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 The green synthesis method is an economical and eco-friendly approach to 
synthesizing materials. This study effectively synthesized magnetic NiFe2O4 by 
Artocarpus altilis extract leave for the photocatalytic degradation of Methylene 
blue dye and exhibited antibacterial properties. The phytochemical compounds 
found in plants act as agents for reducing and stabilizing NiFe2O4. The synthesized 
NiFe2O4 was examined using X-ray diffraction (XRD), scanning electron 
microscopy with energy-dispersive X-ray spectroscopy (SEM-EDS), ultraviolet-
visible diffuse reflectance spectroscopy (UV-DRS), and vibrating sample 
magnetometry (VSM). The variables in degradation include solution pH, dye 
concentration, catalyst dose, and irradiation time. The synthesized NiFe2O4 has a 
12.4 nm crystallite size, a saturation magnetization (Ms) of 44.56 emu/g, and a 
band gap of 1.68 eV. The degradation efficiency of methylene blue dye was 98.2% 
under the following conditions: a solution pH of 10, a concentration of 10 mg/L, a 
dose of 0.1 g/L, and an irradiation time of 90 min. The degradation mechanism of 
Methylene blue dye may be accurately described by pseudo-first-order kinetics, 
with a kapp value of 0.0443 min-1. NiFe2O4 has high stability; after five degradation 
cycles, the degradation efficiency decreased by 4.45%. Additionally, NiFe2O4 
demonstrates significant antibacterial activity against Staphylococcus aureus and 
Escherichia coli bacteria. 

 

1. Introduction 

Organic pollutants, specifically dyes generated by the 
textile, leather, and printing sectors, are released into 
surface water and groundwater, posing significant 
threats to human and ecological health [1, 2]. Around 70% 
of dye production each year is attributed to azo dyes, 
which are characterized by the presence of azo groups 
(– N=N–) as chromophores, along with other functional 
groups, including sulfonate and hydroxyl groups [3, 4]. 
Methylene blue dye is extensively utilized in many 
industrial coloring procedures. Hence, developing 
efficient, cost-effective, and environmentally friendly 
methods for treating dye-containing wastewater that 
does not generate secondary pollutants is important. 

Traditional techniques such as chemical oxidation, 
coagulation, ion exchange, adsorption, and 
photocatalysis have eliminated dyes [5, 6]. Advanced 
Oxidation Processes (AOPs) have great potential in 
decreasing organic and inorganic pollutants. This 
approach is advantageous due to its cost-effectiveness 
and environmental sustainability [7]. Among all AOPs 
techniques, heterogeneous photocatalysis is the most 
effective in breaking down organic pollutants. When the 
catalyst absorbs radiation, it produces Reactive Oxygen 
Species (ROS), which interact with pollutants and break 
into simpler and non-harmful molecules [8, 9]. Various 
catalysts, including TiO2 [10], ZnO [11], SnO2 [12], and NiO 
[13], have been extensively employed in the field of 
photocatalysis. Typically, these oxides possess a 
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significant band gap (≥3.37 eV) that restricts their ability 
to convert energy efficiently [14, 15]. 

The structure of ferrite compounds is represented by 
the formula MFe2O4, where M could refer to Ni, Zn, Fe, Co, 
or Cu. NiFe2O4 is considered one of the most important 
soft materials among ferrite compounds due to its 
distinctive magnetic and electrical properties. It also 
exhibits strong chemical stability and mechanical 
hardness, making it a desirable material for various 
applications. NiFe2O4 is a magnetic semiconductor with a 
low band gap of 1.9 eV that has catalytic properties [6, 16]. 
Utilizing magnetic NiFe2O4 for photocatalytic degradation 
is highly efficient because it can be swiftly and easily 
separated from the solution after degradation using a 
permanent magnet without filtering [17]. 

