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Abstract
It is known that heavy metal containing nanomaterials can easily prevent the formation of microbial cultures. The emergence 
of new generation epidemic diseases in the last 2 years has increased the importance of both personal and environmental 
hygiene. For this reason, in addition to preventing the spread of diseases, studies on alternative disinfectant substances are 
also carried out. In this study, the antibacterial activity of nanoflower and nanocube, which are easily synthesized and nano-
particle species containing iron, were compared. The antioxidant abilities of new synthesized NF@FeO(OH) and NC@α-
Fe2O3 were tested by DPPH scavenging activity assay. The highest DPPH inhibition was achieved with NC@α-Fe2O3 as 
71.30% at 200 mg/L. NF@FeO(OH) and NC@α-Fe2O3 demonstrated excellent DNA cleavage ability. The antimicrobial 
capabilities of NF@FeO(OH) and NC@α-Fe2O3 were analyzed with micro dilution procedure. In 500 mg/L, the antimicro-
bial activity was 100%. In addition to these, the biofilm inhibition of NF@FeO(OH) and NC@α-Fe2O3 were investigated 
against S. aureus and P. aeruginosa and it was found that they showed significant antibiofilm inhibition. It is suggested that 
additional studies can be continued to be developed and used as an antibacterial according to the results of the nanoparticles 
after various toxicological test systems.
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Introduction

Nanotechnology is defined as a design with shape and 
size with scale 1 nm and 100 nm, which is used in many 
areas, such as characterization, devices and systems con-
trols (Yin et al. 2020). Nanotechnology has a good number 

of applications including nanoparticles and nanomateri-
als (Li et al. 2021) (nanoflower, nanocubes etc.) (Lei et al. 
2021; Clark et al. 2019), nanomembranes (Puri et al. 2021), 
nanosensors (Sharma et al. 2021) and nanorobots (Zhou 
et al. 2021) have been produced. Porous nanoparticles not 
only have a bigger surface, but in addition improve phys-
icochemical properties. It has really been demonstrated that 
they are useful in lots of areas, including sensing, cataly-
sis, separation, and storage applications (Subramani et al. 
2021). Nanoparticles have a wide range of use, because they 
are nano-sized, they provide volume advantages, they have 
a reactive structure and they have antibacterial properties 
(Martín-Moreno et al. 2020). Nanomaterials are thought to 
be effective adsorbents. Nanomaterials are used as catalysts 
because of their wide variety of applications, shorter dis-
tance for interparticle diffusion, low temperature modifica-
tion, varied pore size, and surface chemistry benefits over 
other materials (Okejiri et al. 2020). Nanoparticle has been 
studied for different purposes cancer and tumor delivery 
(Alhallak et al. 2021; Ouyang et al. 2020), pharmaceutical 
industry (Cevaal et al. 2021), energy storage and transfer 

 *	 Nadir Dizge 
	 ndizge@mersin.edu.tr

 *	 Deepanraj Balakrishnan 
	 babudeepan@gmail.com

1	 Department of Environmental Engineering, Mersin 
University, 33343 Mersin, Turkey

2	 Technical Science Vocational School, Mersin University, 
Yenisehir, 33343 Mersin, Turkey

3	 Faculty of Pharmacy, University of Mersin, Turkey, 
Yenisehir, 33343 Mersin, Turkey

4	 College of Engineering, Prince Mohammad Bin Fahd 
University, Al Khobar 31952, Saudi Arabia

5	 Saveetha School of Engineering, Saveetha Institute 
of Medical and Technical Sciences, Chennai 602105, India

http://crossmark.crossref.org/dialog/?doi=10.1007/s13204-023-02822-5&domain=pdf
http://orcid.org/0000-0001-8986-6692


5422	 Applied Nanoscience (2023) 13:5421–5433

1 3

(Kumar et al. 2021; Pramanik et al. 2021), as a biosensor 
(Vizzini et al. 2021), the construction of sensors for tech-
nological purposes (Aslanidis et al. 2021), and wastewater 
treatment (El-Shafai et al. 2021), which can be exemplary 
studies.

