
International Journal of Integrative and Modern Medicine 

 
Copyright © 2025 The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License 

(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium                                            62 
provided the original work is properly cited.  

 

Green Synthesis of Iron Oxide Nanoparticles Using Nutmeg Extract, 

Anti-Oxidant and Anti-Microbial Study 
  

Muthanna C Urabee 

Quality Assurance & Performance Evaluation Department, Mustansiriyah University, Baghdad, Iraq, 

muthannaorabi2810@uomustansiriyah.edu.iq 

Mohammed I Sultan 

Quality Assurance & Performance Evaluation Department, Mustansiriyah University, Baghdad, Iraq 

Ahmed H Sadiq 

Environmental Research Center, Technology University, Baghdad, Iraq 

  

Abstract: This study presents the green synthesis of iron oxide nanoparticles (IONPs) using 

nutmeg (Myristica fragrans) extract as a reducing and stabilizing agent. The synthesis was optimized 

by varying reaction parameters including time, temperature, precursor concentration, extract-to-metal 

salt ratio, pH, and order of reagent addition. UV–Vis spectroscopy confirmed nanoparticle formation at 

λ_max = 365 nm, with optimal synthesis conditions determined to be 25 minutes at 30 °C, pH 9, and a 

1:1 ratio of extract to iron chloride. The synthesized IONPs were characterized using FTIR, SEM, 

XRD, and Zeta potential analysis, revealing spherical nanoparticles of 45–53 nm, crystalline α-Fe₂O₃ 

structure, and moderate stability (zeta potential = −17.4 mV). Antioxidant activity assessed through 

DPPH assay showed strong radical scavenging by IONPs (85.98%) compared to nutmeg extract 

(79.08%) and standard Vitamin C (92.99%). Furthermore, antimicrobial tests indicated significant 

inhibitory effects of IONPs against Gram-positive and Gram-negative bacteria as well as Candida 

albicans. COX-2 enzyme inhibition assays demonstrated dose-dependent anti-inflammatory potential 

of both IONPs and nutmeg extract. These findings suggest that nutmeg-mediated IONPs exhibit 

promising biomedical applications due to their antioxidant, antimicrobial, and anti-inflammatory 

properties. 
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1. Introduction 

Nanotechnology can be defined as the manipulation, measurement, and manufacturing of matter on an 

atomic level between 1-100 nm through certain chemical or physical processes to create materials with 

specific properties that can be used in various applications [1]. In the twenty-first century, Nano 

biotechnology is reflected as one of the most promising branches of science due to its attractive mode 

of action and wide applications in the field of biotechnology, chemistry, medicine, and material 

sciences [2]. Nanoparticles of iron oxides are one of the most widely used nanomaterials due to their 

easy synthesis and their ability to remove numerous substances, either alone or in combination with 

other adsorbents [3]. Plant extracts are a rich source of biomolecules, including both amines and 

phenols, which can act as metal reductants, very capable of electron loss and subsequent reduction of 

Fe2+ or Fe3+ to Fe0 in aqueous solution [4]. Thus, this green approach could replace traditional toxic 

and complex physiochemical synthetic approaches for IONPs synthesis[5]. 

The phytochemicals such as carbohydrates, saponins, amino acids, flavonoids, terpenoids and proteins 

present in the plants extract play a key role in the synthesis of nanoparticles. One such valuable 

medicinal plant is Myristica fragrans(nutmeg) or commonly known as “nutmeg” which is an evergreen 

tree from the Myristiceae family [6]. Nutmeg consists of primary metabolites that form approximately 

80% of dry nutmeg weight including lipids/fatty acids, carbohydrates, and proteins while 

approximately 20% of the nutmeg weight is comprised of essential oils (phenylpropanoids and 
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terpenes), phenolic compounds (caffeic, ferulic and protocatechuic acids, lignans/neolignans, and 

diarylalaknes), polyphenols and pigments (catechins, epicatechins, falvonoids, and cyanidins), 

Alkaloids, saponins as secondary metabolites [6],[7], and some minerals such as calcium, magnesium, 

iron, and potassium [8]. 

Cyclooxygenase-2(COX-2) is an enzyme involved in the production of prostaglandins, which are 

hormone-like substances involved in inflammation and pain signaling. It is one of two major isoforms 

of the cyclooxygenase enzyme, the other being COX-1 [9]. COX-2 is an inducible enzyme, meaning 

its production is typically low or absent in most tissues under normal conditions but can be increased 

in response to certain stimuli, such as inflammation, injury, or disease. It is primarily associated with 

the synthesis of prostaglandins that mediate inflammation and pain responses [10]. Cyclooxygenase 2 

(COX-2) has been implicated in several physiological and pathophysiological processes including 

inflammation, tumor growth, and renal injuries [11]. 

