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Abstract — Iron nanoparticles (Fe-NPs) were synthesized employing Lagenaria siceraria (LS) leaf aqueous extract as
a reducing and capping medium to remove methylene blue (MB) dye and have antibacterial properties against G-
negative (Escherichia coli) and G-positive bacteria (Staphylococcus aureus). The formation of LS-Fe-NPs (Lagenaria-
siceraria-iron-nanoparticles) was confirmed by a change in color from pale yellow to dark brown. Characterization
techniques, such as particle size analysis (PSA), transmission electron microscopy (TEM) and scanning electron microscopy
(SEM), were employed to prove nano spherical particles of size range between 80-100 nm. Phytochemicals and the presence
of iron in LS-Fe-NPs nanoparticles were proved by UV-visible spectrophotometry. Further, Fourier transform infrared
spectroscopy (FTIR) analysis results confirmed the existence of bioactive molecules in the plants. The magnetic property was
analyzed using a vibrating sample magnetometer (VSM), which displayed that the synthesized nanoparticles were
superparamagnetic and exhibiting a saturation magnetization of 12.5 emu/g. Synthesized magnetic nanoparticles were
used in methylene blue (MB) dye removal through adsorption. About 83% of 100 mg/L. MB dye was removed within
120 min at pH 6 with a maximum adsorption capacity of 246.8 mg/g. Antibacterial efficacy of LS-Fe-NPs was screened
against G-negative (Escherichia coli) and G-positive bacteria (Staphylococcus aureus), respectively, and found that LS-

Fe-NPs were effective against Staphylococcus aureus.
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1. Introduction

Limited freshwater supply and water pollution issues have become
increasingly common throughout the world [1]. Unfortunately, nearly
3.1 percent of deaths occurring every single year, which amounts to
around 1.7 million people around the world, are attributed to
hazardous potable water [2]. It is anticipated that more than 57
percent of the worldwide population will face water scarcity by year
2050 [3]. Shortage of drinking water is mainly due to contamination.
Dangerous organic and inorganic contaminants discharging from
industries are poisoning the water of developing countries [4]. The
first pollutant visible in wastewater is color. Dyes are extensively
utilized in numerous industries, such as plastics, pulp and paper,
textiles, leather. Textile effluent has been identified as one of the
largest sources of wastewater in ASEAN countries. Azo dyes are a
class of organic compounds with a complex aromatic molecular
configuration that can impart vivid color to different compounds.
On the other hand, the dye molecules due to aromatic complex
structures make them long-lasting and less volatile [5]. Another key
concern is hazardous bacteria found in water, such as Escherichia
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coli (diarrhea), Vibrio cholerae (cholera), Salmonella typhosa (typhoid),
and others. This necessitates the urgent need for technological
progress in order for fast and effective elimination of pollutants and
toxins from aquatic ecosystems [6].

Nanotechnology leads to the creation of new materials or the
renovation of existing materials. The primary objective of nanotechnology
is synthesizing nanoparticles, which have a wide scope of use in
numerous science disciplines [7,8]. Among various nanoparticles,
iron-oxide magnetic nanoparticles (IOMNPs) have numerous
applications in fields like drug delivery [9,10], magnetics targeting
[11], hyperthermia cancer therapy [12,13], biomolecule separation
[14,15], stem cell sorting and manipulation, thermal-ablation [16],
negative MRI contrast enhancement, gene therapy [17], applications
in food-industry [18] and bioprocess intensification antimicrobial
agents [ 19]. Furthermore, because their surface sites are more inherently
susceptible to colored compounds, heavy metals and other pollutants,
magnetic nanoparticles have been widely used for organic or inorganic
contaminated wastewater treatment [20,21]. There is already a
plethora of chemical, physical, hybrid, and biological techniques
accessible to synthesize various types of nanoparticles [22]. Each
approach produces nanoparticles with distinct features. The co-
precipitation method is perhaps the easiest and most effective way
to obtain magnetic particles chemically. The key benefit of the co-
precipitation method is that it can produce a large amount of
nanoparticles [23,24]. The technology of synthesizing green NPs
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Fig. 1. Structure of methylene blue (MB) dye, the molecular for-
mula is C;¢H1gN3SCl and molecular weight is 319.85 g/mol,
IUPAC name 3,7-bis (dimethylamino)-phenothiazine-5-ium
chloride.