Nanoflower (NF) is a newly developed type of nano-
particle class for various purposes. It has a just like plant 
flowers that possess a nanoscale framework between 100 
and 500 nm. The general properties of nanoflowers acceler-
ate the reaction kinetics and reaction efficiency due to its 
3D structure, it is combined with different materials, it has 
simple and cost-effective synthesis methods (Zhang et al. 
2021). Another nanomaterial is nanocubes, because its 
shape is similar to cubes. Nanocubes (NC) are an innovative 
material as other nanoparticles. Nanocubes with 3D struc-
ture are newly used in different application areas (Sun et al. 
2021; Mimura and Kato 2020). Rahmati et al. (2021) have 
produced an electrochemical biosensor with the nanocube 
device to speed up the early detection of protein detection 
of SARS-CoV-2. The nanocubes used in the study, having a 
large surface area in a small area, were able to achieve early 
diagnosis with a small amount of saliva sample.

Various research groups have synthesized nanomaterial 
using different chemicals, such as Fe (Ekata et al. 2020), Ni 
(Duan et al. 2021), Zn (Ekennia et al. 2021), Cu (Hu et al. 
2021), Ti (Harris et al. 2020) etc. Metallic nanoparticles 
are frequently used in applications such as catalysis, sens-
ing, optics, energy storage and antimicrobial due to their 
chemical structure and unique size and shape (Shahabadi 
et al. 2021). Nanomaterials produced with iron, which is a 
heavy metal group, are very useful in such application areas 
(Cabana et al. 2020). The oxide and (oxy) hydroxide of iron 
(Fe3O4 and FeOOH) have been shown to be beneficial in 
various fields. Among the wide variety of iron oxides, there 
are types, such as α-, β- and γ-types. These iron oxyhydrox-
ide (FeOOH) species are synthesized by different produc-
tion methods. Nanomaterials such as these, materials with 
magnetic fields, are used quite efficiently for a variety of 
applications. Goethite (α-FeOOH), which occurs naturally 
in soil and iron ore, has interesting magnetic properties 
and is an abundant mineral (Huang et al. 2020; Wan et al. 
2017). One of the iron-containing materials is iron (III) 
oxide-hydroxide (Fe(OH)3), hydroxyl ions are added into 
the solution containing Fe3+ ions and Fe(OH)3 is synthesized 
by reacting (Niu et al. 2021). Iron (III) oxide-hydroxide has 
been widely used in heavy metal removal for a long time. In 
a study by Pham et al. (2020) successfully purified arsenate, 
a type of arsenic, from drinking water with nanoflower type 
α-FeOOH. They determined that the adsorption capacity of 
nanoflower was 475 µg/g. Liu et al. (2021), examined the 
antibacterial activity of goethite type nanoflowers in their 
study. In their study, they determined that it caused RNA 
and membrane damage on E.coli bacteria. Supermagnetic 

materials such as magnetite (Fe3O4) and its oxidized form 
maghemite (γ-Fe2O3) are promising materials for biomedical 
applications due to their various properties. They've recently 
been widely employed in medication delivery systems to 
transport a variety of substances, as well as in a variety of 
other fields (Gabrielyan et al. 2020). Iron oxide, among the 
numerous metal oxides, emerges as a potential material due 
to its low cost, ease of production, and environmental friend-
liness. Fe2O3 nanoparticles have been synthesized by hydro-
thermal. Iron oxide exhibits various forms, such as magh-
emite (γ-Fe2O3), akaganeite (β-Fe2O3), hematite (α-Fe2O3), 
and ε-Fe2O3 (Xu et al. 2021). Karthika (2021) reported that 
iron-containing nanomaterial shows antibacterial activ-
ity towards Escherichia coli and Staphylococcus aureus 
bacteria. In their study, they aimed to use iron-containing 
nanomaterial as an implant. It has been determined that the 
nanomaterial obtained in the study can be beneficial for bone 
formation and tissue regeneration when used in advanced 
implant applications. Mohammad et al. (2020) constructed 
a flower-like structure in which they reported the superan-
timicrobial activity of E. coli. They used iron and silicon as 
inorganic compounds for the synthesized nanoflower. It may 
lead to the use of the compound obtained with this feature, 
which has superantimicrobial properties, in the health sector.

