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ABSTRACT

The fabrication of iron oxide nanoparticles (IONPs) through green synthesis techniques with Pimenta dioica extract,
focusing on the effects of extract proportion, reaction time, temperature, pH, and stirring speed (RPM) on nanoparticle
properties. The aim is to identify optimal conditions for producing IONPs with desirable characteristics for biomedical
applications. The process involved combining extract, FeCI2 (Ferric chloride) and FeSO4 (ferrous sulphate) with 25%
ammonia, then subjecting to calcination. The properties of the obtained nanoparticles were assessed, including particle size,
zeta potential, thermal stability, magnetization, entrapment efficiency, and drug release. Optimal conditions were found to
be a 2:1 extract proportion, 2-3 hours synthesis time, 60-80°C temperature, pH of 10-11, and 900 RPM. Under these
conditions, the IONPs exhibited small particle sizes, high thermal stability, high magnetization, and high drug release rates.
This study highlights the potential of Pimenta dioica extract in the green synthesis of IONPs, providing insights for

optimizing nanoparticle synthesis for medical applications.
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INTRODUCTION

Iron oxide nanoparticles (IONPs) have a wide range of
applications in biomedical fields, as their magnetic
characteristics and biocompatibility, IONPs are crucial for
drug delivery, enabling targeted transport and controlled
release. They also enhance Magnetic Resonance Imaging
(MRI) contrast, support cancer hyperthermia treatment, and
advance biosensing technologies. This research investigates
the synthesis, characterization, and optimization of IONPs,
highlighting their potential to revolutionize medical
treatments and biotechnological advancements. It discusses
their role in targeted drug delivery, imaging, and
therapeutics due to their magnetic properties. The study also
highlights advancements in biotechnology facilitated by
these nanoparticles, emphasizing their potential in
improving diagnostic techniques and therapeutic outcomes
in various medical applications.! Iron-based nanomaterials
have attracted significant interest due to their distinctive
properties, including high reactivity, magnetic behavior,
and the ability to be easily functionalized, which makes
them versatile for numerous applications across various
fields. To sustainably leverage the advantages of
nanotechnology, it is crucial to adopt green synthesis
approaches, reducing potential environmental harm. Green
synthesis refers to the production of nanomaterials using
environmentally benign methods, often leveraging
biological entities like plants, bacteria, and fungi, or
employing eco-friendly chemicals. Plant extracts are
attractive for nanoparticle synthesis because they are rich in
natural compounds like phenolics and flavonoids, which
can reduce metal ions and stabilize the nanoparticles. This

method is eco-friendly, avoiding harmful chemicals, and it
also improves the compatibility of the nanoparticles with
biological systems, making them more suitable for medical
applications like drug delivery and cancer therapy. The
leaves are particularly rich in antioxidants, flavonoids, and
other bioactive compounds, which significantly boost their
efficiency in green synthesis. These methods not only
reduce the environmental impact of nanomaterial
production but also enhance the biocompatibility and
functional characteristics of the final products.>® Green
synthesis of nanoparticles provides numerous benefits
compared to conventional chemical methods. It is eco-
friendly, minimizing the use of harmful solvents and
chemicals by leveraging natural resources like plant
extracts. This method is also cost-efficient due to the
abundance and low expense of these natural materials and
the straightforward processes involved. Furthermore, green
synthesized nanoparticles tend to be more biocompatible
and safer for biomedical applications, including drug
delivery and cancer treatment. The procedures typically
operate under mild conditions, reducing energy
consumption and further cutting costs.* Various factors
impact the green synthesis of nanoparticles, influencing
their size, shape, and stability. The choice of biological
source (such as plant extracts, bacteria, or fungi) determines
the bioactive compounds available for the reduction and
stabilization processes. The concentration of these extracts
and the pH of the reaction medium are crucial, with higher
extract concentrations and optimal pH conditions generally
leading to smaller and more well-defined nanoparticles.
Additionally, temperature and reaction time impact
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synthesis, with elevated temperatures and shorter reaction
times often resulting in smaller particles. Uniform agitation
is necessary to ensure even distribution of reactants, and the
concentration of metal ions in presence of capping agents,
prevent aggregation, also play significant roles. By
carefully managing these factors, researchers can tailor
nanoparticles to meet specific requirements for various
purposes.’