NiFe2O4 is utilized in biomedical applications because 
of its exceptional anisotropy and strong chemical and 
physical stability. Malik et al. [18] demonstrate that 
NiFe2O4 exhibits an oxidative stress mechanism that gives 
rise to its anticancer and antibacterial properties. Other 
research shows that NiFe2O4 has antibacterial properties 
in vitro against two bacteria, namely Pseudomonas 
aeruginosa and Staphylococcus aureus [16]. The 
advantageous characteristic of NiFe2O4 is its capacity to 
degrade organic pollutants while concurrently impeding 
the proliferation of pathogenic bacteria. 

The synthesis of ferrite compounds can be achieved 
using numerous techniques, such as solution combustion 
[17], coprecipitation [19], sol-gel and hydrothermal [20], 
and microwave radiation [18]. The methods widely used 
for synthesizing ferrite compounds currently have 
several drawbacks, including using toxic and expensive 
chemicals, generating hazardous by-products harmful to 
the environment, and complex synthesis pathways. Green 
synthesis is considered a safe and ecologically sound 
approach [21, 22]. Compared to other methods, the green 
synthesis method for synthesizing ferrite compounds is 
plentiful, inexpensive, effective natural resources, and 
non-toxic and environmentally friendly [23]. Plant 
extracts and microorganisms, such as fungi and bacteria, 
are commonly used for the green synthesis of 
nanoparticles [24]. 

Phytochemicals are present in several parts of plants, 
including leaves, flowers, stems, bark, fruit, and roots 
[25]. The agents involved in the process of biosynthesis 
are phytochemical molecules that are present in plant 
extracts, including polyphenols, terpenoids, flavones, 
polyols, aldehydes, ketones, amides, carboxylic acids, 
and ascorbic acid. Plants contain proteins, enzymes, and 
sugars that stabilize nanoparticles and facilitate their 
interaction with other biomolecules [26]. The 
phytochemical content in plants is an agent for reducing, 
complexing, and stabilizing [27]. Various researchers 
have employed plant extracts to produce ferrite 
compounds. For instance, Yusefi et al. [28] utilized 
Garcinia mangostana fruit peel extract to synthesize Fe3O4, 
Banifatemi et al. [29] employed olive leave extract to 
synthesize CoFe2O4, and Kattimani et al. [30] utilized 
Acacia furnesiana plant for NiFe2O4 synthesis. 

Artocarpus altilis, belonging to the Moraceae family, 
is commonly known as sukun in Indonesia. This plant is 
widely distributed in tropical and subtropical regions [31]. 
Compounds found in the leaves stems, fruits, and bark of 
breadfruit plants include alkaloids, flavonoids, 
carbohydrates, terpenoids, tannins, glycosides, steroids, 
saponins, and carboxylic acids [32]. These compounds are 
utilized in various biological activities such as 
antibacterial, anti-tuberculosis, antiviral, antifungal, 
antiplatelet, anti-arthritis, tyrosinase inhibition, and 
cytotoxicity [33]. This study investigates the use of 
Artocarpus altilis leaf extract to synthesize NiFe2O4. 
Artocarpus altilis are readily available in Indonesia, leading 
to a plentiful supply of raw materials. Besides serving as a 
photocatalyst for degrading organic pollutants, NiFe2O4 is 
also expected to contain antibacterial properties that can 
eliminate and inhibit the proliferation of microorganisms 
in the environment. 

2. Experimental 

2.1. Materials 

The materials utilized in this study comprise 
Artocarpus altilis leaves obtained from the Ogan Ilir 
district, Fe(NO3)3.9H2O, NiNO3.6H2O, methylene blue dye, 
ethanol, NaOH, HCl and dimethyl sulfoxide (DMSO) 
produced from Merck, Germany. The microorganisms 
S. aureus and E. coli were obtained from PT. Bio Farma. 

2.2. Artocarpus altilis Leave Extraction 

The process began with removing impurities from 
medium-sized Artocarpus altilis leaves and then drying 
them in the open air for two days. The dried leaves were 
then pulverized into a fine powder known as simplicia. 
A total of 100 g of simplicia was immersed in a 96% 
ethanol solution at a 1:2 ratio. Maceration was conducted 
for 24 hours with regular stirring every 4 hours. The 
extract was then separated from the simplicia by 
filtration, and the concentrated extract was obtained 
using a rotary evaporator. 