has received significant attention, and it focuses on techniques to
reduce the use of hazardous compounds to save the environment
[25]. The synthesis of green metallic NPs is the reduction and
oxidation process that takes place because of the reduced capacity
of extracellular or intracellular components like carbohydrates,
phenols, proteins, metabolites and other organic acids, which provide
electrons to the metal cations, convert them into a metallic form
having zero charge and on a nanometer size [26]. Aldehydes, alcohols,
carboxyl, ketones, amines, sulthydryl and hydroxyl are the intermediate
functional groups in the production of NPs, hence nearly any biological
substance that contains these groups may be used to convert metal
ions into NPs [27].

There is no literature available on the implementation of Lagenaria
siceraria aqueous extract along with magnetic nanoparticles in the
dye removal application. In the present study, Lagenaria siceraria
leaves were employed for the synthesis of Fe-NPs by the green
route. Lagenaria siceraria is a tropical and subtropical annual non-
woody herbaceous climber plant having an ancient history of
conventional medicinal usage in various countries. The entire plant
has been proven to be useful in ancestral medical systems. The fruit
is diuretic and sweet, antibilious, antipyretic, tonic for the liver,
antiperiodic and vulnerary. It can treat blood illnesses, as well as
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Fig. 2. Process details for synthesis of nanoparticles (LS-FE-NPs).
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muscle discomfort and also it is useful in the treatment of various
diseases, such as jaundice, hypertension, diabetes, ulcers, congestive
cardiac failure, piles, colitis, insanity and dermis problems [28]. In
the leaf; phenolics, flavonoids and tannins are present. The phytochemicals
that have carboxyl, hydroxyl, and functional amino groups, can be
used as metal-capping medium and reducing medium to synthesize
Fe-NPs [29]. Nanoparticles synthesized from Lagenaria siceraria
leaves aqueous extract which are super-paramagnetic in nature have
been used in this study to remove MB dye (structure of MB dye is
shown in Fig. 1) from synthetic water via adsorption technique. The
antibacterial activity is also assessed against G-negative (Escherichia
coli) and G-positive bacteria (Staphylococcus aureus).

2. Materials and Methods

2-1. Materials

The chemicals used in the present work are from certified reagent
grade that have not been subjected to any additional treatment.
Distilled water was used to prepare the solutions. Volumetric flasks
made of glass and the reaction vessels were treated with 10%
H,SO,4 (Merck India) and rinsed multiple times. Methylene blue
dye (MB) was purchased from Sigma Aldrich, used as adsorbate.
Ferric sulfate heptahydrate (Fe,SO4.7H,0, 99.5%), sodium hydroxide
(NaOH), hydrochloric acid (HCL) and ethanol (99.9%) were
purchased from Merck India used in this investigation.

2-2. Synthesis of LS-Fe-NPs

Fresh Lagenaria siceraria leaves were obtained from a home
garden. Lagenaria siceraria (LS) leaves were gently cleaned with
distilled water to remove surface dust. Fig. 2 represents the detailed
process of nanoparticle synthesis. The extract was made by boiling
100 g finely chopped fresh Lagenaria siceraria leaves in 500 mL

Magnetic nanoparticles

—_—

Antibacterial test against gram-positive
bacteria (Staphylococcus aureus) and gram
negative (E. coli)

e p




Fe-Nanoparticle Amalgamation Using Lagenaria siceraria Leaf Aqueous Extract with Focus on Dye Removal and Antibacterial Efficacy 289