In this study, it was desired to compare the antibacte-
rial properties of nanoparticles synthesized by two different 
methods. One of the synthesized iron-containing nanoflower 
materials was obtained at low temperature. It was named 
NF@FeO(OH) for the sample. Another synthesized nano-
cubes was named NC@α-Fe2O3. Nanocubes were synthe-
sized under high temperature and pressure. The characteri-
zation of the nanoparticles obtained as a result of the study 
was obtained by various spectroscopic tools including XRD, 
SEM and EDX their antimicrobial activities were examined.

Materials and methods

Materials

Urea (CO(NH2)2, > %99.5), Iron (II) sulfate heptahydrate 
pure (FeSO4.7H2O) and Iron (III) chloride (FeCl3, > %98). 
All chemical was purchased from Sigma-Aldrich. Two-stage 
Millipore Direct-Q3 was used to produce distilled water.

Nanoflowers synthesis

NF@FeO(OH) was revised and synthesized using the 
hydrothermal method (Raul et al. 2014). Briefly, 6.95 g 
(0.1 M) FeSO4.7H2O was prepared in a 250 mL beaker 
with DI. The solution was heated to 60 °C with constant 
stirring. Stirring was continued for 30 min when the tem-
perature rises to 60 °C. 5 M urea solution pre-dissolved 
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in 250 mL of distilled water was added dropwise to this 
solution for 3.5 h. During the addition of the urea solu-
tion in the iron-containing solution, the temperature was 
increased up to 70 °C. After the urea solution was added, 
the temperature of the mixture was raised to 80 °C. Stir-
ring was continued, so that the total volume of the mix-
ture, whose temperature was kept constant, was reduced 
to half. The resulting brown precipitate was allowed to 
cool at room temperature and then washed repeatedly with 
distilled water and ethanol. Finally, it was left to dry in an 
oven at 70 °C for 4 h (Fig. 1).

Nanocubes synthesis

The preparation method of NC@α-Fe2O3 was optimized by 
according to the approach of reference (Devi et al. 2021). 
First, two different solutions were prepared for nanocube 
synthesis. FeCl3 was used in the first solution preparation. 
3.24 g of FeCl3 was added to 100 mL of distilled water and 
stirred for 20 min. until completely dissolved. In the second 
solution, you added 0.9 g of urea in 100 mL of distilled 
water and stirred for 20 min. Then, these two solutions were 
mixed at room temperature until they became homogeneous. 
The resulting mixture was kept in an autoclave at 135 °C for 

Fig. 1   Flow chart of synthesiz-
ing NF@FeO(OH) and NC@α-
Fe2O3
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12 h and allowed room temperature for cooling. After per-
forming all the steps of the synthesis method, the top water 
of the dark purple precipitate was removed after the particles 
precipitated. The precipitate separated from the top water 
was thoroughly washed with distilled water. It was then dried 
in an oven at 70 °C overnight. The powdered material was 
stored in a desiccator until characterization analysis (Fig. 1).

Characterization of nanoparticles

SEM–EDX were used for the morphology and elemental 
composition of the synthesized nanoflowers and nanocubes. 
The chemical structure of the nanoparticles was determined 
using XRD, with 2θ scan from 10° to 90°.

Activity of NF@FeO(OH) and NC@α‑Fe2O3 of DPPH

The DPPH free radical scavenging ability was applied to 
test the antioxidant capability of NF@FeO(OH) and NC@α-
Fe2O3 and the method was performed as previously indi-
cated by Ağırtaş et al. (2015).

DNA cleavage ability of NF@FeO(OH) 
and NC@α‑Fe2O3

The impact of newly synthesized NF@FeO(OH) and NC@a-
Fe2O3 on DNA molecules was investigated using E. coli 
plasmid DNA. The study was applied as previously per-
formed by Gonca et al. (2022).

Activity of NF@FeO(OH) and NC@α‑Fe2O3 
of antimicrobial

The conventional microdilution technique was used to vali-
date the antimicrobial ability of NF@FeO(OH) and NC@α-
Fe2O3. The study was applied as previously performed by 
Gonca et al. (2022, 2021).

