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Abstract
In this study, we aimed to fabricate an enhanced antibacterial agent to act against pathogenic bacteria in aqueous environ-
ments. To achieve this, silver nanoparticles (AgNPs) were inlaid on a kappa-carrageenan (KC) base and coated on  Fe3O4 
magnetic cores  (Fe3O4@KC@Ag). Superparamagnetic  Fe3O4 nanoparticles were designed at the center of the composite 
nanostructure, allowing magnetic recovery from aqueous media in the presence of a magnet. The synthesized nanoconju-
gate was characterized in each step using XRD, FT-IR, EDX, FE-SEM, TEM, DLS, VSM, and disk-diffusion antibacterial 
method. Results show that the nanocomposite system is formed, while the magnetic properties remain practically stable. 
The agglomeration of the AgNPs was decreased by the trap-like function of KC coating, which resulted in an improved 
antibacterial activity for the  Fe3O4@KC@Ag formulation. These findings suggest that  Fe3O4@KC@Ag nanocomposites 
could be promising agents for combating bacterial infections in aqueous environments.

Keywords Water treatment · Kappa-carrageenan · Superparamagnetic nanoparticle · Silver nanoparticle · Antibacterial 
activity

Introduction

Potable water, which makes up only 2.5% of the Earth’s total 
water, is essential for maintaining human health (Erukhi-
movich and Olvera de La Cruz 2007, Hillie and Hlophe 
2007). However, rapid population growth has led to a water 
shortage, making purification a critical step in ensuring 
the availability of safe drinking water. Waterborne patho-
gens, including viruses, bacteria, helminths, and protozoa, 
can cause serious systematic and gastrointestinal diseases 
(Muoio, Caretti et al. 2020). Currently, water disinfection 
has primarily relied on processes such as ultraviolet irra-
diation, ozonation, chlorination, and chemical treatments 
like chloramine (Miao, Teng et al. 2019). These traditional 
methods, however, have limitations, including low durabil-
ity, toxic byproducts, high cost, and low impact on viruses 
(Mukhopadhyay, Duttagupta et al. 2022). Therefore, alterna-
tive or complementary methods are necessary needs.

Nanotechnology has emerged as a promising field for 
developing solutions to fight pathogenic microorganisms. 
Nanoparticles (NPs), which have a high specific surface area 
and small size (typically below 100 nm), offer a high reac-
tivity and have been shown to have antibacterial properties. 

Highlights  
• Rapid three-step synthesis of magnetic  Fe3O4@kappa-
carrageenan@Ag nanocomposite was fabricated.
• The presence of KC in the nanocomposite significantly enhanced 
the antibacterial function of AgNPs, resulting in a nanocomposite 
with a distinguishably higher bactericidal activity.
•  Fe3O4@KC@Ag nanocomposite could be offer as an efficient 
and cost-effective platform for improving water treatment, which 
is a major public health concern worldwide. 
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Among them, silver nanoparticles (AgNPs) are widely stud-
ied due to their recognized antibacterial nature and ease of 
application (Amiri, Vatanpour et al. 2022, Yonathan, Mann 
et al. 2022).

In recent years, numerous publications have focused 
on the synthesis and characterization of AgNPs with anti-
microbial properties. For instance, Rama et al. (2022) 
explored the production of antimicrobial, antioxidant, 
and angiogenic bioactive silver nanoparticles using Mur-
raya paniculata (L.) jack leaves (Rama, Baldelli et al. 
2022). Prabhu and Poulose (2012) discussed the mecha-
nism of antimicrobial action, synthesis, medical applica-
tions, and toxicity effects of silver nanoparticles (Prabhu 
and Poulose 2012). Although the precise mechanism of 
bacterial death by nanoparticles is not firmly specified, 
it is believed that AgNPs attack bacteria by attaching 
and penetrating their membranes (Jalili, Allafchian et al. 
2019). Dakal et al. (2016) focused on the mechanistic 
basis of the antimicrobial actions of AgNPs, shedding 
light on the underlying mechanisms. They noted that 
the interaction between AgNPs and antibacterial agents, 
including the release of  Ag+ ions and subsequent reac-
tions with cellular components, can result in the death 
or mutation of bacteria (Dakal, Kumar et al. 2016). It 
has been reported that smaller nanoparticles can exhibit 
greater antibacterial activity, but the agglomeration of 
AgNPs poses a challenging issue (Guzman, Dille et al. 
2012). To address this problem and stabilize AgNPs, 
several techniques have been employed, such as immo-
bilization on polymeric platforms, which minimizes the 
toxicity of AgNPs (Zahran and Marei 2019, Zhao, Tian 
et al. 2022).