distilled water (60°C) for 1.5 h; after that the obtained extract of the
plant was left to reach room temperature, then filtration was done in
vacuum and the obtained solution was stored in a refrigerator at
4 C for further use. The co-precipitation method was used to prepare
nanoparticles. The nanoparticles were synthesized with some
modifications as described by Wang et al., 2014 [30]. The leaf
extract was added to 0.06 M Fe,S0,.7H,0 precursor salt solution
with a volume ratio of 2:1 and constant stirring was done for 1hr.
The color of suspension changed from pale yellow to a dark brown
color, which was an indication of the reduction of Fe-ions. Dropwise
addition of 0.01 M of NaOH was done for precipitation. Diluted
HCL was also added dropwise until the pH 10 was obtained. After
this, the suspension was put for precipitation for about 30 min. The
suspension was then centrifuged for 15 minutes at 5000 RPM to
separate the nanoparticles. Proper washing of obtained NPS with
distilled water and ethanol was done several times followed by
centrifugation until the pH 7 was attained. Before use, the NPs were
dried using the vacuum at 40 C for 24 h and stored in sample
holder.

2-3. Characterizations

For the examination of morphological attributes SEM analysis
was carried out. Fig. 2 indicates the successful synthesis of nanoparticles.
The samples were taped to metallic discs and then enclosed with a
thin gold layer that was electrically conductive and were analyzed
under SEM modal Instrument JSM-6380 installed at Visvesvaraya
National Institute of Technology, Nagpur (India). For morphological
characteristics, scanning electron microscopy was employed for 4
min at a 5 kV accelerating voltage upon gold coating [31]. The pictures
were taken at different magnifications. The presence of different
elements in the NPs was estimated using energy dispersive X-ray
analysis (EDS) in conjunction with SEM. The sample was evaluated
using EDS software, which performed ZAF correction and subsequent
peak combination to get the exact quantity of the components that
occurred in the specimen. To examine the size of the nanoparticles,
TEM (200 kV, HITACHI H-800, Japan) and PSA (Microtrac\FLEX
11.0.0.4, Japan) techniques were employed. PSA has been done
which was installed at MNNIT Allahabad, Uttar Pradesh. FTIR
spectra of the green LS-Fe-NPs show the various phytochemicals
present on the NP’s surface. For measurement, 1% (w/w) sample
was combined with 100 mg KBr powder and pressed into a sheer
slice. FTIR was done from Material Research Center MNIT, Jaipur
of model name Perkin Elmer Spectrum version 10.4.00. UV-vis
spectroscopy is a quantitative measurement used to determine the
concentration LS-Fe-NPs. UV-Vis-spectrometer (Perkin Elmer,
Shimadzu, Japan) installed at the Chemical Engineering Department,
MNNIT Allahabad, Uttar Pradesh, was used with reference to distilled
water was found in the range of 200-600 nm. VSM is a scientific
tool that determines magnetic properties and magnetic behavior of
synthesized NPs. VSM was done from CIR Lab, MNNIT Allahabad,
Uttar Pradesh of model name Versa Lab VSM version 2.0,1.0.

2-4. Dye adsorption experiment

Erlenmeyer flasks were used for all of the batch adsorption
studies. For adsorption, a 100 mL aqueous solution of MB dye (100
mg/L) was put in the flask, along with a known amount of prepared
iron nanoparticles and then the flask was put on a magnetic stirrer at
150 RPM for 120 min at room temperature (25 C) and pH 6. The
flask was then removed from the stirrer and iron obtained iron
nanoparticles was separated by a magnetic bar and the leftover MB
dye concentration in the solution was measured using a UV-Visible
spectrophotometer (Systronics 117) with a wavelength of 664 nm.
The percentage of MB dye removal was computed from Eq. (1):

% Removal = (C’;J x 100 (1)

The equilibrium adsorption capacity was computed using Eq. (2):

(C-C)

qe=—b—xV @
where, g, = Adsorption capacity at equilibrium (mg/g)

C;and C, = Initial and equilibrium adsorbate concentration
(mg/L), respectively

m = Adsorbate mass (g)

V' = Volume of the solution (L)

Control was prepared simultaneously using 100 mg/L of MB and
its concentration was measured in UV Visible Spectrophotometer
(Motras Scientific UV PLUS, India) after each adsorption experiment.
Different parameters (pH, adsorbent dose, Initial concentration and
contact time) were adjusted to find the optimum conditions for MB
adsorption bye adjusting one parameter at a time while maintaining
the others constant. The pH of dye was varied (2, 4, 6 and 10), dose
of iron nanoparticles was varied from 2 mg/L to 8 mg/L, the
starting concentration of MB was varied from 100 mg/L to 500 mg/
L, the contact time of adsorbent and adsorbate was from 5 min to
120 min.

