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ABSTRACT
Nanotechnology is one of the most promising technologies that give us better outcomes from biological and industrial issues. 
This work ismainly based on the green synthesis of iron oxide nanoparticles, assisted by the flower extract. The nanopar-
ticles were synthesized and characterized using UV Visible spectroscopy with characteristic absorbance peaks at 300 nm 
and 310 nm. Prominent Fourier-Transform Infrared Spectroscopy (FTIR) peaks were obtained corresponding to phenols, 
amide group, aromatic ring, hydroxyl group, and carbonate ions involved in the stabilization of iron oxide nanoparticles 
formation. Dynamic light scattering analysis of nanoparticles showed the average sizes as 80.7 nm. Scanning electron 
microscope images revealed that the size of iron nanoparticles in the range of 160-300 nm. The green synthesized iron 
nanoparticles have promising potential to inhibit the growth of bacteria. Iron oxide nanoparticles inhibit E. coli, B. subtilis, 
P. aeruginosa was also enumerated as antimicrobial study. The phytochemicals alkaloid, flavonoid, glycoside, terpenoid, 
and saponin present in theSenna auriculata may be attributed to reducing iron oxidenanoparticles.
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1. INTRODUCTION

Nanotechnology is defined as the manufacture of mate-
rials and devices on the scale of atoms or small groups 
of atoms. The “nan scale” is measured in nanometre, or 
billionths of a meter (nanos, Greek word for “Dwarf”- 
source of the prefix). The materials built at these scales 
exhibit distinctive physical and chemical properties 
because of quantum mechanical effects. Nanotechnology 
promises greater fuel efficiency in inland transportation, 
ships, aircraft, and space vehicles.1 The ongoing world-
wide nanotechnology revolution is predicted to impact 
several areas of biomedical research and other science 
and engineering applications, including nanoparticles-
assisted drug delivery, cell imaging, and cancer therapy.2 
According to the American Society for Testing and 
Materials (ASTM international 2006), nanoparticles size 
ranges between 1–100 nm.3 They have enhanced physi-
cal and chemical properties due to the large reactive and 
exposed surface area with quantum size. They are widely 
used in many fields such as electronics, photochemi-
cal, and biomedicine. They affect as a result of specific 
electronic structures.4 Nanoparticles have biomedical 
applications to deliver pharmaceutics for both diag-

nostic and therapeutic purposes because they are very 
small-sized particles. They can also be used for targeted 
drug delivery, and the metallic nanoparticles respond 
resonantly to the magnetic field. Surface modification of 
the nanomaterial hasa strong effect on the interaction of 
these nanomaterials with cells, and it also helps to convert 
toxic nanomaterial to the less toxic or less toxic to more 
toxic nanomaterial.5

Iron enters the body through the mouth, throat, or 
digestive tract. The total iron content in adultstypically 
ranges from 3.5 g to 5.0 g. Nearly 20 mg to 25 mg of iron 
recirculates in our body. The average uptake level of 
iron in women ranges from 0.040 mg to 0.155 mg per dL 
of human blood content. For men, it ranges from 0.055 
mg to 0.160 mg per dL of human blood level.6,7 The iron 
content above the average level in our body leads to 
hemochromatosis. This is the state in which skin darkens 
due to the presence of more iron in the bloodstream. 
Hence the blood is removed from the body, and fresh 
blood with normal mineral contents is transferred to 
the body regularly.9 The iron content below the normal 
level in our body leads to iron deficiency diseases such 
as anemia, obesity, and anxiety. This condition shows 
the inability of the body to take iron from external and 
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internal sources. This is when the hemoglobin level in 
human blood gets reduced due to a lack of transferrin–
iron bonding because of the low iron level in the body. 
Blood transfusion is the only way to treat iron deficiency. 
Hence the iron level should be maintained in the body to 
keep the body working in average condition.10