In this study, we focus on the utilization of kappa-carra-
geenan (KC), an environmentally friendly polymer (Fig. 1) 
that is known as a sulfated polysaccharide and a member 
of the carrageenan family (Abdullah, Azeman et al. 2018). 
Carrageenans are water-soluble biopolymers consisting of 
D-galactose residues connected intermittently in α-1, 3, 
and β-1, 4 bonds in addition to pyranosidic rings and are 

famous for their desirable gel-forming ability (Daniel-da-
Silva, Fateixa et al. 2009, Jiang, Zhang et al. 2021). They 
have been mainly applied in food, cosmetics, and pharma-
ceutical industries as stabilizing, emulsifying, and gelifi-
cant agents. KC, obtained from a red marine algae by the 
name of Rhodophyceae, is a non-toxic water-soluble poly-
mer that can form a thermoreversible gel (Şen and Erboz 
2010, Prasetyaningrum and Praptyana 2019). In addition, 
KC products such as oligosaccharides show a sensible bac-
tericidal activity (Wang, Yao et al. 2012). Therefore, as a 
natural carbohydrate, KC could act in synergy with AgNPs 
against bacteria.

On the other hand, the presence of a magnetic core 
at the center of these particles can significantly facil-
itate their separation from aqueous media and pro-
vides a chance of recycling them for the next treat-
ment cycles (Lin, Cui et al. 2013, Allafchian, Jalali 
et al. 2016). Aside from applications in drug delivery 
(Nikforouz, Allafchian et  al. 2021), hyperthermia 
(Yang, Huang et al. 2020), catalysis(Li, Zhao et al. 
2019), and magnetic resonance imaging (MRI) (Wu, 
Sun et al. 2019, Yu, Zhao et al. 2019), superparamag-
netic  Fe3O4 NPs can play an important role as the 
core of a nanocomposite structure for water treatment 
processes. One research group studied the synthesis 
and characterization of a hydrogel called kappa-carra-
geenan grafted with N-hydroxyethylacrylamide (κC-g-
PHEAA) (κC-g-PHEAA) and a hybrid nanocomposite 
containing  Fe3O4 nanoparticles (Kulal and Badala-
moole 2020). The nanocomposite displayed super-
paramagnetic behavior and both the hydrogel and 
nanocomposite exhibited high adsorption capacity for 
cationic dyes and metal ions in aqueous solutions. The 
presence of magnetite nanoparticles improved adsorp-
tion and enabled easy separation using an external 
magnetic field (Kulal and Badalamoole 2020). These 
findings suggest that the synthesized adsorbents hold 
promise for effective removal of dyes and metal ions 
from wastewater.

Fig. 1  The chemical structure of 
κ-carrageenan
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In this study, we aimed to synthesize and characterize 
a novel  Fe3O4@KC@Ag nanocomposite with efficient 
antibacterial activity. While the antibacterial properties of 
AgNPs have been widely studied, the use of KC as a syner-
gistic agent in conjunction with AgNPs to combat bacteria is 
relatively novel and less explored in the literature. We aimed 
to investigate the combined antimicrobial efficacy of AgNPs 
and KC and explore the potential of this synergistic approach 
for water disinfection. By utilizing KC as a stabilizing agent 
for AgNPs and evaluating their combined effects, we also 
aimed to enhance the antimicrobial activity and stability of 
AgNPs, thus providing a novel approach to address the chal-
lenges associated with traditional water disinfection meth-
ods. Furthermore, our study incorporates the incorporation 
of a magnetic core, superparamagnetic  Fe3O4 nanoparticles, 
in the nanocomposite structure. This magnetic core not only 
facilitates the separation of the nanocomposite from aqueous 
media but also opens up possibilities for their reuse in sub-
sequent treatment cycles. Findings indicated that the  Fe3O4 
core at the center of the particles can significantly facili-
tate their separation from aqueous media and also the final 
nanocomposite depicted reliable antibacterial performance 
against both Gram-negative and Gram-positive bacteria.