2-5. Antibacterial activity

The Agar disc plate method was used to determine the LS-Fe-
NPs suspension which has antibacterial action against S-aureus,
which is a g-positive bacteria and g-negative bacteria, Escherichia
coli, it was cultured in an agar nutrient medium before being used.
The medium was autoclave-sterilized at 120 C for 30min.
Microorganism colloidal solution (52.20 CFU/L, McFarland barium
sulfate standard) was cultured for 40~50 C (0.50/50 mL medium)
and then transferred to a Petri dish. Before being placed in the
nanomaterial solutions, dual bacteria were placed separately within
the broth solution, which was distributed across different tubes and
thoroughly assembled in the center of the Petri dish. Both bacteria
were placed in broth solution in discrete test tubes, then a well was
created in the Petri dish's center and filled with LS-Fe-NPs solution.
For antibacterial properties, bacterial growth was detected after the
above plates were pre-incubated for 24 h at 37 ‘C. The distance
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between the disk’s border and the edge of the bacterial growth was
used to calculate the appearance of inhibition zones [17].

3. Results and Discussion

3-1. Characterization by SEM and EDX

Fig. 3(a) and (b) show the sizes and morphology of LS-Fe-NPs.
The NPs exhibit a spherical shape having non-uniform features in
agglomerated form. This aggregation could be explained by the
presence of polyphenols and antioxidants in Lagenaria siceraria leaves
extract serving as a capping medium on the surface of particles [16].
The product’s constitution was also determined by EDS as shown in
Fig. 4. The EDX spectra revealed a high peak of iron in the 6.0~7.0 keV
band. The oxygen was also found in the energy range from 1.0 to
2.0 keV. The obtained results show a total element’s content of 61.92
wt% Fe, 36.08 wt% O and other trace elements like 1.7 wt% Pt and
0.3 wt% S were present.

3-2. Characterization by TEM and PSA
The size distribution of the prepared nanoparticles was determined

Kirti, Suantak Kamsonlian, Vishnu Agarwal, Ankur Gaur and Jin-Won Park

using TEM. Fig. 5 shows that LS-Fe-NPs are spherical shape having a
size of 100 nm, while PSA analysis confirmed that they were in the
nano range. TEM investigation was carried out using a 200 kV
HITACHI H-800 service. Similar findings were reported by Katata-
Seru et al., 2018 [32] by depicting FeNPs spherical shape of nanoparticles
prepared from Moringa oleifera extracts. The differential intensity

Fig. 3. SEM image of LS-Fe-NPs at different magnifications: (a) 10000 and (b) 5000.
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Fig. 4. EDX spectrum of LS-Fe-NPs.
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Fig. 6. Particle size distribution (PSA) image synthesized LS-Fe-NPs.
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Fig. 7. UV-vis spectrum of Lagenaria siceraria leaf extract, FeSOy-
7H,0 precursor salt and iron nanoparticles.

related to particle size distributions of the synthesized LS-Fe-NPs
obtained from PSA analysis is shown in Fig. 6, which shows that
the particles are of nano-size in approximately 80~100 nm range.
Similar results were also reported in literature [31].

3-3. Characterization by UV-Visible spectroscopy

Fig. 7 shows the UV spectra of Lagenaria siceraria leaf extract,
FeSO,-7H,0 precursor salt and iron nanoparticles. The peaks at
245-304 nm in leaf extract belong to polyphenols, according to UV
spectra [33]. However, after reaction with Fe?" the intensity of peak
272 nm decreased, and the production of LS-Fe-NPs was observed
in wide absorption at a higher wavelength. The function of the
phytochemical-rich Lagenaria siceraria extract in the nanoparticle
formation process was revealed by the change in color from pale
yellow to dark brown (Fig. 2). UV-vis absorption spectra of an
aqueous solution of the Lagenaria siceraria extract were observed
in both the absence and existence of Fe?". From the figure it is clear
that the absorbance of Lagenaria siceraria extract is considerably
changed and interacts with the Fe?*. The absorbance peak at 273-
301 nm indicates the formation of iron oxide nanoparticles [34].