2.3. Synthesis of NiFe2O4 

A solution was prepared by dissolving 4.04 g of 
Fe(NO3)3.9H2O and 1.45 g of Ni(NO3)2.6H2O in 10 mL of 
distilled water. To this solution, 50 mL of Artocarpus altilis 
leaf extract was added, and the mixture was homogenized 
for 15 min. The resulting solid was separated from the 
liquid and subjected to calcination in a furnace at 700°C 
for 3 hours. The synthesized NiFe2O4 was then stored in a 
hermetically sealed container for subsequent 
characterization and application. 

2.4. Characterization of Synthesized NiFe2O4 

The characterization of NiFe2O4 required the use of a 
variety of analytical techniques. X-ray diffraction (XRD) 
(PANalytical, Type: X’Pert PRO) was utilized with a 
setting of 40 kV and 15 Ma and CuKα λ = 1.5418 Å on the 2θ 
range of 10-90°. Fourier transform infrared spectroscopy 
(FTIR) was conducted using a Prestige-21 Shimadzu 
instrument with KBr pellets. Scanning electron 
microscopy with energy-dispersive X-ray spectroscopy 
(SEM-EDX) analysis was utilized to examine the surface 
morphology and element composition (Thermo Fisher 
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Scientific Phenom P-Series). Ultraviolet-visible diffuse 
reflectance spectroscopy (UV-Vis DRS) was carried out 
using a Cary 60 version type 2.00 instrument. Lastly, 
magnetic properties were assessed using a vibrating 
sample magnetometer (VSM) instrument (Quantum 
design PPMS). 

2.5. Determination of pHpzc (Point of Zero Charge) 

The solution was prepared by adding 0.02 g of 
NiFe2O4 to 0.1 M NaNO3 solution. The pH of the solution 
was then modified to a pH range from 2 to 12 by utilizing 
a 0.1 M solution of HCl and NaOH. pHpzc represents where 
the ΔpH curve (pHinitial-pHfinal) intersects with the pHinitial 
axis. 

2.6. Photocatalytic Degradation of Methylene Blue Dye 

Methylene blue dye was degraded using two 10 W LED 
lamps with an irradiation intensity of 0.2 mW/cm2. The 
methylene blue dye solution utilized had a volume of 
50 mL, and its characteristics included a variable pH 
range of 2 to 12, a concentration of NiFe2O4 ranging from 
10 to 50 mg/L, and a dosage of NiFe2O4 ranging from 0.025 
to 0.1 g/L. Before the photodegradation process, the 
mixture was agitated using a magnetic stirrer at a speed 
of 120 rpm for 30 min under darkness, allowing for the 
establishment of adsorption-desorption equilibrium. The 
UV-Vis Spectrophotometer (Orion Aquamate 8000 Type) 
was used to observe the absorbance of methylene blue 
dye. Degradation efficiency was calculated using 
Equation (1). 

 Degradation Efficiency (%) = 𝐶0− 𝐶𝑡

𝐶𝑜
 𝑥 100 % (1) 

Where, C0 and Ct represent the initial concentration of dye 
and the concentration of dye at the time. 

2.7. Antibacterial Test 

The antimicrobial efficacy of NiFe2O4 was evaluated 
against two bacterial strains, specifically the Gram-
negative bacterium E. coli and the Gram-positive 
bacterium S. aureus, using the disk diffusion method. 
A solution of NiFe2O4 was prepared at 500, 250, 125, 67.5, 
and 33.75 µg/mL in DMSO solvent and homogenized with 
a sonicator. Fresh cultures of E. coli and S. aureus were 
grown to a density of 0.5 McFarland. A 1 mL aliquot of the 
bacterial suspension was added to a petri dish containing 
nutrient agar medium and thoroughly mixed. A 0.6 mm-
thick paper disc was placed in each petri dish and treated 
with 10 µL of the NiFe2O4 solution at varying 
concentrations. The petri dishes were incubated at 37°C ± 
0.1°C for 24 hours, after which the diameter of the 
inhibition zones was measured. DMSO served as the 
negative control. The procedure was conducted in 
triplicate. 