Iron oxide nanoparticles exist in two forms – one 
is magnetite (Fe2O4), and another is its oxidized form 
maghemite (Fe2O3). Iron oxide nanoparticles have super 
paramagnetic properties, which havea wide range 
of applications in many fields.11 Although cobalt and 
nickel are also high in paramagnetic properties, but 
they are toxic and easily oxidized. The applications of 
nanoparticles include the development of terabit mag-
netic devices, catalysis, sensors, super paramagnetic 
relaxometry (SPMR), magnetic resonance imaging 
(MRI), magnetic particle imaging (MPI), magnetic 
fluid hyperthermia (MFH), separation of biomolecules, 
targeted drug delivery and targeted gene delivery for 
medical diagnosis and therapeutics. The nanoparticles 
are coated by long-chain fatty acids, alkyl-substituted 
amines, anddiols.12,13Iron oxide nanoparticles are being 
used in numerous technologies and incorporated into a 
wide array of consumer products that take advantage 
of their desirable optical, conductive, and anti-bacterial 
properties.

Senna auriculata is a leguminous tree. It is commonly 
known as matura tea tree or avaram. The flower of Senna 
auriculata is the state flower of the state Telangana. It has 
a wide range of medicinal values.14 It has cooling prop-
erty; hence it is used to reduce the elevated body tem-
perature. The decoctions of the flower are used against 
fever. The phytochemicals present in the flower extract 
lowers the elevated blood glucose level. Hence, it is used 
to treat hyperglycemia, which means high glucose level 
in the bloodstream.15-17 The seeds of Senna auriculata are 
powdered and applied for conjunctivitis. The antimi-
crobial along with cooling activity heals eye infections. 
Because of the presence of high antioxidants in flowers, 
it keeps our skin and body healthy by neutralizing the 
free radicals. The leaves of Senna auriculata have laxative 
properties.18

2. MATERIAL AND METHODS
2.1. Materials, Drugs & Reagents
Beaker, conical flask, test tubes, measuring cylinder, 
glass rod, Petri plates funnel, Wagner’s reagent, Meyer’s 
reagent, glacial acetic acid, NaOH, HCl, H2SO4, CHCl3, 
Potassium hydroxide, Lead acetate, Copper sulfate, 
Ferric chloride, Nutrient agar, Iodine, Sodium hydroxide, 
Luria- Bertani broth, Ampicillin, Double distilled water, 
Sterile distilled water, Ethanol – 70 % & 100%, Laminar 

airflow chamber, weighing balance, water-bath, UV 
Visible spectrophotometer, Fourier transform infrared 
spectroscopy (FTIR), Dynamic light scattering instrument 
(DLS), Scanning electron microscope (SEM), centrifuge 
and micropipettes. Magnetic pellets, centrifuge tubes - 2 
mL, 15 mL & 50 mL, cotton plugs, aluminum foil, filter 
paper, Whatman No 1 filter paper, buds, micropipette 
tips, cuvette, spatula, Escherichia coli, Bacillus subtilis, 
Pseudomonas aeruginosa, LB broth, and Nutrientagar.

2.2. Synthesis of Iron Oxide Nanoparticles 
from Senna auriculata
The flowers of Senna auriculata were collected from 
Anna University, Trichy, India and authenticated by Dr. 
M. Palanisamy, Scientist-Incharge, Botanical Survey of 
India. The collected flowers were washed with tap water 
to remove the dust content along with it. Then again it 
is repeatedly washed with Reverse Osmosis (RO) water 
to remove the unwanted debris. They were shade dried 
for 5 days in clean environment to naturally dehydrate 
the water content in it. After 5 days the dried samples 
were powdered using mechanical blender to obtain dry 
powder of the extract.Iron oxide nanoparticles were 
synthesized out by green synthesis method.

5 grams of the powdered sample was mixed with 
200 mL of sterile double distilled water and heated at 
60˚C for 20 minutes. Filter the content with Whatman 
No.1 filter paper and the extract was stored at -4°C for 
further uses. Different concentrations of ferric chloride 
were prepared, made up to a constant volume with sterile 
double distilled water, and mixed along with the varying 
volume of flower extract. The precursor ferric chloride 
was reduced to iron nanoparticles in flower extract; here, 
the reducing agent is flower extract.