Method

Materials and instruments

All chemicals in this research were of analytical grade and 
were used without further purification. The precursors 
including KC, ferric chloride hexahydrate  (FeCl3.6H2O, 
≥99%), ferrous chloride tetrahydrate  (FeCl2.4H2O, 
≥99.0%), sodium hydroxide (NaOH, ≥98%), silver nitrate 
 (AgNO3, ≥99.0%) and hydrazine  (N2H4, 98%) were pur-
chased from Merck (Germany). All solutions were pre-
pared with double distilled water as solvent. XRD patterns 
were obtained by a Philips X-ray diffractometer using 
Cu-Kα radiation in the range of 10.02 to 99.97° (35 kV, 
20 mA). The FT-IR tests were carried out using a Jasco 
spectrophotometer, and FE-SEM images were taken using 
a Hitachi S4160 device. A thin layer of gold was sputter 
coated on the samples before taking the FE-SEM images. 
The morphology of the nanocomposite was explored in 
detail by TEM (Philips CM10-HT), and the hydrodynamic 
diameter of the particles was measured by DLS (Horiba 
SZ-100). The magnetic nature of the samples was investi-
gated by VSM (Danesh Pajoh).

Synthesis of  Fe3O4 cores

Fe3O4 nanoparticles were synthesized based on a co-
precipitation method (Saxena and Singh 2017). To begin 

with, both  FeCl3.6H2O and  FeCl2.4H2O solutions (0.1 
M) were independently prepared using 25 mL of distilled 
water. The solutions were mixer under an argon atmos-
phere at 60 °C. After 5 min stirring, NaOH solution (1 
M) was added to the reaction container for a reduction 
process. Maintaining a temperature of 70 °C for 30 min 
was adequate to reach  Fe3O4 black products. The chemi-
cal reaction presented in Eq. (1) illustrates the formation 
of magnetite nanoparticles (Petcharoen and Sirivat 2012, 
Marimón-Bolívar and González 2018).

The reaction vessel was cooled in ambient temperature; 
then,  Fe3O4 NPs were separated and washed five times using 
a magnet. The particles were still moist, so they were kept in 
oven for 3 h at 80 °C to dry completely.

KC coating on the magnetite cores

As reported previously in coating  Fe3O4 NPs with basil 
seed mucilage (Rayegan, Allafchian et al. 2018), a simi-
lar method was adopted for applying a layer of KC on 
them. Initially, 200 mg dried  Fe3O4 was dispersed in 50 
mL distilled water using an ultrasonic homogenizer at 150 
W power for 10 min. After obtaining a 4 mg  mL−1 homo-
geneous product, 120 mg KC powder was added to the 
solution. Here again, the ultrasonic homogenizer was used 
for 10 min; however, with 200 W power, this time not only 
for dispersing but also for coating KC powder on  Fe3O4 
NPs, which is achieved by many collisions between them. 
In the next step, separation was performed by a strong 
magnet, and afterwards, the coated NPs were oven dried 
for 16 h at 30 °C. Finally, mortar and pestle were used to 
grind the materials and obtain a smooth powder for further 
experiments.

Immobilizing of AgNPs on the  Fe3O4@KC

AgNPs were simultaneously synthesized and stabilized on 
the KC base by applying a chemical reaction (Pandey, Do 
et al. 2020, Wan, Li et al. 2021). The KC-coated  Fe3O4 NPs 
(155 mg) were dispersed in 10 mL  AgNO3 solution (0.2 M) 
using 200 W sonication for 10 min. Then, 10 mL of hydra-
zine (0.4 M) was added to the homogeneous solution as a 
reducing agent, while stirring by a mechanical paddle (500 
rpm). This reaction, as shown in Eq. (2), took 30 min to be 
completed (Nickel, zu Castell et al. 2000).

Finally, the  Fe3O4@KC@Ag nanocomposites were 
obtained and separated using a magnet, then dried in an oven 
for 3 h at 40 °C.

(1)2Fe3+ + Fe2+ + 8OH−
→ Fe3O4 + 4H2O

(2)4Ag+ + N2H4 → 4Ag + N2 + 4H+



92614 Environmental Science and Pollution Research (2023) 30:92611–92620

1 3

Antibacterial tests

The antibacterial disk diffusion tests were carried out 
using four Gram-positive and Gram-negative strains of S. 
aureus (ATCC 29213), B. cereus (ATCC 14579), S. typh-
imurium (ATCC 14028), and E. coli (ATCC 35218). The 
bacterial suspension samples were prepared based on the 
0.5 McFarland protocol and cultured in agar media. The 
nanoparticle samples were dispersed in sterile DI water 
and the disks saturated by the samples were introduced 
into the agar plates and incubated in 5%  CO2 atmosphere 
overnight. The  AgNO3 disks were considered as posi-
tive control and the corresponding disks of  Fe3O4, KC, 
 Fe3O4@KC, and  Fe3O4@KC@Ag were tested. Finally, 
the plates were incubated at 37 °C for 24 h, and the diam-
eters of the inhibition zones were measured. The obtained 
antibacterial inhibition zones around each disk were 
measured and reported for each sample. This test was 
repeated three times.