Bacterial viability inhibition test

Microbial cell viability inhibition study was performed to 
evaluate effect of newly synthesized NF@FeO(OH) and 
NC@α-Fe2O3 on the growth inhibition of E. coli as a goal 
bacterium. Cell viability study was carried out according to 
the study of Gonca et al. (2022). Freshly prepared E. coli 
was collected after washing with NaCl and made ready 
for use in the experiment by adding sterile NaCl solution 
(10 mL). The suspension was co-treated with NF@FeO(OH) 
and NC@a-Fe2O3 and the mixtures were incubated for 1 h. 
It was then diluted and injected into solid Nutrient medium 
before being incubated. The colonies were then enumerated 
and cell viability inhibition was estimated.

Biofilm inhibition activity

In this study, biofilm inhibition of newly synthesized NF@
FeO(OH) and NC@α-Fe2O3 was studied using S. aureus 
and P. aeruginosa bacteria, with reference to the study by 
Gonca et al. (2021). First of all, NF@FeO(OH) and NC@α-
Fe2O3 were prepared at three different concentrations includ-
ing 125, 250 and 500 mg/L in a 24 well plates. After that, 
the corresponding wells were infected with S. aureus and P. 
aeruginosa, and the incubation period was 72 h at 37 °C. 
Positive control wells were determined as wells without 
NF@FeO(OH) and NC@a-Fe2O3. The wells were emptied 
completely after the waiting period and thoroughly washed. 
The plates were kept in an oven to dry. Afterwards, the plates 
dried for 45 min were allowed to stand by adding crystal vio-
let (CV) dye and were separated from the CV at the end of 
the time. After the biofilm had adsorbed the CV well, it was 
dissolved with ethanol. Measurement was performed using 
a spectrophotometer with an adsorbent value of 595 nm and 
was calculated to determine biofilm inhibition.

Results and discussion

Characterization of nanoparticles

In this study, XRD results for NF@FeO(OH) show many 
α-FeOOH peaks. The XRD results of the nanoflowers are 
given in Fig. 2. As presented in Fig. 2a, the peaks centered 
at 21.2°, 33.2°, 36.6° and 53.2o corresponding to the (110), 
(130), (111) and (221) can be indexed to the orthogonal 
phase of α-FeOOH, respectively (Huang et al. 2020; Hu 
et al. 2019). As shown in Fig. 2b, NC@α-Fe2O3 nanoparticle 
shows the presence of characteristics peaks corresponding 
to 24.1°, 33.1°, 35.6°, 40.8°, 49.4°, 54.05°, 62.42° and 63.9° 
for (102), (104), (110), (113), (024), (116), (214) and (300) 
planes of nanocubes α-Fe2O3 phase, respectively (Pan et al. 
2021; Liu et al. 2019). The characteristic peaks of the XRD 
peaks of α-FeOOH and α-Fe2O3 indicate the high purity 
of the obtained nanoflowers and nanocubes. Peaks corre-
sponding to both goethite and hematite components confirm 
the presence of α-FeOOH and α-Fe2O3 in the synthesized 
nanoparticles.

The surface morphology and shape of NF@FeO(OH) 
and NC@α-Fe2O3 were examined by SEM and are given 
in Fig. 3. The SEM images of NF@FeO(OH) in Fig. 3a, b 
shows that it has many flower-like morphologies and that 
they are evenly distributed. The iron oxide-hydroxide parti-
cle was found to have flower-like morphology and Fig. 3a, 
b support the morphological structure. Many blocks occur 
together in the SEM picture of NC@-Fe2O3, as illustrated in 
Fig. 3c. It clearly shows the morphology of the blocks and 
reveals their cubic shape with good uniformity. The particles 
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size of diameters of the particles is indicated as 850 nm in 
Fig. 3d.

The SEM–EDX results of the synthesized nanoparticles 
are shown in Fig. 4. Figure 4a shows the presence of peaks 
corresponding to C (9.67% w/w), N (5.81% w/w), O (32.2% 
w/w) and Fe (%52.32) according to the EDX spectra of NF@
FeO(OH). The EDX peaks support the XRD results and indi-
cate the purity of the synthesized nanoflower. EDX results 
for NC@α-Fe2O3 are given in Fig. 4b. The three obvious 
peaks of Fe were seen in accord with C, O and Cl, respec-
tively. The weights of Fe, C, O and Cl elements are %7.58, 
%17.74, %0.79 and %73.79, respectively. The carbon and 
nitrogen elements probably originate from the urea used 
during the synthesis of the nanoparticles. In addition, it is 

thought that the Cl in the EDX peak of the nanocube comes 
from FeCl3.