2. Materials and Methods 

2.1. Preparation of Nutmeg Extract 

The nutmeg ethanolic extract was prepared by Abdulsattar et al [12]. Briefly, A mass of 14.28 grams of 

the crude powder of nutmeg seeds was refluxed with 100 ml of acetone (1:7) in the soxhlet apparatus 

for 8 hours to extract the bioactive compounds within the nutmeg dried seeds. Then the solution was 

filtered through a filter paper using Whatman Grade No.18 to eliminate residual solids and evaporated 

to dryness under vacuum at 40˚C. Afterwards, the dried extract was weighed and a stock solution of 

the extract was prepared by weighing one gram of dried extract and diluted with 1 ml of acetone then 9 

ml D.W. in a 10mL volumetric flask to prepare 0.1g.mL-1. 

2.2. Green synthesis of Iron oxide nanoparticles 

Ferric chloride hexahydrate (FeCl3.6H2O) was used as the precursor for the synthesis of α-Fe2O3 

nanoparticles (IONPs). 50 mL of the nutmeg seeds extract was added dropwise with 50 mL of 0.1M 

FeCl3.6H2O solution in a 1:1 ratio at room temperature. Following this, 1M NaOH was added till the 

pH became 11 as shown in scheme (2.2). The resultant mixture was stirred using a magnetic stirrer for 

30 minutes and the formation of black colored solution confirmed the synthesis of IONPs. The 

nanoparticles were separated by centrifugation at 8000 rpm for 20 minutes and cleansed by subsequent 

washing with ethanol and water (2–3) times. The IONPs were finally dried in a hot air oven at 80 ℃ 

for 3 hours and stored in a seal-tight container for further use[12]. 

2.3. Optimization Study of IONPs 

Various operation parameters effecting the formation of IONPs including reaction time ((0, 5, 10, 15, 

20, 25, 30, 40, 50 and 60) minutes, temperature(10, 20, 30, 40, 50, 70 and 90)℃, concentration of iron 

chloride solution(0.05, 0.1, 0.2) M, concentration of ratio of extract to iron chloride solution (1:1, 2:1, 

3:1, 1:2, and 1:3) , order of addition(Extract (E), Iron metal (M) and NaOH base (B)), pH (1, 2, 3, 4, 5, 

7, 9, 11 and 12) were studied using a single factor experiments. Also, stability of the resultant solution 

was determined under optimized conditions, at an interval of 1 day, 1week, 2 weeks, 3weeks and 1 

month. The absorbance of the resulting solutions was measured spectrophotometrically at λ max = 

365nm. 

2.4. Characterization of IONPs 

FTIR measurements: The dried IONPs and nutmeg seeds powder were analyzed by FTIR spectra by 

mixing with KBr and pressed to a plate for measurement, the spectrum was recorded in the range of 

(500-4000) cm-1. Zeta Potential Analysis: An average of five measurements was taken. The size of 

IONPs was measured by electrophoretic light scattering (ELS) and dynamic light scattering (DLS) 

using Zeta Plus. Scanning Electron Microscope (SEM) Analysis : the SEM measurement was done 

to characterize the morphologies and shape of IONPs formed using a Hitachi SX-650 (Tokyo, Japan) 

at 20 KV of accelerating voltage. X-Ray Diffraction (XRD): The nanomaterial was deposited on a 
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piece of glass to be measured it using a Lab XRD 6000 Shimadzu XR-Diffraction. Antimicrobial 

Activity (Comparison Studies) 

The antimicrobial activity were examined using agar diffusion method according to k. Ibrahim et al. 

[13]. Two Gram-negative bacteria (Escherichia coli aureus, and Klebsiella sp.), two Gram-positive 

bacteria (Staphylococcus epidermis, and Staphylococcus aureus), and Candida albicans (yeast) were 

used to be tested for the synthesized IONPs by nutmeg extract.  