3-4. Characterization by FT-IR

To investigate the capping agents on the LS-Fe-NPs surface and
detect the iron oxide forms, FTIR analysis of prepared iron nanoparticles
was used, which is shown in Fig. 8. To confirm the phytochemicals
accountable for the precursor metal salt reduction and capping of
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Fig. 8. FTIR spectra of synthesized LS-Fe-NPs.

Fe-NPs, 3500 cm™! to 3200 cm™! shows the OH polyphenolic group’s
vibrational stretching of Lagenaria siceraria, at a specific band at
3410.51 cm™. A band at 1619.39 cm™""is attributed to aromatic ring
deformation or stretching vibrations of C=C and -C=0 groups [35].
The Fe=0 stretching and bending vibration modes of iron oxide are
assigned to the IR bands at 583 cm™, and 463 cm!, respectively [36].
A narrow peak at 1426.63 cm™ and 1358.80 cm! in the sample was
attributed to NO™ from residual nitrate ions [22]. The very narrow
band at 1720 cm™ in LS extract represents carbonyl groups produced
from dimerized saturated aliphatic acids. The appropriate adsorption
bands at wave numbers (<700 cm™!) were produced from vibrations
of Fe-O bonds of iron oxide. The existence of organic groups on the
surface of iron oxide nanoparticles may increase their hydrophobicity,
making them more suitable for use in hydrophobic fluids while also
avoiding aggregation of nanoparticles [37].

3-5. Characterization by VSM

The magnetic characteristics of LS-Fe-NPs were evaluated using
VSM at ambient temperature in the field range of 6 KOe to measure
the magnetization against the applied magnetic field (M—H) curve.
Fig. 9 shows the magnetization of LS-Fe-NPs as a function of the
applied magnetic field at 298 K. With an increase in the magnetic
field, the magnetization also increased. The electromagnetic
characteristics of nanoparticles were characterized by factors such
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Fig. 9. Graphical representation of (M-H) curve of LS-Fe-NPs
(VSM analysis).
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Fig. 10. (a) Photographs of MB aqueous solutions before (right), and after (left) adsorption, (b) UV-vis spectra of MB before and after adsorp-

tion in optimized conditions at wavelength of 664 nm.

as synthesis process, magnetocrystalline anisotropy, surface, and
crystalline spin. The saturation magnetization value for LS-Fe-NPs,
according to the hysteresis curves is 12.5 emu/g. The sample hysteresis
curves showed no hysteresis loop and extremely low coercivity,
indicating that nanoparticles had super-paramagnetism properties
[38,39].

3-6. Dye adsorption study

The significance of contact time and adsorbent dose on the
removal percentage of MB by LS-Fe-NPs by adding them into MB
(100 mg/L) solution was investigated. A spectrophotometer was
used to detect the concentration of MB in the supernatant at specific
time intervals. The concentration of dye (MB) was identified by
spectrophotometer. Fig. 10(a) shows the real photographs of MB
dye before and after adsorptions, and in (b) shows UV-vis spectra,
before and after adsorption of MB dye in optimized conditions at
wavelength of 664 nm.

3-7. Adsorption isotherms

A proper correlation for the equilibrium curves is required to
optimize the design of a sorption process. The initial dye concentrations
ranged from 100 mg/L to 500 mg/L, with a nanoparticle concentration
of 8 g/L remaining constant as shown in Fig. 11. To test the sorption
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(a) Effect of contact time

capacity of produced LS-Fe-NPs, they were subjected to MB as an
adsorbent. The Langmuir adsorption isotherm, Freundlich adsorption
isotherm, and Temkin adsorption isotherms were used as model
equilibrium adsorption isotherms. The Langmuir isotherm describes
the adsorbents' monolayer surface coverage, whereas the Freundlich
isotherm describes multilayer adsorption. The linear form of Langmuir
isotherm equation is Eq. 3:

