutants (Yavuz et al. 2006; Barrena 
et al. 2009). Literature also says that iron oxide nanoparticles 
act as non-toxic material in many fields (Ju-Nam and Lead 
2008) and also perform as biostimulant and micronutrient 
(Liu et al. 2014).

Conclusion

Phyto-synthesis of FeNPs using P. reticulatus leaf extract 
is a cost effective, simple and eco-friendly method that 
excludes the hazards arising out of the use of harmful reduc-
ing and/or capping agents. The phyto-synthesized FeNPs 
have potential broad-spectrum of antibacterial and antifun-
gal activity. Furthermore, the catalytic activity of FeNPs to 
degrade methylene blue, classic contaminant of water bodies 

Table 1  Antibacterial activity of the biosynthesized FeNPs and leaf 
extract

Bacterial isolates Zone of inhibition (mm)

P. 
reticulatus 
extract

FeNPs Chloramphenicol

Gram negative bacteria
 Proteus vulgaris 10 ± 1.3 25 ± 2.4 30 ± 2.5
 Vibrio chlorae 18 ± 2.1 25 ± 3.2 32 ± 2.7
 Shigellaflexneri 12 ± 1.0 23 ± 2.6 36 ± 2.5
 Salmonella typhi 12 ± 1.0 20 ± 1.5 32 ± 3.1
 Klebsiella pneumonia 13 ± 1.5 15 ± 1.2 35 ± 3.8
 Pseudomonas aeruginosa 50 ± 4.8 32 ± 3.4 42 ± 4.2

Gram positive bacteria
 Staphylococcus aureus 10 ± 1.1 15 ± 1.3 35 ± 3.4
 Streptococcus epidermis 12 ± 1.7 17 ± 1.1 31 ± 3.0

Table 2  Antifungal activity of the biosynthesized FeNPs and leaf 
extract

Fungal isolates Zone of inhibition (mm)

P. reticulatus 
extract

FeNPs Fluconazole

Trichoderma viridae 15 ± 1.2 30 ± 2.2 40 ± 3.4
Aspergillus niger 22 ± 2.1 25 ± 2.3 30 ± 2.9
Aspergillus fumigatus 20 ± 2.0 25 ± 2.3 30 ± 2.8
Aspergillus flavus 13 ± 1.1 18 ± 1.9 20 ± 1.7
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was successfully investigated. The outcome of this study 
may find applications in therapeutics, agriculture and textile 
industries.
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