2.5. Free radical scavenging activity [14] 

The antioxidant activity was measured using two different techniques spectrophotometric and 

microfluidic paper-based analytical device (µPADs)). Spectrophotometric procedure: 2 milliliters of 

each of prepared nano and plant extract (0.01 g mL-1) were added, indivtually to 2 milliliters of the 

DPPH (0.0094 %) and after 30 minutes of incubation at room temperature, the absorbance was 

measured at 517 nm against blank and the inhibition ratio was calculated. The second detection 

method was µPADs: the fabrication of the paper was done according to Peters et al 23procedure. 5 

microliters of each of the prepared concentrations was added to 5 microliters of the DPPH to the 

different detection circular reaction zone to prepare the blank. Afterwards, the detection circular 

reaction zone was left to dry at room temperature. Then, a picture was taken using a Samsung note 9 

mobile phone to be entered into the image J program for absorbance readers. 

2.6. Determination of Total Phenolic Compounds 

Total phenolic content of nutmeg seed extract was determined using the Folin–Ciocalteu method [15], 

with gallic acid as the standard. Briefly, 100 µL of the extract (0.1 g mL⁻¹) or standard solution 

(0.00312–0.1 mg mL⁻¹) was mixed with 1 mL of 10% Folin–Ciocalteu reagent. After 3 min, 3 mL of 

sodium carbonate solution (2 g 100 mL⁻¹) was added, and the mixture was incubated at 25 °C for 2 h. 

Absorbance was measured at 760 nm against a reagent blank. Total phenolic content was expressed as 

mg gallic acid equivalents (GAE) per g extract. 

2.7. Statistical Analysis 

The results were analyzed statistically using the Statistical Package for Social Sciences computer 

program version 22.0 (IBM SPSS Statistic software, IBM Corporation, New York, United States). Data 

were analyzed using descriptive statistics of the SPSS software. The values were expressed as mean ± 

standard deviation (SD), coefficient variation (CV). 

3. Results and Discussion 

Iron nanoparticles were synthesized using nutmeg acetone extract prepared by Abdulsattar et al.[12] 

due to the presence of various phytochemicals such as polyphenols, flavonoids, glycosides, and tannins 

that act as reducing and stabilizing agents for the synthesis of nanoparticles (NPs) [16]. The qualitative 

evidence for IONPs formation was the color change from yellow to brown. The quantitative proof was 

done by UV–Vis absorption spectra analysis of IONPs (Figure 1) that gave an increase in the 

absorbance of λmax = 365 nm. This is due to the reduction of ferric to Fe-NPs by the reactive functional 

moieties present in nutmeg extract. The color change is a result of the excitation in the UV–vis 

spectrum depending on the amount of the NPs. IONPs shows the highest absorption band peak, while 

the absorption band of extract and salt were less than it. The absorption bands of IONPs have been 

reported within the range of (250–400) nm by Bashir A. et al. [17].  
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Figure 1: UV-Visible absorption spectrum of nutmeg extract, iron salt and IONPs, (red = IONPs, 

green= nutmeg extract, blue= FeCl3 solution), insert in the figure from the left a consecutive images of 

FeCl3 solution, Nutmeg extract solution, and IONPs solution showing the green synthesis of IONPs. 

The phytochemicals react with the iron ions to give IONPs, as it is prone to oxidation, rather than 

reducing Fe₊3 to Fe0 [18]. The development of Fe2O3 nanoparticles can be explained by the chemical 

reactions concerned and the crystal growth behaviours of iron oxide. The synthesis of IONPs was 

performed using ferric chloride (FeCl3) and NaOH. NaOH maintains the pH value as well as bringing 

hydroxyl ions to the solution. The FeCl3 reacts with NaOH and forms FeO(OH) according to the 

chemical reactions (1-3).  

FeCl3 + 3NaOH → Fe(OH)3 + 3NaCl (1) 

Fe(OH)3 
𝑃𝑙𝑎𝑛𝑡 𝐸𝑥𝑡𝑟𝑎𝑐𝑡 
→           Fe3O4 + 3H2O (2) 

2Fe(OH)3 
𝑃𝑙𝑎𝑛𝑡 𝐸𝑥𝑡𝑟𝑎𝑐𝑡
→           Fe2O3 + 3H2O (3) 

[19]. 

3.1. Optimization Study of IONPs Synthetic Conditions  

The effect of time was studied over the time interval from (0-60) minutes that is required for the 

completion of the reaction. As can be seen from (figure 2 a, and b), the increase of time lead to a 

gradual increase in IONPs absorbance and gave the highest value at 25 minutes which indicated the 

increased concentrations of the IONPs. Afterwards, there was a plateau decrease in absorbance until 60 

minutes. Therefore, the optimum time required for the formation of IONPs was 25 minutes and was 

recommended for further experiments. The influence of different temperatures ranging from (10-90) ºC 

was studied and measured at λmax = 365nm. It can be seen from (Figures 3 a, and b) there was a plateau 

increase of absorbance intensity for different temperatures. Therefore 30ºC (room temperature) was 

chosen as optimum temperature and considered adequate for IONPs development and formation. 