In this research, we used extract of Pimenta dioica.
Pimenta dioica (Linn.) Merrill, commonly known as
allspice, is prized for its rich array of chemical constituents
that contribute to its aromatic allure and diverse
applications. Chief among these compounds is eugenol,
which imparts a clove-like aroma, accompanied by cineole,
methyl eugenol, and myrcene. These components not only
define its spicy fragrance but also underpin its multifaceted
uses. Culinary traditions worldwide embrace allspice for its
ability to enhance dishes with a unique blend of flavors
reminiscent of cloves, cinnamon, and nutmeg, making it a
staple in Caribbean, Latin American, and Middle Eastern
cuisines. Beyond the kitchen, allspice is revered for its
medicinal  properties, offering antioxidant, anti-
inflammatory, and antimicrobial benefits. It has historically
been utilized to alleviate digestive ailments, muscle
discomfort, and dental issues. In addition to its culinary and
medicinal roles, allspice finds application in perfumery and

cosmetics, where its warm, aromatic profile enriches
fragrances, soaps, and skincare products. Furthermore, its
natural antimicrobial qualities have rendered it useful as a
preservative in food preservation methods and traditional
embalming practices. Altogether, Pimenta dioica stands as
a versatile spice celebrated for its flavor, fragrance, and
therapeutic potential across various cultural and industrial
domains.® In this investigation into IONPs synthesis using
Pimenta dioica, aim to investigate various process
parameters including extract proportion, reaction time, pH,
RPM, and temperature, and evaluate their respective
effects. This research will provide valuable insights for
determining optimal parameters when using design
software. This approach can help optimize nanoparticle
synthesis for desired properties and applications.

MATERIAL AND METHOD

In this study, iron oxide nanoparticles (IONPs) were
synthesized using an ethanolic extract from dried Pimenta
dioica leaves. Ethanol for the extraction was sourced from
AnaLab Fine Chemicals, Mumbai. The synthesis used 0.1M
Ferric chloride hexahydrate and 0.1M Ferrous sulphate,
both from Research Lab Fine Chem Industries, along with
25% ammonia solution from Pallav Chemicals & Solvents
Pvt. Ltd., as per prior studies. The Analytical reagent (AR)
grade chemicals were used as supplied, without any
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additional purification. For all processes and dilutions,
distilled water was employed. Magnetic stirrer (LMMS-300,
Labman Scientific Instruments Pvt. Ltd., Chennai) was
employed to mix the reaction components, providing
control over temperature, Revolution Per Minute (RPM),
and time. After synthesis, a centrifuge was used to separate
the nanoparticles, and a muffle furnace was used for
calcination. These materials and equipment were crucial in
ensuring the consistency and reproducibility of the green
synthesis method.

Methods

Extraction of Pimenta dioica using ethanol

Fresh Pimenta dioica leaves were washed, air-dried, and
ground into powder. The powder was macerated in 70%
ethanol for 72 hours with occasional stirring, then filtered
to separate the liquid extract from the marc. The marc was
re-macerated until saturation, and the final extract was
stored in a dark bottle at 4°C.2 °

IONPs synthesis

An extract of Pimenta dioica with 0.1M FeCl, and 0.1M
FeSO, solutions were used for synthesis of IONPs by
coprecipitation method, using a 25% ammonia solution, to
examine how different process factors affected the
characteristics of the final product.Magnetic stirrer was
used for mixing the reaction components. Later on, it was
centrifuged and calcinated. Following calcination, the
precipitate was purified using distilled water and ethanol,
and then dried. The dried particles were subsequently
evaluated.” 1°

Impact of different parameters on synthesis of IONPs
Impact of extract proportion

Different batches were prepared by varying the amount of
Pimenta dioica extract added to the iron precursors. The
ratios of the extract to the 0.1M FeCI2 and 0.1M FeSO4
mixture were adjusted to 1:1, 2:1, 3:1, 1:2, and 1:3, with the
batches designated as AE1, AE2, AE3, AE4, and AE5,
respectively. These experiments were conducted under
constant temperature, stirring speed, and duration to

investigate how the proportion of extract affects the
synthesis of iron oxide nanoparticles (IONPs).