Figure 1 shows the color changes from light brown 
to black, indicates the formation of iron nanoparticles 
in the aqueous solution. Then they were centrifuged 
at 4,000 rpm for 15 minutes at room temperature. The 
supernatant was discarded, and wash the pellet once 
with ethanol to remove the impurities. The weight of the 
pellet was obtained to calculate the optimal nanoparticles 
synthesis. The high amount of iron nanoparticles were 
obtained in the 25 mM concentration of ferric chloride 
precursor and 150 mL of flower extract. The pellet weight 

Fig. 1: Synthesis of iron oxide nanoparticles
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of nanoparticles was 400 mg (Table 1). The iron oxide 
nanoparticles were characterized using DLS and SEM 
to find the average size and morphology.19-21

A: Before nanoparticle formation; B: Black colour appears 
after nanoparticle formation; C: FeO nanoparticle pellet 
after centrifugation

2.3. Phytochemical Analysis of Senna 
auriculata
Phytochemical screening plays an important role in 
reducing the extract solution into nanoparticles solution 
when the particular precursor is added. The presence of 
phytochemicals like alkaloid was observed by Wagner’s 
Test, flavonoids by alkaline reagent test, saponin by foam 
test, carbohydrates by Fehling test, and glycosides by 
Keller Kelliani’s test.22

2.4. Characterization of Nanoparticles
Characterization was done to determine its size and 
various physical properties using instruments like UV 
Visible spectrophotometer, FT-IR, DLS and SEM. The 
distinct peak at a specific nanometer represents the pres-
ence of iron oxide nanoparticles. The functional groups 
attached in the nanoparticles were analyzed by FT-IR 
analysis. The size of the synthesized nanoparticles was 
analyzed using DLS method. SEM images give a clear 
definition to the size of thenanoparticles.23,24

2.5. Test for Anti-bacterial Activity
The anti-bacterial activities of iron oxide nanoparticles 
were tested by the agar well diffusion method. The 
required amount of nutrient agar was prepared in a 
conical flask using distilled water and sterilized at 121ºC 
for 15–20 minutes, poured into sterile Petri dishes, and 
allowed to cool forsolidification.After confirming the 
sterility of the agar plates, they were swapped with 
bacterial isolates evenly over the surface of the agar in 
the plate. Using the micropipette tips,4 wells were cut 
at each petri dish with equal space in-between them. 
Iron nanoparticles were prepared in the concentration 
of 20 mg/mL in a 2 mL microcentrifuge tubes. The iron 
nanoparticles were then introduced into each well. The 
plates were placed for incubation at 37ºC for 24 hrs. After 

that, the plates were observed for the zone of inhibition. 
The zones were measured with a transparent measur-
ing ruler.25,26

3. RESULTS AND DISCUSSIONS
3.1. Phytochemical Analysis
Phytochemical analysis was done for the flower extract 
of Senna auriculata. Figure 2 and Table 2 shows that car-
bohydrates, phenol, and tannin were absent, and alka-
loids, flavonoids, glycosides, terpenoids, and saponins 
were present,which can be confirmed bya color change 
of extract solution. Studies have shown the presence of 
secondary metabolites in the extracts of Senna auriculata. 
The phytochemicals play an essential role in reducing 
the extract solution into nanoparticles solution when 
the particular precursor is added based on the required 
nanoparticles.

3.2. Morphology Analysis (SEM)
The scanning electron microscope images the sample surface 
by scanning it with a high-energy beam of electrons in a 

Table 1: Optimization of iron nanoparticles synthesis

S. 
No. Ferric chloride

Sterile double 
distilled water

Flower 
extract

1 1 M 25 mL 25 mL

2 0.5 M 25 mL 25 mL

3 15 mM 25 mL 25 mL

4 25 mM 25 mL 25 mL

5 35 mM 25 mL 25 mL

 

A B C D E F 
Fig. 2: Phytochemical result for Senna auriculata

A: Alkaloid; B: Flavanoid (NaOH); C: Flavanoid (HCl); 
D:Glycoside; E: Saponin; F: Terpenoi