Karade et al. found that the magnetic measurements proved the super paramagnetic behaviour of NPs 

with a non-saturating MS value of 8.5 emu/g at room temperature (300K). Further, the hyperthermia 

study reveals, the NPs achieved a temperature of 40 °C and 43 °C within 6 min and reaches up to 43 °C 

and 45 °C within 10 min only for 5 μg.mL-1 and 10 μg.mL-1 concentrations, respectively [20]. The 

absorbance of IONPs affected by different concentrations of ferric chloride ranged between (0.05–0.2) 

M was studied and measured at a maximum wavelength of 365 nm and results revealed that 0.1M gave 

the best absorbance intensity. Further increase in iron concentration made a drop in absorbance 

intensity (figure 4 a, and b). As a result, 0.1M was selected as the optimum salt concentration and used 
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for further experiments. The ratio between the ferric chloride solution and nutmeg extract solution was 

studied using different ratios of both solutions. As can be seen from Figure 5, the optimum absorbance 

was obtained at a 1:1 ratio for iron and nutmeg extract. It is clear that when the iron concentration 

going to be equal to the extract solution the absorbance has its highest value, but when the amount of 

iron increases the stability has decreased, it is maybe due to the amount of extract no longer being 

enough to reduce all the iron amount [21]. Due to the significant impact of pH change on the IONPs 

synthesized reaction, experiments were done to show the effect of pH in the range of 1 to 12 using 

NaOH and HCl buffer solutions. As can be seen from figure 6, pH 9 gave the highest absorbance at a 

maximum wavelength. A decrease in absorbance was observed can be attributed to the iron ions in iron 

hydroxyl species which affect the reaction [18]. Therefore, pH 9 was selected as the optimum pH. The 

effect of varied sequences of reagents addition including extract (E), iron metal (M) and NaOH base 

(B) on maximum absorbance intensity were tested as shown in figure 7. The data obtained revealed 

that the addition of nutmeg extract, iron metal and base gave the highest absorbance intensity (0.501).  

  

  

   

   1:1         1:2         1:3        2:1         3:1  
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Figure 2: Extraction yield percentage of the optimized extraction system parameters. a) Reaction time, 

b) temperature, c) pH, d) order of addition, e) Concentration of FeCl3, f) ferric chloride and nutmeg 

extract ratio 

Where: (a) extraction solvent (BMIMCl, ethanol , deionized water, ethyl acetate), b) extraction 

techniques (maceration, ultrasound, digestion, and Soxhlet), c) extraction time ranging from (5-90) 

minutes, d) temperature (25, 50, 75,100) °C, e) pH ranging from (2-9), f) liquid to solid (15 mL: 0.5 g, 

15 mL:1 g, 15 mL:1.5 g), g) solid to liquid ratio (0.5 g: 5 mL, 0.5 g: 10 mL, 0.5 g: 15 mL, 0.5 g: 20 

mL, 0.5 g: 40 mL). 

3.2. Stability Study  

The stability of interaction time for the realization of IONPs by the reaction between iron ion and the 

reducing material in the nutmeg extract was investigated for one month from synthesis. Figure 8 shows 

that the synthesized IONPs product was stable for one week indicating good stability of biosynthesized 

IONPs.  

 

Figure 3: Effect of stability time over the time interval from (1-30) days on absorbance intensity. 

3.3. Characterization of IONPs  

The FTIR chart (400-4000) cm⁻1 of the plant extract (figure 4 a) confirm the existence of various 

reducing agents functional groups presents in the plant extract while IONPs chart (figure 4 b) confirm 

the synthesis of IONPs. The difference between the spectra could be considered as proof of the 

transformation. The Fe-O bond was definite by the presence of peaks at 474.49 cm⁻1, 621.08 cm⁻1 and 

678.94 cm⁻1 [200][201]. The peaks at the position of 3357.57 cm⁻1 represent the –OH bond stretching 

from the aqueous phase. In addition, the peaks at 1433.11 cm⁻1, and 3691.57 cm⁻1 represents the –OH 

bond stretching and bending from various phenolic and carboxylic groups respectively [202]. 