Impact of duration

To investigate the impact of reaction duration, different
batches were synthesized with varying stirring times. Batch
TA1 was stirred over 1 hour, batch TA2 over 2 hours, and
batch TA3 over 3 hours.!!3

Impact of temperature

The synthesis process was conducted at the following
temperatures: 40°C (TEA1), 50°C (TEA2), 60°C (TEA3),
70°C (TEA4), and 80°C (TEAS), with each batch stirred for
one hour."

Impact of pH

pH of the reaction mixture was adjusted to various levels
to study its impact on the synthesis of IONPs. pH levels
were set to 8, 9, 10, and 11 for batches PAL, PA2, PA3,
and PA4, respectively. These mixtures were subsequently
stirred under the same conditions.'*

Impact of revolutions per minute (RPM)

The effect of stirring speed on the properties of the
synthesized nanoparticles was examined by adjusting the
revolutions per minute (RPM). The ethanolic extract was
mixed FeCl, and FeSO,4 and stirred for a set duration at
varying speeds. The stirring rates were 150 RPM (RA1),
300 RPM (RA2), 450 RPM (RA3), 600 RPM (RA4), 750
RPM (RA5), and 900 RPM (RAG6), with each batch
corresponding to one of these speeds.*®

Evaluation of IONPs

Size distribution and stability

The nanoparticles' size distribution and surface charge were
evaluated using dynamic light scattering (DLS) with a
Malvern Zetasizer Nano ZS (Malvern Instruments, UK).
This technique provides data on particle size, revealing the
nanoparticles' uniformity and likelihood of aggregation.
Additionally, it measures zeta potential, which indicates
surface charge and is crucial for assessing nanoparticle
stability in biological systems. 1617

Thermogravimetric analysis (TGA)
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Using a TGA Q500 (TA Instruments, USA), the thermal
stability of the nanoparticles was tested. The sample was
heated in a nitrogen atmosphere, starting from room
temperature and increasing to 800°C at a rate of 10°C per
minute, while monitoring weight loss as the temperature
rose.'®

Vibrating sample magnetometer (VSM)

A vibrating sample magnetometer (VSM), specifically the
Microsense EZ, was used to examine the magnetic
properties of the nanoparticles. An external magnetic field
was applied to the samples to determine their coercivity,
retentivity, and saturation magnetization.6

Entrapment efficiency (EE)

A 10 mg sample of nanoparticles (NPs) was dispersed in 10
mL of methanol and stirred for 1 hour. The supernatant was
then separated, and the eugenol (EU) content was quantified
using UV-visible spectroscopy (Shimadzu) at 282 nm to
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evaluate the eugenol entrapment efficiency in the NPs. The
entrapment efficiency (%EE) was determined using the
following formula®®? :

Total amount of loaded eugenol

EE (%) B nitial amount of eugenol x 100

Drug release studies

To evaluate the drug release from the nanoparticles, 5 mg
of the nanoparticles were dispersed in 2 mL of phosphate-
buffered saline (PBS) containing 2% (v/v) Tween 80 and
placed in a dialysis bag with a 12 kDa molecular weight
cutoff (MWCO). The dialysis bag was immersed in 25 mL
of PBS, and at designated time intervals, 2 mL of the
dialysate was collected and replaced with fresh PBS. The
concentration of eugenol in the dialysate was quantified
using UV-visible spectroscopy at 282 nm.!*20
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RESULTS