3. Results and Discussion 

3.1. Characterization of NiFe2O4 

The phytochemicals contained in Artocarpus altilis 
leaf extract have the ability to reduce metal ions and 
stabilize particles. The mechanism of NiFe2O4 formation 
occurs in four stages: metal ion reduction, nucleation, 
growth, and stabilization. The first step involves the 

precursor materials, Ni2⁺ and Fe3⁺, being reduced to 
Ni⁺/Ni0 and Fe2⁺/Fe0. Furthermore, the nucleation reaction 
of NiFe2O4 occurs through oxidation and the addition of a 
base. The nucleation process continues to grow into 
crystals, during which the phytochemicals function as 
stabilizers to prevent NiFe2O4 from agglomeration [24, 
34]. The mechanism for the synthesis of NiFe2O4 is shown 
in Equations (2) and (3). 

 Ni2+ + Fe3+ + phytochemicals → Ni+/Ni0
(red) + Fe2+/Fe0

(red) + 
phytochemicals  (2) 

 Ni+/Ni0
(red) + Fe2+/Fe0

(red) + phytochemicals + OH- → 
NiFe2O4-phytochemicals  (3) 

Figure 1 displays the XRD pattern of NiFe2O4. The 
diffraction peak at 2θ belongs to JCPDF No. 54–0964, 
which exhibits characteristic peaks at specific angles: 
30.24°, 35.57°, 37.14°, 45.46°, 47.92°, 53.74°, 57.18°, 
62.80°, 66.25°, and 75.30°. These angles correspond to 
respectively specific crystallographic planes: (220), (311), 
(222), (400), (411), (422), (511), (440), (531), and (444). 
The peak observed in the data corresponds to the cubic 
spinel structure, as elucidated by Bernaoui et al. [7]. The 
lack of further peaks suggests a structure consisting of 
only one phase [6]. The mean crystallite size of NiFe2O4 is 
determined using the Debye-Scherrer equation 
(Equation (4)). 

 

Figure 1. XRD diffraction pattern of NiFe2O4 

 

Figure 2. SEM image of NiFe2O4 
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 D =
𝐾𝜆

β cos θ
 (4) 

Where D is the crystallite size, K is the Scherrer constant, 
λ is the X-ray wavelength, β is the full-width half 
maximum, and θ is the Bragg angle. The crystallite size of 
NiFe2O4 is obtained at 12.4 nm. The crystallite size in this 
study is smaller compared to NiFe2O4 synthesized using 
the Acacia furnesiana plant, which is 15.5 nm [30]. A 
smaller crystallite size results in a greater surface area, 
which enhances catalytic activity. 

Figure 2 displays the morphology of NiFe2O4 at a 
magnification of 3,000×. The surface of NiFe2O4 has a 
spherical shape characterized by varying particle sizes. 
The EDS analysis results, as shown in Table 1, indicate 
that the primary constituents of NiFe2O4 are Ni (21.15%), 
Fe (42.39%), O (28.68%), and C (7.78%). Element C is 
derived from the extract of Artocarpus altilis leaves. 

Figure 3a displays the UV-visible absorbance spectra. 
NiFe2O4 exhibits strong absorption in the ultraviolet (UV) 
and visible spectra. An absorption band was identified at 
around 750 nm, which is consistent with the observations 
of Fidelis et al. [35] in their synthesis of NiFe2O4 using the 
thermal technique. The broad absorption band is 
attributed to a d-d transition from Ni-36-t2g to Ni-3d-
eg [36]. The band gap energy is determined by employing 
the Tauc equation, which involves calculations based on 
the Schuster-Kubelka-Munk function (Equation (5)). 

 

Figure 3. (a) Absorbance spectra and (b) band gap curve 
of NiFe2O4 

 𝐹(𝑅). ℎ𝑣 = 𝐶. (ℎ𝑣 − 𝐸𝑔)𝑛 (5) 

F(R) represents the Schuster-Kubelka-Munk 
function, directly proportional to the absorption 
coefficient. The band gap value is determined by 
extrapolating the square of the product of F(R) and hv 
against hv at the point where F(R) equals zero [35]. The 
band gap value of NiFe2O4 was determined to be 1.68 eV 
(Figure 3b), which coincides with the value reported by 
Hemalatha et al. [6] for NiFe2O4 produced via the 
coprecipitation method. 