Furthermore, the peaks at 2927.94 cm⁻1, 1625.99 cm⁻1 and 1101.35 cm⁻1 denotes C–H stretching, C=C 

stretching and C–O stretching ensuring the presence of alkane, conjugated alkene and secondary 

alcohol in the plant extract as observed by a previous study[22]. The shift or absence in peaks position 

observed in IONPs chart indicate that these functional groups are involved in the bioreduction of iron 

ions into iron oxide nanoparticles. Wisam et al. cleared that FT-IR spectra of the (β-Fe2O3) NPs have a 

strong absorption at 526 cm-1 were assigned to the band vibrations of FeO [23]. It has been noted that, 

in the FTIR spectra of iron oxide nanoparticles, the bands observed between (400-570) cm-1 have been 

evaluated magnetite while maghemite has been recorded between (620660) cm-1 and the bands on 470 

cm-1 and 540 cm-1 are considered as hematite. In the recorded IR spectrum (figure 3.13), the bands 

recorded in 470 cm-1, 501 cm-1, 555 cm-1, 594 cm-1 and 633 cm-1 could be the different forms of iron 

oxide nanoparticles[24].  

The morphology of IONPs was monitored by SEM analysis and the particle size was found in the 

range of (45–53) nm, the particles were of a nano-range size, semi-spherical shape and in 

agglomerated form as shown in figure 5. The adopted green route furnished IONPs in the surface of 

NPs is smooth with good crystallinity, in agreement with other studies [25]. The particles dispersed 
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and hexagonal single crystals shape with particle size (54nm) appeared [26][27]. Bhuiyan, Md. et al. 

found that the morphology of IONPs was monitored by SEM analysis and the particle size was found 

in the range of (25–55) nm, the particles were of variable shapes and in agglomerated form. The 

agglomeration of agglomerated might be due to the presence of biological compounds on the surface 

of particles. Due to H-bonding present in bioactive molecules, the particles appeared to be in the form 

of aggregates [28].  

The value of the zeta potential measurement means that the produced iron oxide nanoparticles are 

potentially stable. Increasingly, particle repulsion is the bigger the positive or negative zeta potential 

value. Stable nanoparticles prevent and maintain nano-scale flocculation and aggregation of particles. 

Zeta potential was shown to have an average zeta potential for iron oxide nanoparticles of -17.4 mV 

(figure 6), demonstrating the stability of the colloid iron oxide. The incipient instability of the 

nanoparticles generally occurs in the colloid ±10 to ±30. Kanagasubbulakshmi, S. et al. found that the 

z-potential of initial magnetic fluid was -40.9 mV and of modified IONPs was in the range from (-35 

to -48) mV, indicating relative good stability of all prepared IONPs [29].  

Crystallized peaks were observed without impurities with major diffraction peaks at 2θ values of 22.9 

(012), 34.5 (104), 35.5 (110), 50.9 (024), 58.8 (018), 62.9 (214), and 64.6 (300) degrees. After 

calcination at 400 ºC shows the formation of α-Fe2O3, based on comparing their XRD patterns with the 

standard pattern of α-Fe2O3 (JCPDS 33-0664). The first peak belongs to the extracted fiber inside the 

sample.  

D = Kλ / β cos θ  (1) 

The crystallite size is determined using the Debye–Scherer’s formula (Eq. 1) where D is the crystallite 

size (nm), K is a constant with value (0.9), the X-rays wavelength λ=0.15406 nm, β is the full width at 

half maximum (FWHM) intensity measured in radians, and θ is the Bragg diffraction angle of the 

plane [22]. Viju K. et al. found that The green synthesized iron oxide nanoparticles, distinct peaks were 

found at (32.11, 35.89, 43.65, 56.88, 62.97°) accounting for crystal planes (220), (311), (400), (510), 

and (440) respectively[30]. Ismat B. et al. found that the peaks observed in XRD analysis revealed the 

spinal structured magnetite and exhibiting peaks at 2 theta values of 30.60, 35.21, 42.13, 53.53, 57.6 

and 63.01, which corresponds to diffraction planes of 220, 311, 400, 422, 511 and 440, respectively 

[208]. The XRD data as shown in figure 11 indicates that the crystal planes of (012), (104), (110), 

(024), and (116) correspond to the of 22.16, 35.5, 36.53, 40.64, 49.57, and 57.08, indicates the 

formation of α-Fe2O3 nanoparticles. The intense and sharp peaks undoubtedly revealed that α-Fe2O3 

nanoparticles formed by the reduction method using nutmeg extract were crystalline. The results are 

almost similar to the results obtained for iron oxide nanoparticles by other researchers [17][31][32].  