Impact of extract proportion

The nanoparticle batches were compared based on several
key properties. Particle size varied from the smallest in AE3
at 95.7 nm to the largest in AE1 at 148.1 nm, with AE2 and
AES5 having intermediate sizes of 98.2 nm and 99.8 nm,
respectively. The zeta potential ranged from -2.3 mV for
AE1, which was the least negative, to -2.5 mV for AE2,
AE3, and AES5, indicating slightly more negative surface
charges in these batches compared to AE1. Thermal stability
was highest for AE2, which withstood up to 510.25°C
before significant weight loss, suggesting superior thermal
resistance. In contrast, AE4 had the lowest thermal stability
at 402.11°C. Regarding magnetic properties, AE2
demonstrated the highest magnetization at 55 emu/g,
whereas AE1 had the lowest at 40 emu/g. Batches AES3,
AES5, and AE4 had magnetization of 45, 49, and 48 emu/g,
respectively. Entrapment efficiency (EE) was highest for
AE2 at 76.23%, indicating the best drug loading capability.
AE1 had the lowest EE at 70.20%, while AE3, AE4, and
AE1 had efficiencies of 71.28%, 72.18%, and 72.26%,
respectively. For drug release, AE2 showed the highest
release rate at 79.38%, whereas AE1 had the lowest at
68.77%. AE3, AE4, and AE5 had intermediate release rates,
with AE3 at 76.49%, AE4 at 71.60%, and AE5 at 70.26%.
Based on these characteristics, AE2 emerges as the
optimized batch due to its highest drug release rate and
superior thermal stability, higher entrapment efficiency and
its particle size, zeta potential and magnetic properties are
shown in Figure 1, Figure 2, Figure 3 respectively.

Impact of duration

The performance of the nanoparticle batches was assessed
across several parameters. Particle size varied, with TA2
being the smallest at 71.8 nm and TA3 the largest at 99.2
nm. TAL had an intermediate particle size of 90.9 nm. Zeta
potential measurements were closest for TA2 and TA3,
both at -2.2 mV, suggesting slightly better stability than
TAL, which had a zeta potential of -2.4 mV. In terms of
thermal stability, TA2 demonstrated the highest resistance,
enduring temperatures up to 480.26°C before significant
weight loss. This contrasts with TA1 and TA3, which had
lower thermal stabilities of 423.12°C and 425.26°C,
respectively. For magnetic properties, TA2 led with a
magnetization of 61 emu/g, surpassing TA3 and TAL,
which had magnetization of 59 emu/g and 50 emul/qg,
respectively. Entrapment efficiency (EE) was highest in
TA2 at 77.17%, indicating the most effective drug loading.
In comparison, TA3 and TAL had efficiencies of 76.52%
and 72.62%, respectively. Regarding drug release, TA2 at
highest rate 78.95%, TA1 at 75.6% while TA3 at 72.65%.
Overall, TA2 is highlighted as the optimized batch due to
its superior drug release rate, highest entrapment efficiency,
and best thermal stability. Although it slightly outperforms
TA3 in key performance metrics, the differences between
the two batches are minimal, making both promising
candidates for future applications. Maintaining the
strengths of TA2 in particle size, zeta and magnetic
properties, shown in Figure 4, Figure 5 and Figure 6.
Impact of temperature