The magnetic characteristics of NiFe2O4 were 
analyzed using a VSM at normal ambient temperature 
(Figure 4). The research findings indicated that the 
magnetic saturation (MS) value measured 46.80 emu/g. 
In contrast to the study conducted by Abbas et al. [37], the 
MS value of NiFe2O4 synthesized by the co-precipitation 
approach was 32.9 emu/g, while NiFe2O4 synthesized 
using Murayya koenigii extract had an MS value of 5.2 
emu/g [38]. The MS value of the material is lower than 
that of bulk NiFe2O4, which is 55 emu/g, according to 
Rincón-Granados et al. [16]. The application of a non-
magnetic coating made from Artocarpus altilis leave 
extract decreases the magnetic characteristics. 

3.2. Photocatalytic Degradation of Methylene Blue Dye 

The pH of the solution heavily influences the 
degradation process. The degradation process begins 
with the adsorption of dye molecules onto the surface of 
the catalyst [39]. The affinity between the dye and NiFe2O4 
governs the interaction. In an acidic solution, there is 
competition between H+ ions and methylene blue dye, 
which is positively charged (cationic dye), for attraction 
to the NiFe2O4 surface. The pHpzc of NiFe2O4 was 
determined to be 7.2, as shown in Figure 5a. When the pH 
is higher than the pHpzc, NiFe2O4 has a negative charge. As 
a result, a higher pH leads to more breakdown because of 
the attractive forces between the positively charged dye 
and the negatively charged NiFe2O4. The study found that 
the highest level of degradation occurred at a pH of 10, 
resulting in a reduction of 78.56% (Figure 5b). Additional 
studies indicate that the most favorable pH range for the 
breakdown of methylene blue dye is in alkaline 
conditions, specifically between pH 9 and 12 [39, 40]. The 
degrading mechanism was described [21] in Equations (5) 
to (8). 

 

Figure 4. The magnetization curve of NiFe2O4 composite 
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Figure 5. (a) pHpzc, and effect of (b) pH solution, (c) methylene blue dye concentration, and (d) irradiation time to the 
Ct/C0 

 NiFe2O4 + ℎ𝑣 → NiFe2O4 + (𝑒𝐶𝐵
−  + ℎ𝑉𝐵

+ ) (5) 

 NiFe2O4 + (𝑒𝐶𝐵
− ) + O2 → (•O2

–) (6) 

 NiFe2O4 + (ℎ𝑉𝐵
+ ) + H2O → NiFe2O4 + H+ + •OH (7) 

 MB + •O2
– + •OH  → CO2 + H2O + other product (8) 

When NiFe2O4 is exposed to irradiation, electrons are 
stimulated from the lower Valence Band (VB) energy level 
to the higher Conduction Band (CB) energy level, leading 
to the creation of vacancies in the VB. The hole in VB 
reacts with water to form hydroxyl radicals (•OH). 
Concurrently, oxygen molecules that are dissolved on the 
surface of NiFe2O4 nanoparticles engage with electrons on 
CB, forming superoxide radicals (•O2

–). Reactive species 
on the NiFe2O4 surface act as a potent oxidizing agent, 
leading to the degradation of the methylene blue dye on 
the catalyst surface. The mineralization process by 
reactive species produces CO2 and H2O molecules [17, 41]. 

Figure 5(c) illustrates a negative correlation between 
the concentration of methylene blue dye and its 
degradation efficiency. The degradation efficiency was 
88.4% when the concentration of methylene blue dye was 
10 mg/L, but it reduced to 61.6% when the concentration 
was increased to 50 mg/L. Abd El Khalk et al. [39] observed 
the same behavior when degrading methylene blue dye 
with a zeolitic imidazolate nanocomposite. At elevated 
concentrations of methylene blue dye, there is an increase 
in the adsorption of dye on the surface of the 
photocatalyst. This hinders light penetration on the 
catalyst surface, resulting in insufficient reactive species 
for the degradation process [38]. 