Table 2: Phytochemical result for Senna auriculata
S. 
No. Compound Indication Inference
1 Alkaloids Formation of reddish-brown 

precipitate
+

2 Flavonoids Appearance of yellow 
colour

+

3 Saponin Formation of foam +
4 Terpenoids Formation of monolayer of 

reddish brown colour
+

5 Tannins Appearance of blue colour -
6 Phenols Formation of precipitate -
7 Glycosides Appearance of reddish 

brown colour
+

8 Carbohydrates Appearance of blue colour -
‘+’ indicates presenceofphytochemical; ‘-’indicates absence of 
phytochemical



Disholin D Priya et al.: Iron oxide nanoparticles characterization and antimicrobial studies www.sierrajournals.com

Page | 30 International Journal of Applied Pharmaceutical Sciences and Research Vol 6 Issue 3 July-September, 2021

raster scan pattern. SEM images clearly show that the mor-
phological smoothers of the iron oxide nanoparticles. Figure 
3 shows the size of the nanoparticles was in the range of  
160–300 nm.

3.3. Particle Size and Zeta Potential Analysis 
(DLS)
The particle size analysis of the synthesized nanopar-
ticles is done in aqueous reaction media and dry iron 
oxide nanoparticles dispersed in distilled water using 
zeta sizer in DLS mode. In Figure 4, it was observed that 
the average particle size was 80.7 nm which confirmed 
that the reduction of the metal precursor as nanoparti-
cles since nanoparticles as in the range of 1000 to 1 nm. 
Hence it was concluded that the average size of the iron 
nanoparticles were in the range of 80.7nm.

3.4. Optical Analysis (UV-Vis)
The nanoparticles were primarily characterized by UV-Vis 
spectroscopy, which was proved to be a beneficial tech-
nique for the analysis of nanoparticles. In UV-Visible spec-
tral analysis, the absorbance spectrum was recorded for 
200-800 nm. In Figure 5, a strong peak at 310 nm represents 
the formation of iron nanoparticles from flower extract in 
the presence of the precursor ferricchloride. UV-Vis spec-
trograph of the iron oxide nanoparticles has been recorded 
as a function of time using a quartz cuvette with water as 
a reference. In the UV-Vis spectrum, the broadening of the 
peak indicated that the particles are dispersed.

3.5. Fourier Transform Infrared Spectrum 
(FT-IR) Analysis
The dry samples of synthesized iron oxide nanoparticles were 
mixed with potassium bromide(KBr) powder and made into 
pellet form using Hydraulic pellet press machine and placed 
in Fourier transform Infra-Red spectrophotometer analysis 
of the nanoparticles using KBr pellets asreference. Figure 6 
shows a strong absorption peak at 3,425 cm−1 indicates the 
presence of phenols and alcohols with a free O–H group. 
The peak at 1,648 cm−1 represents the presence of the amide 
group. The peak at 1,021 cm−1 may be assigned due to the 
C–O–Cgroup. FT-IR analysis confirmed that the bioreduc-
tion of ferric chloride into iron oxide nanoparticles is due to 
the reduction by capping material of Senna auriculataflower 
extract.

3.6. Antimicrobial Assay
Studies on the antibacterial activity of extracts of Cassia 
auriculata extracts were conducted using agar disc 
diffusion method. The microorganisms used include 
Staphylococcus aureus, Enterococcus faecalis, Bacillus subtilis, 
Salmonella typhi, Salmonella paratyphi A, Escherichia coli, 
Proteus mirabilis, Pseudomonas aeruginosa, Klebsiella pneu-
moniae, Vibrio cholera, and Shigella dysentrae. The maximum 
activity was observed against all organisms except Pseu-
domonas aeruginosa and Klebsiella pneumoniae. The aqueous 
flower extracts of Senna auriculataused to synthesize iron 
oxide nanoparticles using ferric chloride as the precursor 

A B

Fig. 3: Morphology analysis(SEM)
A: SEM image of iron nanoparticle – 5 µm; B: SEM image of iron 

nanoparticle – 2 µm

Fig. 4: DLS analysis of iron nanoparticle Fig. 6: FT-IR analysis of iron nanoparticle

Fig. 5: UV Visible spectrophotometry – FeO Nanoparticle
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subtilis,and Pseudomonas aeruginosa for iron nanoparticles 
were 8 mm, 19 mm, 17 mm. These results infer that the Fe 
nanoparticles have a wide application range andpotency.
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