DPPH radical scavenging activity

Studies have revealed that substances with antioxidant activ-
ity have an important function in the prevention of cata-
racts, cancer, cardiovascular and many other diseases that 
are thought to be caused by oxidative stress (Niki 2010). 
As a result of these factors, the need for alternative natu-
ral or synthetic antioxidant molecules is growing by the 
day. In this investigation, the DPPH radical scavenging 
ability of both chemically synthesized of iron oxide nano-
particles were carried out by DPPH procedure. The data 

Fig. 2   XRD patterns of nano-
particules; a NF@FeO(OH), b 
NC@α-Fe2O3



5426	 Applied Nanoscience (2023) 13:5421–5433

1 3

are represented in Fig. 5. It is obviously seen from Fig. 5 
that by increase in amount of both iron oxide nanoparti-
cles the range of scavenging activity also increased. It was 
determined that the DPPH radical inhibition was found as 
17.83% for NF@FeO(OH) and 27.10% for NC@α-Fe2O3 at 
25 mg/L. DPPH scavenging activity improved from 36.67% 
to 57.39% and from 42.32% to 60.00% when the concentra-
tion of NF@FeO(OH) and NC@-Fe2O3 increased from 50 
to 100 mg/L, respectively. According to these results, the 
highest DPPH scavenging abilities of NF@FeO(OH) and 
NC@α-Fe2O3 were 63.48% and 71.30% at concentration of 
200 mg/L, respectively. Our results showed that the new 
synthesized NF@FeO(OH) and NC@α-Fe2O3 can donate 
proton or electron which in turn inhibits the DPPH free radi-
cals and also NC@α-Fe2O3 showed more effective radical 
inhibition activity than NF@FeO(OH). Khan et al. (2021) 
synthesized ZnO nanoflowers. They evaluated the in vitro 
DPPH inhibitory activity of ZnO nanoflower. They discov-
ered that DPPH inhibitory action was concentration depend-
ent, with the maximum DPPH radical scavenging ability 
of 60% at 5000 mg/L, confirming the results of the char-
acterization analyses. Patra and Baek (2017) reported that 
they synthesized two different Fe-NPs and investigated their 
DPPH scavenging ability. The outer leaves of Chinese cab-
bage derivated-FeNP and maize silky hairs derivated-FeNP 
also showed 27.30% and 26.98% at 100 μg/mL. Mohamed 
et al. (2021) reported that they used a green and chemical 
technique to create iron oxide nanoparticles. They inves-
tigated the iron oxide nanoparticles (IONPs)' antioxidant 

properties following the synthesis method. They found that 
chemically (Chem-IONPs), aloe Vera (AV-IONPs), cur-
cumin (Cur-IONPs) and green tea (GT-IONPs) exhibited 
26%, 45%, 58%, and 33% DPPH radical scavenging activity 
at 5000 mg/L. Our results showed higher DPPH inhibition 
ability with their findings. Due to their strong antioxidant 
activity, the NF@FeO(OH) and NC@α-Fe2O3 appear to be 
the most suitable candidates.

DNA cleavage ability

The importance of this molecule in cells is well-known, 
since even the smallest change in the DNA molecule can 
have a significant effect on the cell. As a result, it is a sig-
nificant anticancer and antibacterial target molecule. The 
effects of synthesized NF@FeO(OH) and NC@α-Fe2O3 
on DNA were investigated in this work. As a result, plas-
mid DNA was chosen as the target molecule, and DNA 
damage was detected using the agarose gel electrophoresis 
technique. Figure S1 depicts all of the acquired results. 
As shown in Fig. S1, newly synthesized NF@FeO(OH) 
and NC@-Fe2O3 shown good DNA nuclease activity, and 
it was discovered that NF@FeO(OH) and NC@-Fe2O3 
totally degraded DNA into its nucleotides. When Form I, 
the super-helical structure of plasmid DNA, turns into an 
open circular form with damage to DNA, it is called Form 
II. The linear structure formed as a result of the damage in 
both yarns is known as Form III observed between Form 
I and Form II. Form I, one of the three bands formed as 