  

Figure 4: (a) The FTIR chart for nutmeg extract, (b) The FTIR chart for the 

synthesized IONPs. 
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Figure 5: SEM images of IO NPs (Left=200 nm, Right=10 μm). 
 

 
 

Figure 6: (a) Zeta potential distribution chart of IONPs, (b) XRD pattern of Synthesized 

Iron oxide Nanoparticles. 

 

3.4. Total Phenolic Contents  

Preliminary investigations were done to determine total phenolic compound and free radical 

scavenging activity using a novel, easy-to-use, a cost-effective and simple technique called 

microfluidic paper-based analytical device (µPADs) which is considered as an alternative to 

conventional thin-layer chromatography (TLC) technique towards the construction of a platform that 

can use routine analysis outside centralized laboratories. Folin–Ciocalteu reagent was used and the 

greyish color was observed after the addition of extract and IONPs to Folin–Ciocalteu reagent and 2% 

Na2CO3, as can be seen in figure 5 indicating a good phenolic content compared with standard Gallic 

acid. 

 

 

 



International Journal of Integrative and Modern Medicine 

 
Copyright © 2025 The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License 

(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium                                            70 
provided the original work is properly cited.  

  

 

 

 

(a)Standard Gallic acid (b)Nutmeg extract (c)IONPs 

Figure 7: µPADs images for (a) standard Gallic acid, (b) Nutmeg extract, and (c) IONPs. 

The total phenolic contents were calculated using the standard curve of gallic acid, acetone nutmeg 

extract and IONPs as shown in figure7 and were found to be (0.964, and 0.6217) mg.mL-1 for acetone 

nutmeg extract and IONPs, respectively which indicate the high phenolic levels in synthesized IONPs 

than acetone extracts. In addition, the results revealed that total flavonoids were higher in plant-IONPs 

compared to those found in the extract alone. This can be related to the extraction of both nonpolar and 

semipolar soluble phenolic acids. Compounds such as phenolics, flavonoids, terpenoids, and soluble 

proteins have been reported to act as capping agents [33]. It is suggested that the phenolic compounds, 

which are antioxidants, are responsible for the antibacterial activity. Jinous et al, found that the 

commonly known phytochemical compounds of nutmeg are volatile substances, terpenoids, phenolics, 

lignin compounds, protein, mucilage and starch [34].  

Table1: Total phenolic of nutmeg acetone extract. 

Concentration 

(Gallic acid) mg.mL⁻1 
Absorbance 

Total phenolic content in 

Nutmeg extract mg. mL⁻1 

0.2 0.019 - 

0.4 0.050 - 

0.6 0.063 - 

0.8 0.075 - 

1 0.084 - 

Extract 0.081 0.9640 

IONPs 0.060 0.6217 
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Figure 8: Total phenolic concentration of nutmeg acetone extract. 

3.7 Free Radical Scavenging Activity  

Qualitative determination of standard vitamin C, nutmeg extract, and IONPs radical scavenging was 

done against DPPH radical using the microfluidic paper-based analytical device (µPADs). The greyish 

color for nutmeg extract and IONPs as can be seen in figure (9) indicate a good activity of the extract 

and IONPs against the DPPH compound, while standard vitamin C indicated a less scavenging 

activity.  

 

 

 

 

 

 

(a)Standard Vitamin C (b)Nutmeg Extract (c)IONPs 

Figure 9: µPADs images for (a) Standard Vitamin C, (b) Nutmeg Extract, and (c) IONPs. 

The antioxidant activity of synthesized IONPs and acetone nutmeg extract was determined by using 

DPPH free radical assay. The higher DPPH scavenging effect (%) value was in Vitamin C. 92.99%, 

then in IONPs 85.98 %, and lastly in nutmeg extract 79.08 %. The effect of different concentrations of 

IONPs and nutmeg extract on DPPH radical antioxidant activity is shown in (table2 and table3). Our 

results revealed that the nutmeg extract and synthesized IONPs are free radical scavengers. However, 

the IONPs exhibited more scavenging activity of DPPH than nutmeg extract. The DPPH activity of the 

IONPs and nutmeg extract was found to increase in a dose-dependent manner[35].  

The high antioxidant capacity of seed extract is due to the quite high presence of tannin, flavonoids 

and terpenoids compounds. These compounds contribute to extracted antioxidants to serve as electron 

donors. The basic structure of flavonoids is the two hydroxyl groups attached to the benzene ring. Both 

hydroxyl groups act as an electron donor group and may increase antioxidant activity. This preliminary 

study indicates the interesting anti-oxidative stress activity of nutmeg extract suggesting its promising 

applications as a medicinal source for the treatment and prevention of free radicals associated diseases. 