The nanoparticle batches were evaluated on various
parameters, revealing distinct performance characteristics.
Particle size varied significantly, with TEAL having the
largest size at 165.2 nm and TEA4 the smallest at 96.7 nm.
TEA2 and TEAS had sizes of 144.2 nm and 105.2 nm,
respectively, while TEA3 measured 1152 nm. Zeta
potential values were fairly uniform across the batches, with
TEAL, TEA2, TEA3, and TEA4 all at -2.5 mV, indicating
consistent surface charge properties. TEAS had a slightly
less negative zeta potential of -2.1 mV. Regarding thermal
stability, TEA4 showed the highest resistance, maintaining
stability up to 518.16°C before significant weight loss
occurred. This is higher than TEA1, which had the lowest
stability at 398.26°C, and TEA2, TEA3, and TEAS5, with
stabilities of 410.20°C, 512.26°C, and 490.26°C,
respectively. For magnetic properties, TEA4 achieved the
highest magnetization at 55 emu/g, exceeding the
magnetization of TEA5S at 52 emu/g, TEA3 at 49 emul/g,
TEAZ2 at 38 emu/g, and TEAL at 34 emu/g. Entrapment
efficiency (EE) was also highest for TEA4 at 72.80%,
demonstrating the most effective drug loading. TEA3 and
TEADS had efficiencies of 72.20% and 72.56%, respectively,
while TEAL and TEA2 had slightly lower efficiencies at
69.21% and 72.15%. In terms of drug release, TEA4 led
with the highest rate of 77.25%, followed by TEAS5 at
76.25%, TEA3 at 74.79%, TEA2 at 74.47%, and TEA1L at
70.33%. TEA4 was identified as the optimized batch due to
its superior performance in critical areas such as thermal
stability, drug release rate, and magnetic properties,
representing the most balanced and effective combination
of attributes. Future research should aim to maintain these
strengths in TEA4 while investigating potential
improvements in particle size and other characteristics.
TEA3 and TEA5 also showed comparable results,
indicating that more specific studies are needed to further
refine and differentiate the batches. Its present results were
shown in Figure 7, Figure 8 and Figure 9.

Impact of pH

The evaluation of the nanoparticle batches showed notable
differences in their characteristics. Particle size ranged from
PA3, the smallest at 83.5 nm, to PA1, the largest at 113.8
nm. PA2 and PA4 had intermediate sizes of 106.8 nm and
97.5 nm, respectively. Zeta potential values varied, with
PA1 having the least negative value at -2.2 mV, and PA4
having the most negative at -3.2 mV. PA2 had zeta
potentials of -2.6 mV and PA3 is of -2.9 mV, indicating
PA4 has most negative surface charge among the batches.
In terms of thermal stability, PA3 exhibited the highest
stability, withstanding temperatures up to 518.26°C before
significant weight loss occurred. This is superior to PA1 at
458.20°C, PA2 at 490.26°C, and PA4 at 510.23°C.
Regarding magnetic properties, PA4 demonstrated the
highest magnetization at 58 emu/g, outperforming PA3 at
56 emu/g, PA2 at 53 emu/g, and PA1 at 47 emu/g. For
entrapment efficiency (EE), PA3 had the highest value at
74.85%, indicating the most effective drug loading. PA2
and PA4 had efficiencies of 71.25% and 71.20%,
respectively, while PA1 had the lowest at 68.26%. Drug
release rates were comparable across batches, with PA3
leading at 75.33%, followed closely by PA4 at 75.02%,

IJDDT, Volume 14 Issued, October - December 2024

Page 2327



Allspice-Driven IONP Synthesis: Optimization and Characterization

PA2 at 75.21%, and PAL at 68.12%. Overall, PA3 stands
out as the optimized batch due to its superior thermal
stability, highest entrapment efficiency, and effective drug
release rate. It offers the best combination of key
performance metrics, making it the most suitable candidate
for further research and development. PA4 demonstrated
results close to PA3, indicating that further differentiation
and analysis are required to refine their differences. The
present study of PA3’s properties like particle size and other
characteristics shown in Figure 10, Figure 11 and Figure 12.
Impact of revolutions per minute (RPM)

The particle sizes ranged from 148.9 nm (RA1) to 93.8 nm
(RAD5), with zeta potential values between -2.1 mV (RAL,
RA2) and -2.5 mV (RA6). Thermal stability, as indicated
by TGA values, increased from 410.25 (RAL) to 550.26
(RAB). Magnetization values, measured by VSM, ranged
from 28 (RA1) to 61 (RAB). Encapsulation efficiency (EE)
improved from 48.59% (RAL) to 72.48% (RA6), and drug
release rates increased from 72.32% (RA1) to 80.12%
(RAG).

