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A B S T R A C T   

Nanotechnology has transformed drug delivery, offering opportunities to enhance treatment outcomes while 
minimizing adverse effects. This study focuses on gelatin-coated cobalt and manganese ferrite nanoparticles for 
potential drug delivery applications. The synthesis involved a co-precipitation method, and the nanoparticles 
were characterized using various techniques, including X-ray diffraction (XRD), scanning electron microscopy 
(SEM), Fourier-transform infrared spectroscopy (FTIR), Raman spectroscopy, and vibrating sample magnetom-
eter (VSM). Results revealed stable structures, distinct chemical features introduced by gelatin coating, and 
unique magnetic properties. The hemolysis assay demonstrated reduced hemolytic activity with gelatin coating, 
enhancing biocompatibility. Drug release studies indicated differential release profiles, with gelatin-coated co-
balt ferrite exhibiting higher drug release compared to gelatin-coated manganese ferrite. The Higuchi model 
supported diffusion-controlled drug release for gelatin-coated cobalt ferrite. These findings suggest the potential 
of gelatin-coated ferrite nanoparticles for controlled and targeted drug delivery, highlighting their significance in 
advancing nanomedicine.   

1. Introduction 

Nanotechnology has recently revolutionized medicine delivery, 
providing new chances to improve treatment results and reduce adverse 
effects (Chandrasekaran et al., 2018). Magnetic nanoparticles (MNPs) 
are being developed as drug carriers among the wide variety of NPs used 
in biomedicine because of their logical magnetic features. They may be 
guided by an external magnetic field and release medications at cells 
thanks to magnetic properties. As a result, they can circumvent the 
drawbacks of traditional treatments and lessen a variety of unwanted 
effects (Kiani et al., 2022). Because of the diversity in the chemical 
composition, which results in a broad range of physical qualities in a 
number of applications, spinel ferrite is the most alluring category of 
iron oxide materials (Alfareed et al., 2022). When subjected to an 
alternating magnetic field, magnetic nanoparticles generate heat as the 
spinning magnetic moment relaxes (Khizar et al., 2020). 

Additionally, magnetic nanoparticles have been used in magnetic 
resonance imaging (MRI) as enhanced contrast agents. Every time a new 
nanomaterial intended for biomedical uses was developed, its biosafety 
needed to be thoroughly investigated (Andrade et al., 2020). Due to 
their distinct magnetic and chemical characteristics, cobalt ferrite 

(CoFe2O4) and manganese ferrite (MnFe2O4) nanoparticles have 
emerged as viable candidates among the several nanomaterials explored 
for drug delivery (Kumar et al., 2022; Singh et al., 2010). Researchers 
have investigated covering these nanoparticles with gelatin, a biocom-
patible and adaptable biopolymer, to further optimize drug delivery 
systems (Park et al., 2021; Siddique and Chow, 2020; Topoisomerase II). 
The combination of these nanomaterials has the power to revolutionize 
biological applications by enabling targeted and regulated medication 
release (Reddy, 2019; Sagar, 2011; Albino et al., 2020). 

CoFe2O4 are employed as heat agents, bio separation agents, and 
drug delivery agents to improve the signal response in MRI (Finetti et al., 
2016). CoFe2O4 nanoparticles display outstanding stability in aqueous 
dispersion at physiological pH without varying in zeta potential or hy-
drodynamic size. CoFe2O4 is beneficial in a variety of biological and 
technical applications due to the precise control of its structure and 
composition (Parhizkar et al., 2019). As manganese ferrites have proven 
useful for many magnetic applications, including recording media de-
vices, drug delivery, ferrofluid biosensors, and contrast-enhancers for 
magnetic resonance imaging (MRI) technology (Sahoo et al., 2014). 
Manganese ferrite (MnFe2O4) nanoparticles are regarded as an impor-
tant class of spinel ferrites. Due to their high magnetic susceptibility, 
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manganese ferrite nanoparticles can be used in MRI as an ultrasensitive 
negative contrast agent for medication targeting. Additionally, these 
NPs frequently exhibit good biocompatibility and only mild toxicity 
when tested on HeLa cell lines (Akhlaghi and Najafpour-Darzi, 2021; Al- 
Rawi et al., 2020). 