Results and discussion

Characterization study

XRD analysis

The XRD patterns of  Fe3O4, KC,  Fe3O4@KC, and 
 Fe3O4@KC@Ag are shown in Fig. 2. As can be seen in 
the  Fe3O4 pattern, ten peaks around 30.2°, 35.4°, 37.7°, 
43.1°, 53.4°, 57.5°, 62.6°, 71.4°, 74.8°, and 75.3° are 
characterized corresponding to the (220), (311), (222), 

(400), (422), (511), (440), (620), (533), and (622) 
planes of the unit cell, respectively, matched with the 
standard JCPDS reference no. 65-3107. The average 
crystalline size of this inverse spinel structure,  Fe3O4, 
was estimated to be 42 nm using the Scherrer equation. 
The KC pattern illustrates no peak, and it was expected 
due to polymeric nature of KC. Existence of a clear 
bulge, in addition to a set of reduced-intensity peaks 
in the  Fe3O4@KC pattern, indicates a successful coat-
ing of KC over the magnetite. At last, in the  Fe3O4@
KC@Ag pattern, three added planes including (111), 
(200), and (311) at roughly 38°, 44°, and 77°, respec-
tively, are in good accordance with JCPDS reference 
no. 4–783 database and verify attachment of AgNPs 
onto the polymeric base. All results were consistent 
with previous studies (Chudasama, Vala et al. 2009, 
He, Ma et al. 2013)

Fig. 2  XRD patterns of a  Fe3O4, b KC, c  Fe3O4@KC, and d  Fe3O4@
KC@Ag

Fig. 3  a FT-IR spectrum of KC and b  Fe3O4,  Fe3O4@KC, and 
 Fe3O4@KC@Ag
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FT‑IR spectroscopy

The FT-IR tests were carried out in the range of 
4000–400  cm−1 at ambient temperature to explore the 
successful formation of coating and identify the func-
tional groups. The infrared (IR) spectra of KC (Fig. 3a) 
exhibit characteristic bands corresponding to differ-
ent functional groups. A broad band observed at 3400 
 cm−1 is assigned to the stretching vibrations of hydroxyl 
groups (–OH). Additionally, a sharp band at 1636  cm−1 
is indicative of >C=O stretching. The bands observed at 
1220  cm−1 and 846  cm−1 are attributed to the symmetric 
stretching vibration of O=S=O groups and the stretch-
ing vibration of –O–SO3 groups, respectively, which are 
associated with the substituted β–D–galactose residue. 
Another sharp and prominent band at 1023  cm−1 can 
be attributed to the glycosidic C–O–C vibration of the 
KC backbone. These spectral features provide valuable 
information about the presence and characteristic vibra-
tions of various functional groups in KC (Şen and Erboz 
2010). On the other hand, Fig. 3b shows the spectra of 
the prepared materials including  Fe3O4,  Fe3O4@KC, and 
 Fe3O4@KC@Ag. As all three specimens are based on 
the magnetite NPs, an obvious similarity is expected 
among them. In case of magnetite, an important absorp-
tion band around 577  cm−1 is related to Fe–O stretching 
vibrations. Compared with magnetite, changes can be 
seen in  Fe3O4@KC around 1631  cm−1 and in  Fe3O4@
KC@Ag around 3426  cm−1, which correspond to –COO 
asymmetrical stretching of carboxylic groups and O=H 
(hydroxyl) groups, respectively (Allafchian, Jalali et al. 
2017). This is considered as a proof of polymer coat-
ing on the magnetite NPs. Additionally, the broad peak 
observed in the FTIR spectra of  Fe3O4@KC and  Fe3O4@
KC@Ag, located at approximately 3400  cm−1, can be 
attributed to the presence of -OH groups in KC. Simi-
larly, the peaks observed around 1220  cm−1 and 846 
 cm−1 provide confirmation of the presence of KC in the 
samples.