The optimized batch, RA6 with 105.1 nm particle size
(Figure 13), -2.5 mV zeta potential (Figure 14), a TGA
550.26, a VSM value of 6lemu (Figure 15), an EE of
72.48%, and a drug release rate of 80.12%, demonstrating
superior performance across all evaluated metrics
compared to the other batches.

DISCUSSION

By using Pimenta dioica extract, the formed iron oxide
nanoparticles (IONPs) evaluated against various process
parameters, including extract proportion, reaction time,
temperature, pH, and RPM. The aim was to determine the
optimal conditions for producing IONPs with desirable
properties for medical applications drug delivery and
imaging etc. The proportion of Pimenta dioica extract
significantly influenced the properties of the synthesized
IONPs. The optimal batch (AE2) exhibited the smallest
particle size, highest thermal stability, and highest
magnetization. This batch also had the highest drug release
rate, making it suitable for drug application. Variations in
particle size and stability across different extract
proportions highlight the importance of the extract's
phytochemical content in nanoparticle synthesis. Synthesis
time made impact on characteristics of IONPs. A synthesis
time of 2 to 3 hours is ideal for producing IONPs with
optimal properties. The results suggest that shorter
synthesis times may not provide sufficient reduction and
stabilization of iron ions, while extended durations could
promote aggregation and larger particle sizes. However,
more precise optimization within this time range is required
to fine-tune the balance between particle size and stability.
Temperature variations significantly affected the properties
of the IONPs. Synthesis temperature in the range of 60°C
to 80°C is ideal for producing IONPs with optimal
properties. Within this range, higher temperatures likely
enhance the reduction rate of iron ions, improve
crystallinity, and boost magnetic properties. Further
refinement in this temperature window could help optimize
particle size and performance. The pH of the synthesis had
a substantial impact on the properties of the IONPs. The

optimal batch (PA3) exhibited the smallest particle size,
highest thermal stability, highest magnetization, and
highest drug release rate, suggesting that a pH of 10 is ideal
for producing IONPs with optimal properties. However,
batches synthesized at pH 10 to 11 also showed promising
results, indicating that further optimization within this pH
range could enhance the nanoparticles' performance. The
results indicate that the pH influencing the ability to reduce
and stabilize the iron ions. The stirring speed (RPM) during
synthesis significantly influenced the properties of the
IONPs. The optimal batch (RA6) exhibited the smallest
particle size, highest thermal stability, highest
magnetization, and highest drug release rate. This suggests
that a stirring speed of 900 RPM is ideal for producing
IONPs with optimal properties. Higher RPM likely ensures
uniform mixing and prevents particle aggregation, leading
to smaller and more stable nanoparticles. The comparison
between all reaction parameters (extract proportion, time,
temperature, pH, and RPM) and the obtained evaluation
characteristics is illustrated in the Figure 16-21.

CONCLUSION

The use of Pimenta dioica extract in the green synthesis of
iron oxide nanoparticles (IONPs) is governed by various
process parameters, each significantly impacting the
resulting properties of the nanoparticles. The optimal
conditions for synthesizing IONPs with desirable
characteristics were identified as:

Extract proportion: 2:1 (AE2)

Synthesis time: 2-3 hours (TA2, TA3)

Temperature: 60-80°C (TEA3-TEAD)

pH: 10-11 (PA3, PA4)

RPM: 900 (RA6)

Under these conditions, the synthesized IONPs exhibited
small particle sizes, high thermal stability, enhanced
magnetization, and effective drug release rates, which are
crucial for pharmaceutical applications. The study
demonstrates the potential of Pimenta dioica extract as an
efficient reducing and stabilizing agent for green synthesis
of IONPs.

However, further specification and optimization are needed
through factorial design experiments, where different
combinations of the above-mentioned parameters can be
interchanged to identify the most influential factors and
their interactions. This approach will enable a more
comprehensive understanding of the relationships between
the process parameters and nanoparticle characteristics.
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