Fig. 3   a, b SEM image of NF@
FeO(OH) and c, d SEM image 
of NC@α-Fe2O3



5427Applied Nanoscience (2023) 13:5421–5433	

1 3

a result of agarose gel electrophoresis, moves faster than 
Form II and Form III. This is due to the large load density 
and low volume (Mansour and Ragab 2019). According 
to Sohrabijam et al. (2017), they investigated the effect 
of chitosan coated superparamagnetic nanoparticles on 
DNA molecules. Their research found that when DNA 
interacted with different concentrations of chitosan coated 
superparamagnetic iron oxide nanoparticles, its conforma-
tion altered. Asadi et al. (2017) noticed that they studied 
they investigated the DNA interaction of chitosan-coated 
magnetic nanoparticles (CS-MNPs) with pBluescript II KS 
( +) plasmid DNA and it was determined that CS-MNPs 
demonstrated DNA cleavage ability. These results support 
our findings. According to these results, the new synthe-
sized of NF@FeO(OH) and NC@α-Fe2O3 can be utilized 
in drug industries as anti-cancer and antimicrobial agents 
after further investigations.

Fig. 4   EDX spectra of a NF@
FeO(OH); b NC@α-Fe2O3 
nanoparticles

Fig. 5   Comparison of DPPH scavenging efficiency of NF@FeO(OH) 
and NC@α-Fe2O3 with other chemicals
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Antimicrobial activity

Nanoparticles (NPs) have been extensively studied for their 
antimicrobial activity, so that they can act as a possible agent 
for designing drugs for therapeutic studies (Ansari et al. 
2017). For that reason, we investigated the effect of new syn-
thesized and characterized NF@FeO(OH) and NC@α-Fe2O3 
on antimicrobial activity against test microorganisms using 
micro-dilution assay. The results are represented in Table S1. 
MIC values of NF@FeO(OH) were found as 256 mg/L for 
E. coli, C. parapisilosis and P. aeruginosa, 128 mg/L for 
L. pneumophila, E. hirae, and S. aureus, C. tropicalis and 
64 mg/L for E. fecalis. On the other hand, MIC values of 
NC@α-Fe2O3 were determined as 256 mg/L for E. coli and 
C. tropicalis, 128 mg/L for P. aeruginosa, L. pneumophila, 
E. hirae, S. aureus and C. parapisilosis and 32 mg/L for E. 
fecalis. E. fecalis was found to be the microbe that responded 
to the newly synthesized NF@FeO(OH) and NC@-Fe2O3 
the most, as indicated by the findings. There have not been 
enough antimicrobial studies on NF@FeO(OH) and espe-
cially NC@α-Fe2O3 although there have been antimicrobial 
studies on different metal nanoparticles and different types 
of nanoparticles in the literature. Ashkarran et al. (2013) 
studied the antimicrobial activity of different geometries of 

silver nanostructures with including triangle, cube, sphere 
and wire which synthesized using solution-phase process. 
It was determined that all different geometries of silver 
nanostructures displayed antimicrobial effect. These cubic, 
wiry, spherical, and triangular NPs also showed the high-
est antimicrobial activity against S. aureus among the test 
microorganisms. Krishnamoorthy et al. (2014) reported that 
they synthesized new cerium oxides nanocubes and they 
also investigated the antimicrobial activity of cerium oxides 
nanocubes. It was found that cerium oxides nanocubes 
displayed significant antimicrobial activity against to test 
microorganisms. Mohamed et al. (2020) used several micro-
bial strains to perform antibacterial tests on the produced 
nanoparticles to investigate the antibacterial characteristics 
of green generated Fe2O3 NPs. Fe2O3 nanoparticles were 
shown to be antibacterial against B. subtilis, P. aeruginosa, 
and S. epidermidis. The nanoparticles have demonstrated 
their antimicrobial potential, the effects of ferric ions by 
causing changes in the conformational structures of micro-
bial DNA and proteins. Thus, it leads to a decrease in micro-
bial cell numbers. In addition, the generation of reactive 
oxygen species is one of the possible mechanisms by which 
iron oxide nanoparticles show antimicrobial activity (Ansari 
et al. 2017). In addition to these, difference in antimicrobial 