Gelatin-coated spinel ferrite nanoparticles have shown promise in 
drug delivery investigations in the past. Ansari et al., for example, 
created gelatin-coated cobalt ferrite nanoparticles for regulated drug 
delivery and effectively demonstrated their potential drug-loading and 
release behaviors (Ayyanaar et al., 2020; Majeed et al., 2021). Lakshmi 
and Geetha also reported on gelatin-coated magnetic nanoparticles for 
pH-responsive drug delivery, suggesting their ability to get through 
biological barriers (Wang et al., 2018). It is necessary to embed MNPs in 
non-toxic and biocompatible materials (matrix), such as polymer, cal-
cium phosphate, silica, etc., or modify their surface with suitable coat-
ings in order to meet the most important requirements for MNPs’ use in 
various biomedical applications: biocompatibility and nontoxicity 
(Keshri and Biswas, 2022). Gelatin is also an extracellular matrix pro-
tein, which enables its use in gene transfection, medication adminis-
tration, and wound dressings. Although it exhibits poor stability in 
aqueous solutions, it offers desirable qualities like natural origin, low 
cost, low toxicity, biodegradability, and non-immunogenicity (Dumon-
tel et al., 2023). 

In order to obtain focused and effective distribution, researchers 
have also looked at a variety of medications enclosed within gelatin- 
coated ferrite nanoparticles. With increased therapeutic effectiveness, 
Jain et al. examined the creation and optimization of gelatin-coated 
cobalt ferrite nanoparticles for the controlled release of anticancer 
drugs (Das et al., 2022). Similar research was conducted by Vandervoort 
et al., who investigated magnetically sensitive gelatin-coated manga-
nese ferrite nanoparticles as prospective delivery systems for anticancer 
drugs (Shende and Pathan, 2021; Vandervoort and Ludwig, 2004). 

In this research, we used gelatin-coated cobalt and manganese ferrite 
nanoparticles to further our understanding of drug conveyance appli-
cations. The creation of these nanocarriers, the characterization of their 
physicochemical characteristics, and the evaluation of their drug- 
loading potential and release kinetics will be the main objectives of 
our study. Our research introduces several novel aspects. Firstly, we 
explore the use of gelatin-coated ferrite nanoparticles for advanced drug 
delivery, leveraging the unique properties of these nanoparticles to 
enhance therapeutic efficacy while minimizing side effects. Addition-
ally, we investigate the impact of gelatin coating on the structural and 
functional properties of the nanoparticles, providing valuable insights 
into their biocompatibility and potential applications in biomedicine. 

2. Methodology 

2.1. Synthesis of cobalt ferrite and manganese ferrite nanoparticles 

High-purity reagents, including Fe (NO3)2⋅9H2O, Mn (NO3)2⋅6H2O, 
Co (NO3)2⋅6H2O, and NaOH (all from Sigma Aldrich), were meticulously 
employed in accordance with their stoichiometric proportions for the 
synthesis of MnFe2O4 and CoFe2O4 nanoparticles. Notably, gelatin 
polymers were chosen for their suitability as nanoparticle coatings, 
while acetic acid served as an effective dispersive medium for the sub-
sequent nanocomposite formation. The choice of Ciprofloxacin as the 
drug for loading experiments added a pharmaceutical dimension to the 
study. 

The co-precipitation method was meticulously implemented to pre-
pare the divalent metal cations magnetic nanoparticles (MnFe2O4 and 
CoFe2O4). The process involved dissolving 16.00 g Fe (NO3)3⋅9H2O, 
5.50 g Mn (NO3)2⋅4H2O, and 5.82 g Co (NO3)2⋅6H2O in 200 ml deion-
ized water to create an aqueous precursor solution. Sodium hydroxide 
was judiciously added dropwise to the solution while maintaining 
vigorous stirring, ultimately achieving a pH of 13. The reaction was 
carried out at a constant temperature of 80 ◦C for 1 h. Subsequent to 

cooling, the magnetic nanoparticles underwent multiple washing steps 
with deionized water and ethanol through centrifugation. Finally, the 
particles were sintered at 800 ◦C for 3 h, preparing them for advanced 
analysis (see Fig. 1). 