G G 1

3
q. qm KLqm ( )

where, ¢,, = maximum adsorption capacity of MB in mg/g
K; = Langmuir constant in L/mg
Evaluation of the separation factor (R;) determines the feasibility
of the adsorption process. It can be calculated using Eq. (4):

1

k=TxC

“
The isotherm is considered to be linear if R; = 1, favourable if 0 <
R; < 1, unfavorable if R; > 1 and if R; = 0 indicates irreversible
process
Freundlich isotherm model is represented in Eq. (5):

1
log ¢. = (;2) log C. + log Kr ©)
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Fig. 11. Influence of process parameters: (a) Contact time, min and (b) Adsorbent dose, g for adsorption of MB dye at initial concentration of 100
mg/L, pH value 6, volume of 100 ml and temperature of 25 C, respectively.
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Table 1. Parameters for the Langmuir, Freundlich and Temkin models of MB dye adsorption

Langmuir Isotherm Freundlich Isotherm Temkin Isotherm
Parameter Gm K, R? K (1/m) R Ay by R
Value 398.406 0.011 0.966 15.001 0.562 0.991 0.084 101.951 0.954

where, n = degree of heterogeneity on the adsorbent’s surface
Kp = Freundlich constant in mg/g.
For a favorable adsorption process, (1/1) < 1.
Temkin isotherm model is shown in Eq. (6):

q,= (IZ—D lnATJr(]Z—D InC, ©6)

where, A7 = equilibrium binding constant (L/g)
br = heat of adsorption.

The R? values derived from Freundlich isotherm model
(R?>0.991) indicated its goodness of fit than both Langmuir
isotherm (R%>0.966) and Temkin isotherm (R>>0.954) as
represented in Table 1 and Fig. 12. This revealed that multilayered

25
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Fig. 12. Adsorption isotherms curve of (a) Langmuir isotherm, (b)
Freundlich isotherm and (c) Temkin isotherm.

Table 2. Zone of inhibition of LS-Fe-NPs, against E. coli and Staphylococcus

aureus
SI. no. Test Bacteria Size
Gram positive  Staphylococcus asureus 15 mm
2. Gram negative Escherichia coli 13 mm

Fig. 13. Antibacterial test of (a) Antibacterial action against gram-
positive bacteria (Staphylococcus aureus) and (b) Antibacte-
rial action against gram-negative (E. coli).

(heterogeneous) adsorption as the effective mechanism for
removing MB dye.

3-8. Antibacterial action

Figs. 12(a) and (b) represent the results of a disc plate diffusion
investigation to demonstrate LS-Fe-NPs antibacterial efficacy against
Staphylococcus aureus (G-positive) and E. coli (G-negative) respectively.
The area of inhibition expands as the concentration of LS-Fe-NPs
rises. Moreover, the results indicate that LS-Fe-NPs are effective
and superior against gram-positive bacteria Staphylococcus aureus
as compared to E. coli. Nanoparticle activity is significantly affected
by their size, which increases the LS-Fe-NPs inhibitory zone (Table
2). Metal oxides have an active role in suppressing bacterial growth
by producing reactive oxygen species (ROS), which can lead to the
generation of oxidative stress in bacterial cells [40,41].

4. Conclusion

The present investigation looked into the synthesis of iron oxide
nanoparticles by Lagnenaria siceraria leaf aqueous extract (LS-Fe-
NPs). The synthesized nanoparticles were obtained as spherical shape
and approximately 80-100 nm in size. The magnetic hysteresis curve
of'the nanoparticles (LS-Fe-NPs) had no residual magnetism, which
indicates that nanoparticles had super-paramagnetism properties
with a saturation magnetization value of 12.5 emu/g. Moreover, LS-
Fe-NPs showed 246.8 mg/g maximum adsorption capacity, with the
adsorption being predominantly chemisorption. Antibacterial characteristics
of the nanoparticles were also explored and it was found that LS-Fe-

Korean Chem. Eng. Res., Vol. 61, No. 2, May, 2023
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NPs had a substantial bactericidal effect on G-negative (E. coli) and

G-positive (Staphylococcus aureus) bacteria. Ultimately, this synthesized

green LS-Fe-NPs could be a good candidate for several scientific

aspects.
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