FE‑SEM and TEM

FE-SEM and TEM were used to investigate the homo-
geneity and morphology of nanoparticles. FE-SEM 
images of magnetite,  Fe3O4@KC, and  Fe3O4@KC@Ag 
are shown in Fig. 4a–c. Evidently, all the particles are 
spherical and homogeneously distributed with the largest 
(126.22 ± 30.28 nm) and smallest (110.55 ± 26.28 nm) 
mean sizes belonging to  Fe3O4@KC@Ag and  Fe3O4@
KC, respectively. Part of the reason why the addition 
of KC may result in a smaller mean size compared to 
 Fe3O4 NPs could be attributed to the KC layer effectively 

preventing aggregation of  Fe3O4 particles. Morphol-
ogy and shape of nanoparticles are two key factors that 
directly affect their action and behavior in different media 
due to the influences on the physical, chemical, and mag-
netic properties of NPs (Mahmoudi, Sant et al. 2011, Alp 
and Aydogan 2016).

TEM image of the final nanocomposite allows dem-
onstrating an illustration of the morphological details for 
the present components of magnetite, KC, and AgNPs 
that are distinguished by arrows based on the particle size 
results. As shown in Fig. 5a, almost all the black  Fe3O4 
NPs are trapped in the KC shell, while the gray AgNPs 
are attached to them. This thin layer of kappa-carrageenan 
acts as a support for  Fe3O4 NPs and an anti-agglomer-
ation agent for AgNPs. Thus, the bio-polymer KC can 
potentially improve the antibacterial function of AgNPs 
by increasing its contact surface with the surrounding 
pathogens.

EDX

EDX analysis was performed for assaying the element 
distribution on  Fe3O4@KC@Ag nanocomposite. The 
analysis showed no sign of impurities in the spectrum 
as shown in Fig. 5b. A quantitative result from this test 
indicates that the nanocomposite includes 36.99% iron, 
32.26% oxygen, 17.38% carbon, and 13.37% silver. 
This spectrum also shows that other materials, used in 
the synthesis process, were completely removed, and 
peaks around 2, 10, and 11.5 keV are due to the pres-
ence of Au that was used as a coated layer to perform 
the EDX test.

DLS

The prepared materials were tested by DLS to obtain 
their hydrodynamic particle size data. In Fig. 5c, the 
obtained DLS curves of  Fe3O4,  Fe3O4@KC, and  Fe3O4@
KC@Ag are illustrated. The  Fe3O4 NPs had the polydis-
persity index (PDI) of 0.667 and a mean size of 445.8 
nm. The PDI value ranges from 0 to 1, with zero refer-
ring to a perfectly monodispersed sample. There was a 
discrepancy between  Fe3O4@KC and  Fe3O4@KC@Ag 
as expected, and the mean sizes were 197.6 and 147.5 
nm, respectively. Although it is expected that after each 
phase of the synthesis, the size of particles should be 
bigger. However, the data indicate opposite direction 
and are affected by a high agglomeration tendency of 
magnetite NPs. The more the layers are incorporated, 
the more dispersed the NPs are, and therefore, smaller 
particles are observed. Furthermore, PDI for magnetite 
coated KC and the final nanocomposite was 0.503 and 
0.251, respectively.
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Investigation of magnetic properties

The magnetic properties of the synthesized nanocom-
posite was assessed by VSM, and the results are depicted 
in Fig. 6 for  Fe3O4,  Fe3O4@KC, and  Fe3O4@KC@Ag. 
The magnetic parameters including coercivity (Hc), sat-
urated magnetization (Ms), and remnant magnetization 
(Mr) were determined and summarized in Table 1. It is 
observed that the attachment of non-magnetic materi-
als, KC, and AgNPs, to the magnetic  Fe3O4 leads to a 
decrease in the magnetic properties of the nanoparticles 
after each step of the fabrication process. However, it is 
noteworthy that the presence of KC on the magnetite is 

crucial for enhancing the antibacterial activity of AgNPs, 
and therefore, the reduction in magnetic properties 
should be considered as a trade-off. Despite the reduc-
tion, the final nanocomposite still exhibited a relatively 
high magnetic response, as shown in Fig. 6, indicating 
its potential for magnetic separation in wastewater and 
water treatment applications.