Optimizing degradation requires careful 
consideration of catalyst dose. The dose variations in this 
investigation ranged from 0.025 to 0.1 g/L, with 
increments of 0.025 g/L. The degradation efficiency using 

a catalyst dose of 0.025 g/L was 88.4%, with a methylene 
blue dye concentration of 10 mg/L and 90 min irradiation 
time. Augmenting the amount of catalyst leads to a 
corresponding enhancement in degradation efficiency. 
The highest degradation efficiency was achieved at a 
concentration of 0.1 g/L, resulting in a degradation 
efficiency of 98.2% (Figure 5d). Increasing the catalyst 
dosage leads to a more significant number of active sites 
available for degrading methylene blue dye, improving 
degradation efficiency [42, 43]. 

3.3. Kinetics Studies 

The photodegradation rate of methylene blue dye 
using NiFe2O4 in this study was tested using a pseudo-
first-order equation (Equation (9)) [44]. 

 𝐿𝑛 𝐶
𝐶0

⁄ = −𝑘𝑎𝑝𝑝𝑡 (9) 

Where, C and C0 represent the concentrations at time 
t and t = 0, respectively, while 𝑘𝑎𝑝𝑝 denotes a pseudo-
first-order constant. The concentration of methylene 
blue dye used was 10 mg/L, the pH of the solution was 10, 
and the catalyst dose was 0.1 g/L (Figure 6). The obtained 
R2 value was 0.993, which is close to 1, indicating a high 
level of linearity [21]. The obtained value for kapp is 0.0443 
min-1. Degradation of methylene blue dye initially 
proceeded slowly and then increased rapidly. The slow 
phase is termed the induction period, during which the 
methylene blue dye remains on the surface of the catalyst 
[7]. The kapp value exceeds the degradation rate of 
methylene blue dye employing CdS Nanorods at the same 
pH (pH 10), namely 0.0391 min-1 [45]. 

Table 1 presents a comparative analysis of the 
degradation of methylene blue dye utilizing other 
materials. The study demonstrates that the degradation 
efficiency of methylene blue dye using NiFe2O4 is superior 
to that of other methods. 
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Table 1. Degradation of methylene blue dye by some materials 

Material 
Dye 

concentration 
(mg/L) 

Catalyst dose 
(g/L) 

Irradiation time 
(min) 

Degradation 
efficiency (%) Ref. 

ZnFe2O4@SiO2@TiO2 10 1.0 120 95.1 [46] 

CuO/Bi2O3 10 0.2 120 87.8 [47] 

TiO2-MoO3 12.6 0.33 210 33.0 [48] 

TiO2/g-C3N5 20 - 105 92.4 [49] 

CuNiFe2O4/g-C3N4 15 0.8 180 97.23 [50] 

CeO2-NPs/graphene 
oxide/polyacrylamide 5 0.25 90 90.0 [40] 

NiFe2O4/ZnO 5 0.05 130 91.36 [51] 

CuO 5 0.2 60 97.0 [43] 

NiFe2O4 10 0.1 90 98.2 This work 

 

Figure 6. Kinetics model of NiFe2O4 for methylene blue 
dye degradation 

3.4. Recyclability of Catalysts 

Photocatalyst stability and recyclability are crucial 
when considering catalysts in various applications [43]. 
Catalyst recyclability assessment is achieved by 
submitting the composite to degradation processes. The 
method begins with an external magnet separating the 
catalyst from the mixture, followed by the degradation 
process, which is washed repeatedly with distilled water 
and ethanol. The catalyst was dried at 80°C for 5 h before 
being utilized again [19]. Figure 7 demonstrates that 
employing a catalyst for 5 cycles reduced degradation 
efficiency by 4.45%. The degradation efficiency for five 
cycles was 98.20%, 97.60%, 95.85%, 94.40%, and 
93.75%. The results suggest that the stable catalyst can be 
employed multiple times, making it suitable for industrial 
applications in liquid waste treatment. 