The DPPH radical scavenging activity indicated percent free radical scavenging ranged from (40.78% 

to 11.48%) from (400 to 25) μg.mL-1, as indicated in (figure 3.19). IONPs also revealed total 

antioxidant capacity (TAC) and total reducing power potential (TRP) calculated as μg AAEs/mg. At 
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the highest concentration of 400 μg.mL-1, TRP was revealed as 251 μg AAEs/mg and 38.23 μg 

AAEs/mg [36]. As a result of the DPPH test, it has been calculated that 1 gram of nanoparticles has 

antioxidant activity equivalent to 5.14 mg ascorbic acid. In addition, it was shown that the nanoparticle 

at a concentration of12.118 mg.mL-1 has an antioxidant capacity that can destroy half of the DPPH 

radicals in the environment. In other words, we can say that the SC50 value calculated as a result of 

the DPPH test for the nanoparticle is 12.118 mg.mL-1. The scavenging efficiency of DPPH radicals of 

3 different iron oxide nanoparticles obtained by green synthesis from palm leaf was found between 2 

and 26.4 mg.mL-1 [37].  

Table2: Determination of DPPH free radical for nutmeg extract. 

The concentration of 

the extract 

(mg.mL-1) 

DPPH 

Scavenging effect 

(%) 

DPPH scavenging effect (%) 

Mean ± SD 

Vitamin C 92.99 92.88 ± 0.08 

0.00312 11.13 11.11 ± 0.01 

0.00625 57.63 57.53 ± 0.06 

0.01250 74.59 74.43 ± 0.11 

0.02500 77.91 77.82 ± 0.07 

0.05000 78.27 78.31 ± 0.03 

0.10000 79.08 79.07 ± 0.02 
 

 

 

 

 

 

 

 

 

 

 

 

 

    

Figure 10: Free radical scavenging activity of nutmeg acetone extract. 
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Table3: Determination of DPPH free radical for IONPs. 

The concentration of 

the IONPs (mg.mL-1) 

DPPH Scavenging 

effect (%) 

DPPH scavenging effect (%) 

Mean ± SD 

Vitamin C 92.99 93.50 ± 0.41 

0.00312 15.01 15.17 ± 0.61 

0.00625 60.55 61.37 ± 0.57 

0.01250 77.34 77.71 ± 0.61 

0.02500 80.56 80.04 ± 0.44 

0.05000 82.11 82.04 ± 1.48 

0.10000 85.98 85.50 ± 1.46 

  

 

 

 

 

 

 

 

      

 

 

 

 

Figure 11: Free radical scavenging activity of IONPs. 

3.9 Antimicrobial Activity Comparative Studies  

 Acetone, methanol nutmeg seeds extracts and IONPs were subjected for their antimicrobial activity. 

Preliminary screening against Staphylococcus aureus, Staphylococcus espidermidis, Escherichia coli, 

Klebsiella sp. as well as Candida albicans was performed. Acetone extract at the concentration of 0.1 

mg.mL-1 (S7) showed an effect against all test microorganisms. Overall, Candida albicans, was the 

most affected microorganism as listed in (Table 4) while the methanol extract showed no effect against 

tested microorganisms as shown in (Table 5).On the other hand, the synthesis nanoparticles showed 

increasing antibacterial properties as shown in (Table 6).  
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Table4: Mean and standard deviation (SD) values of acetone extract from seeds of nutmeg against 

Staphylococcus aureus, Staphylococcus epidermidis, Escherichia coli, Klebsiella sp. and Candida 

albicans. 

Sample 

No. 

Gram-positive Gram-negative Fungi 

S.aureus S. espidermis E .coil 
Klebsiella 

sp. 
C.albicans 

Mean ± SD Mean ± SD 
Mean ± 

SD 
Mean ± SD Mean ± SD 

S1 - - - - - 

S2 - - - - 10.33 ±1.24 

S3 7.33 ± 0.47 - - - - 

S4 8.66 ± 1.24 - - - 11.66 ± 1.24 

S5 - - - - 11 ± 0.81 

S6 - - - - 12.33 ± 0.47 

S7 11.6 ± 0.47 12 ± 0.81 14 ± 0.81 11.33 ± 1.24 13 ± 1.63 
  

Table5: Mean and standard deviation (SD) values of methanol extract from seeds of nutmeg against 

Staphylococcus aureus, Staphylococcus epidermidis, Escherichia coli, Klebsiella sp. and Candida 

albicans. 