Evaluation of antibacterial activity

The bactericidal activity of  Fe3O4@KC@Ag,  Fe3O4@KC, 
 Fe3O4, KC, and  AgNO3 against four bacterial strains, includ-
ing two Gram-negative (E. coli and S. typhimurium) and two 

Fig. 4  FE-SEM images with particle size distributions of a  Fe3O4, b  Fe3O4@KC, and c  Fe3O4@KC@Ag
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Gram-positive (B. cereus and S. aureus), was evaluated by an 
agar diffusion test. The zones formed around the discs in this test 
called growth-inhibition zones, and the size of these zones reveals 
how well agents can combat infections. As seen in Fig. 7, the 

largest zones of inhibition were observed for the  Fe3O4@KC@
Ag sample for all four strains. Compared to AgNPs as a positive 
control, the  Fe3O4@KC@Ag nanocomposite demonstrated supe-
rior antibacterial activity. The diameter of inhibition zones created 
around the samples (disks) were measured, and the results have 
been shown in Table 2. It is likely that the AgNPs embedded in the 
KC matrix contributed to the majority of the antibacterial effect, 
while KC alone did not significantly contribute to the inhibitory 
effect of the system. The stabilization of AgNPs onto the KC 
support might have controlled the release of AgNPs, resulting 
in higher antibacterial activity. The bactericidal effect of AgNPs 
is mainly attributed to the generation of reactive oxygen species 
(ROS), which can disrupt many vital processes for the viability 
of cells. ROS can cause cellular death either directly by inducing 
oxidative damage to the macromolecules of cells or indirectly by 
interfering with mechanisms such as autophagy.

Fig. 5  a EDX spectrum and b elemental mapping of final nanocomposite (four main elements are illustrated with their subsequent fractions in 
the material). c Size distribution of  Fe3O4,  Fe3O4@KC, and  Fe3O4@KC@Ag obtained by DLS

Fig. 6  Magnetization curves of  Fe3O4,  Fe3O4@KC, and  Fe3O4@
KC@Ag obtained by VSM in addition to a picture of nanocomposite 
behavior in presence of a magnet

Table 1  Magnetic parameters of the synthesized materials

Material Ms (emu  g−1) Mr (emu  g−1) Hc (Oe)

Fe3O4 92.77 23.98 199.12
Fe3O4@KC 77.75 17.74 231.63
Fe3O4@KC@Ag 67.85 15.49 238.47
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Conclusions

Waterborne pathogens are a major public health concern 
worldwide due to their ability to cause a range of illnesses, 
from gastrointestinal ailments to serious systemic diseases. 
These microorganisms can contaminate drinking water 
sources, leading to infections in humans upon consumption 
or exposure. Therefore, it is necessary to develop efficient 
and cost-effective platforms for improving water treatment.

In this regard, here, the  Fe3O4@KC@Ag nanocom-
posite was synthesized through a three-step proce-
dure, and its successful coating of KC on the mag-
netite core and entrapping of AgNPs were confirmed 
through characterization studies. The polymeric base 
of the nanocomposite significantly upgraded the anti-
bacterial function of AgNPS, as revealed by the disk 
diffusion method. The final nanocomposite exhibited 
a distinguishably higher bactericidal activity due to a 
reduction in the agglomeration tendency of AgNPs and 
optimization of their release. Furthermore, magnetic 
assessments indicated that all the structures could be 
easily separated from the medium. Hence, the  Fe3O4@
KC@Ag nanocomposite is a suitable candidate for 
wastewater and water treatment processes. Overall, 
the  Fe3O4@KC@Ag nanocomposite has great poten-
tial as a water treatment material, and its development 
may lead to improved water quality and a reduction in 
waterborne illnesses. Future studies could explore its 
efficacy in removing other waterborne pathogens and 
assess its environmental impact.

Fig. 7  Antibacterial activity 
of (a)  Fe3O4@KC@Ag, (b) 
 Fe3O4@KC, (c)  Fe3O4, (d) KC, 
and (e)  AgNO3 demonstrated by 
inhibition zones

Table 2  Diameter of inhibition zones for synthesized materials and 
pure ones

Material Inhibition zone ± 0.1 (mm)

E. coli S. typhimurium B. cereus S. aureus

Fe3O4@KC@Ag 9.1 13.8 12.2 12.6
Fe3O4@KC 6.9 7.0 6.6 6.7
Fe3O4 6.4 6.4 6.4 6.4
KC 7.0 7.1 6.8 7.2
AgNO3 7.9 12.4 11.3 11.3
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