Fig. 6   Biofilm inhibition of S. 
aureus for NF@FeO(OH) and 
NC@α-Fe2O3 Nanoparticles 0 mg/L       500 mg/L     250 mg/L     125 mg/L                 
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activity results can be explained by the physicochemical 
and morphological characteristics, such as positive surface 
charge, shape, size of the NPs (Ashkarran et al. 2013). These 
similar antimicrobial mechanisms may have shown efficacy 
against the tested microorganisms in this study as well when 
using NF@FeO(OH) and NC@α-Fe2O3. As a result, NF@
FeO(OH) and NC@α-Fe2O3 need to be developed with fur-
ther studies to be used as antimicrobial agents in the phar-
maceutical industry.

Biofilm inhibition activity

Biofilm, which is a microbial life form frequently encoun-
tered in the natural environment, can be defined as a micro-
ecosystem formed by various microbial species to be pro-
tected from environmental factors and to stay in a suitable 
environment for their vital activities (Krishnamoorthy et al. 
2014). The biofilm structure that microorganisms form after 
they attach irreversibly to a living or non-living interface 
through organic exopolysaccharide structures they pro-
duce provides advantages for the microorganism in terms 
of escape from host defense and resistance to antibiotics 
(Marcinkiewicz et al. 2013; Høiby et al. 2011). Microbial 
biofilm formation on surfaces has been investigated for many 
years and is now accepted as one of the major factors in 

many bacterial infections with chronic tissue damage (Høiby 
et al. 2011). Infections that develop as a result of biofilms 
formed on different medical devices and biomaterials such 
as intravenous catheters, implants, heart valves, and con-
tact lenses cause serious therapeutic problems in patients 
(Lindsay and Holy 2006). In this study, P. aeruginosa and S. 
aureus were used as the biofilm-forming bacteria to examine 
the ability of NF@FeO(OH) and NC@α-Fe2O3 to suppress 
the growth of biofilms. Figures 6 and 7 were illustrated the 
biofilm inhibition of S. aureus and P. aeruginosa. It was dis-
covered that the biofilm inhibition ability of NF@FeO(OH) 
and NC@α-Fe2O3 was concentration-dependent. At all 
tested dosages, NC@α-Fe2O3 shown superior biofilm sup-
pression efficacy than NF@FeO(OH) for both test species. 
When used at 125 mg/L, NF@FeO(OH) and NC@-Fe2O3 
had biofilm inhibition activities against P. aeruginosa and 
S. aureus of 31.43%, 41.14%, and 11.94%, 28.35%, respec-
tively. The concentrations of NF@FeO(OH) and NC@α-
Fe2O3 were increased from 250 to 500 mg/L, the biofilm 
inhibition activity of P. aeruginosa increased from 51.96% 
to 68.48% and from 60.82% to 75.07%, respectively, and 
of S. aureus increased from 38.30% to 63.91% and from 
53.02% to 68.06%, respectively. Selim et al. (2020) reported 
that they decorated graphene oxide with Cu2O nanocube 
composite. They also investigated the antibiofilm activity 

Fig. 7   Biofilm inhibition of P. 
aeruginosa for NF@FeO(OH) 
and NC@α-Fe2O3
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and it was found that the biofilm activity of B. subtilis, P. 
aeruginosa, and E. coli was significantly inhibited. Khalid 
et al. (2019) synthesized rhamnolipid-coated iron oxide and 
silver (Ag) NPs. They stated that they developed an easy 
process for the synthesis method used in their study. They 
also investigated the effect of biofilm inhibition produced 
NPs on bacteria using P. aeruginosa and S. aureus bacteria. 
In addition, it was determined that these NPs exhibited sig-
nificant anti-biofilm activity against both microorganisms. 
It may be concluded that newly synthesized NF@FeO(OH) 
and NC@-Fe2O3 could be used as a potent alternative in 
medical applications to reduce infection severity through 
biofilm inhibition.