Sample 

No. 

Gram-positive Gram-negative Fungi 

S.aureus 
S. 

espidermis 
E .coil Klebsiella sp. C.albicans 

Mean ± SD Mean ± SD 
Mean ± 

SD 
Mean ± SD Mean ± SD 

S1 - - - - - 

S2 - - - - - 

S3 - - - - - 

S4 - - - - - 

S5 - - - - - 

S6 - - - - - 

S7 - - - - -   

Table6: Mean and standard deviation (SD) values of IONPs against Staphylococcus aureus, 

Staphylococcus epidermidis, Escherichia coli, Klebsiella sp. and Candida albicans. 

Sample 

No. 

Gram-positive Gram-negative Fungi 

S.aureus 
S. 

espidermis 
E .coil Klebsiella sp. C.albicans 

Mean ± SD 
Mean ± 

SD 
Mean ± SD Mean ± SD Mean ± SD 

S1 - 12.6 ± 1.69 12.33 ± 1.24 - - 

S2 - - 11.66 ± 1.24 - - 

S3 11.3 ± 0.47 - 10.80 ± 0.84 - - 

S4 13 ± 0.81 - 11.16 ± 1.31 - - 

S5 14.3 ± 1.24 - - - - 

S6 - - - - - 

S7 17.6 ± 1.24 25.6 ±1.69 16.33 ± 1.24 14.66 ± 1.69 24.66 ± 1.24 
  

There are different inhibition mechanisms against microorganisms such as cell membrane damage, 

inhibition of protein synthesis and disruption of cell biological functions and cell membranes by 

specific enzymes. The nature of bacterial cell wall is influenced by the presence of compound like α-

Pinene and β-pinene (pinene-type monoterpene hydrocarbons) which is involved in the membrane cell 
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wall disruption by the lipophilic compounds [38]. In addition, the nature of gram-negative bacteria cell 

walls with high lipid content (up to 20 %) compared with 02% for gram-positive is responsible for the 

resistance of microorganisms such as Escherichia coli [13]. While gram-positive bacteria show more 

sensitivity to the antimicrobial compounds found in nutmeg [39]. On the other hand, there are several 

hypotheses involved to explain the extracting mechanism of NPs against bacterial strains. Generally, 

the iron oxide nanoparticles showed their antibacterial properties due to the production of reactive 

oxygen species (ROS), oxidative stress caused by ROS, the reaction of ions released by nanoparticles 

with thiol groups (–SH) of the bacterial cell, therefore, interrupting the DNA replication and protein 

synthesis process of microorganism by altering their structure [40]. Again, the positively charged metal 

ions released from NPs might interact with negatively charged bacterial strains surface with resulting 

in the disruption and destabilization of microorganism surface protein and subsequent cell death [12]. 

Alcoholic extracts of nutmeg showed antibacterial activity against micrococcus pyogens var. aureus 

[41]. Essential oil of nutmeg caused a significant inhibition of the growth and survival of Yersinia 

enterocolitica and Listeria monocytogenes [42]. It has been found that methanol extract of M. fragrans 

(seed), having a MIC of 12.5 μg.mL-1 against H. pylori strains, is highly effective in the treatment of 

gastrointestinal disorders[43].  

It is concluded that nutmeg acetone extract has antimicrobial activity against gram-positive bacteria in 

contrast to gram-negative bacteria which are resistant to both acetone and methanol extracts. While 

Candida albicans showed a higher sensitivity to acetone extract ranging from 11 to 15 mm diameter. 

For IONPs, the antibacterial activity increased in the range of 14 mm diameter.  

4. Conclusion 

The present study successfully demonstrates the environmentally friendly synthesis of iron oxide 

nanoparticles using nutmeg extract as a green reducing and stabilizing agent. Optimal synthesis was 

achieved under mild conditions (25 minutes, 30°C, pH 9) resulting in stable, semi-spherical α-Fe₂O₃ 

nanoparticles with sizes ranging between 45–53 nm. Comprehensive characterization confirmed their 

crystalline structure and surface chemistry. The IONPs exhibited superior antioxidant activity 

(85.98%) compared to the raw extract (79.08%), as well as effective antimicrobial action against 

various bacterial and fungal strains. Additionally, both the nutmeg extract and synthesized IONPs 

significantly inhibited COX-2 activity, highlighting their potential anti-inflammatory properties. The 

results underscore the therapeutic and environmental advantages of using nutmeg in the green 

synthesis of nanomaterials, opening pathways for further exploration in biomedical and pharmaceutical 

applications. 
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