 

Figure 7. Recycle efficiency of NiFe2O4 for methylene 
blue dye degradation 

3.5. Effect of Scavenger 

Scavenger analysis is employed to evaluate the active 
radicals produced during photodegradation. The findings 
depicted in Figure 8 indicate that the degradation 
efficiency of methylene blue dye is impacted by various 
factors, including a 90-minute irradiation time, a dye 
concentration of 10 mg/L, and a catalyst dose of 0.1 g/L. In 
terms of effectiveness, ranked from highest to lowest, 
H2O2, disodium ethylene diamine tetraacetate (EDTA), 
and isopropyl alcohol (IPA) are observed. The superior 
efficacy of H2O2 is primarily attributed to the generation 
of hydroxyl radicals [6]. EDTA and IPA led to a noticeable 
decrease in photodegradation efficiency, affirming the 
substantial involvement of H+ and •OH radicals in the 
photodegradation process [52]. 
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Figure 8. The effect of scavenger for methylene blue dye 
degradation 

3.6. Antibacterial Activity 

The antibacterial activity test was conducted on two 
types of bacteria, specifically S. aureus and E. coli. The 
values of NiFe2O4 ranged from 500 µg/mL to 33.75 µg/mL. 
Table 2 displays the inhibitory values for each 
microorganism. The size of the inhibition zone expands 
as the concentration of NiFe2O4 increases. The minimum 
inhibitory concentrations (MIC) of 67.5 µg/mL exhibited 
potent activity against both S. aureus and E. coli bacteria, 
resulting in inhibition zones of 13.2 mm and 10.2 mm, 
respectively. The findings indicated that the growth 
inhibition zone for S. aureus bacteria surpassed that of 
E. coli. The vulnerability of E. coli bacteria compared to 
S. aureus is due to a substantial peptidoglycan coating in 
the walls of gram-positive bacteria [41]. A similar result 
was obtained when the synthesis of NiFe2O4 using lime 
peel extract indicated that the inhibitory zone for E. coli 
bacteria was smaller than that of S. aureus bacteria. At a 
concentration of NiFe₂O₄ of 50 µg/mL, the inhibition 
zones against E. coli and S. aureus are around 13 mm and 14 
mm, respectively [18]. 

The antibacterial activity is achieved by various 
processes, including liberating toxic ions (Ni2+ and Fe3+) 
that can infiltrate bacterial cells, oxidative stress, 
mechanical disruption of membranes, enzymatic 
inhibition, and proteolysis [53]. Other research indicates 
that NiFe2O4 can hinder the proliferation of several 
bacteria, including S. aureus, E. coli, Staphylococcus 
epidermis, Staphylococcus xylosus, Staphylococcus 
saprophyticus, and Pseudomonas aeruginosa [38]. 

Table 2. Zone of inhibition of NiFe2O4 

Concentration 
(µg/mL) 

Inhibition zone (mm) 

S. aureus E. coli 

500 22.4 ± 0.28 19.5 ± 0.35 

250 18.2 ± 0.09 17.8 ± 0.22 

125 15.4 ± 0.11 13.6 ± 0.21 

67.5 13.2 ± 0.08 10.2 ± 0.45 

33.75 0 0 

(-) 0 0 

4. Conclusion 

The green synthesis method, mainly using Artocarpus 
altilis leave extract, has been effectively employed to 
produce NiFe2O4 with magnetic characteristics. NiFe2O4 
degrades methylene blue dye with 98.2% efficiency when 
exposed to visible light at a solution pH of 10, Methylene 
blue dye concentration of 10 mg/L, dose of 0.1 g/L, and 
irradiation time of 90 min. The magnetic characteristics 
of NiFe2O4 are crucial for the catalyst's recyclability and 
reusability. The catalyst has excellent stability, as it may 
be reused for up to 5 cycles without any notable loss in 
degradation efficiency (4.45%). The results indicate that 
the NiFe2O4 catalyst demonstrates proficiency in 
degrading Methylene blue dye and exhibits antibacterial 
properties against gram-positive and gram-negative 
bacteria, particularly S. aureus and E. coli. Consequently, it 
holds potential for wastewater treatment applications. 
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