Microbial cell viability

Analyzes were carried out in our study to test the inhibi-
tion activity of microbial cell viability of newly synthe-
sized NF@FeO(OH) and NC@α-Fe2O3. The results are 
presented in Fig. 8. These findings led to the conclusion 
that the newly created nanoparticles effectively inhibited the 
development of E. coli. New synthesized NF@FeO(OH) and 

NC@α-Fe2O3 growth inhibited the E. coli as 94.32% and 
98.66% at 125 mg/L and 99.98% and 100% at 250 mg/L, 
respectively, in Fig. 8. It was also found that both new syn-
thesized iron NPs demonstrated 100% bacterial cell inhibi-
tion at 500 mg/L.

Janani et  al. (2021) used bacterial strains such as E. 
coli and Bacillus subtilis to test the antibacterial activity 
of FeV2O4 NCs. Antibacterial ability of the NCs against 
to E. coli and B. subtilis was investigated by exposing the 
microbial strains to NCs of between the concentration of 
0.1–50 mg/L. An increase in bacterial growth inhibition was 
seen with increasing concentration of NCs, where high sen-
sitivity was demonstrated by E. coli. The negatively charged 
microbial cell surface leads to interspersed electron transfer 
between cellular transmembranes. This situation causes vari-
ous stresses in cells and as a result, they produce reactive 
oxygen species (ROS). These ROS can be caused cell det-
riment break peptide bonds of proteins or protein–protein 
cross-links (Selim et al. 2020). According to these results, 
in the pharmaceutical sector newly synthesized iron nano-
particles of various forms can be utilized as antibacterial 
agents. Güven et al. (2022) investigated the antibacterial 

Fig. 8   Microbial cell inhibition 
of E. coli for NF@FeO(OH) 
and NC@α-Fe2O3
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effect on gram-positive and gram-negative bacteria with 
the copper-containing material obtained from cherry stalk. 
They determined different MIC values for bacteria, such 
as P. aeruginosa (10 mg/mL), E. coli (2.5 mg/mL) and E. 
fecalis (2.5 mg/mL). They stated that by adding different 
amounts of copper into the composite material, the func-
tionality of the synthesized material should be increased for 
its use in the biomedical field. In another study, Lee et al. 
(2020) investigated the antibacterial properties (MIC value: 
10 mg/mL) of the glucose oxidase-containing nanoflower 
material against E. coli in their study. They obtained more 
MIC values compared to our study.

Conclusion

In this study, two different types of iron nanoparticles were 
prepared. Characterization and morphology analyzes of 
the synthesized nanoparticles were performed. When the 
SEM images were examined, it was determined that NF@
FeO(OH) had a flower-like morphology and it was a goe-
thite (α-FeOOH) type of iron oxide according to both XRD 
and EDX results. NC@α-Fe2O3, which was found to have 
a cube-shaped structure in the SEM image, was found to 
contain hematite (α-Fe2O3) type iron oxide in XRD and EDX 
results. One of the aims of this study is to test various bio-
logical activities of newly synthesized NF@FeO(OH) and 
NC@α-Fe2O3. The antioxidant, antibacterial, biofilm inhibi-
tion, DNA cleavage, and microbial cell viability suppression 
effects of these iron nanoparticles were investigated for this 
aim. Using NF@FeO(OH), MIC values were determined 
as 256 mg/L for E. coli, P. aeruginosa and C. parapisilo-
sis. While it was 128 mg/L for L. pneumophila, E. hirae, 
S. aureus and C. tropicalis, it was determined as 64 mg/L 
for E. fecalis. In NC@α-Fe2O3 material, it was determined 
as 256 mg/L for E. coli and C. tropicalis, and 128 mg/L 
for P. aeruginosa, L. pneumophila, E. hirae, S. aureus and 
C. parapisilosis. In addition, 32 mg/L was accepted as the 
appropriate value for E. fecalis. NF@FeO(OH) and NC@α-
Fe2O3 growth inhibited the E. coli as 94.32% and 98.66% at 
125 mg/L and 99.98% and 100% at 250 mg/L, respectively. 
Based on these findings, we believe that the newly synthe-
sized chemicals can be employed for a variety of applica-
tions in the pharmaceutical business after passing numerous 
toxicological tests.
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