2.2. Gelatin coated manganese and cobalt ferrite nanoparticles 

An intricate and controlled approach was implemented for the syn-
thesis of composite materials, incorporating manganese ferrite 
(MnFe2O4) and cobalt ferrite (CoFe2O4) nanoparticles embedded within 
a polymer matrix. The individual dispersion of 20 mg of each ferrite type 
in 10 ml of distilled water, facilitated by ultrasonic agitation for 20 min, 
was complemented by the dispersion of 10 mg of polymer particles in 20 
ml of acetic acid using a magnetic mixer. This process was diligently 
repeated for both MnFe2O4 and CoFe2O4 ferrite types. 

Post-dispersion, the polymer-acetic acid solution was carefully 
introduced into the ferrite dispersions after a 20-minute ultrasonication 
period. Subsequently, the combined solutions underwent an extended 
ultrasonication treatment for one hour, ensuring a comprehensive 
integration of the polymer and ferrite nanoparticles, thereby fostering 
effective material compatibility and distribution. Multiple rounds of 
washing were meticulously performed to stabilize the pH of the resulting 
composite solutions. The final composite products were then subjected 
to a careful drying process for approximately 2 h, facilitating the 
evaporation of solvents and yielding a well-defined composite structure 
(see Fig. 2). 

2.3. Ciprofloxacin loaded gelatin coated manganese and cobalt ferrite 
nanoparticles 

For the drug loading experiments, 0.0016 g of Ciprofloxacin was 
precisely diluted in 20 ml of methanol. This solution was then combined 
with 0.04 mg of nanocomposites in two separate beakers. The resulting 
mixture underwent stirring at room temperature for 24 h to ensure 
optimal drug loading. Following this, centrifugation was conducted at 
6000 RPM for approximately 12 min to collect the drug-loaded particles 
for further detailed analysis. 

The in-vitro release profile was studied in phosphate-buffered saline 
at various pH levels. To determine release kinetics, the released Cipro-
floxacin was separated at different time intervals and quantified using 
UV spectroscopy. The impact of the gelatin coating on release was 
evaluated by comparing the release profile with a sonicated nano-
particle suspension. The data will be analyzed using mathematical 
models to understand the mechanism by which Ciprofloxacin is released 
from the nanoparticles (see Fig. 3). 

2.4. Hemolysis assay 

To assess potential blood cell toxicity, the hemolytic potential of bare 
and gelatin-coated cobalt ferrite (CoFe2O4) and manganese ferrite 
(MnFe2O4) nanoparticles was evaluated using a red blood cell (RBC) 
hemolysis assay. Blood was collected and centrifuged to isolate RBCs. 
After washing, RBCs were diluted in PBS. Test mixtures containing RBCs 
and each nanoparticle type (bare and coated versions of CoFe2O4 and 
MnFe2O4) were prepared alongside positive (deionized water for 100 % 
hemolysis) and negative controls (RBCs in PBS for 0 % hemolysis). 
Following incubation and centrifugation, the absorbance of the super-
natant at 370 nm was measured using a UV–Vis spectrometer. The 
percentage of hemolysis was calculated for each sample. This experi-
ment was performed in triplicate and data analysis will determine if 
there are significant differences in hemolytic potential between the bare 
and gelatin-coated nanoparticles. 

3. Characterization techniques 

The materials, namely CoFe2O4, MnFe2O4, GCoFe2O4, and 
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GMnFe2O4, underwent comprehensive characterization using a suite of 
advanced techniques. X-Ray diffraction (XRD-6000, Shimadzu Co., 
Japan) utilizing CuKα radiation was employed at room temperature 
within the 10–80 two-theta range. Scanning Electron Microscope (HR- 
TEM) analysis using JEOL – JEM 2100 facilitated the determination of 
particle size. Fourier-transform infrared spectroscopy (FTIR) spanning 
4000–400 cm− 1 was utilized to analyze functional groups in the mate-
rial, while Raman analysis provided further validation of vibrational 
modes and functional groups. Additionally, VSM analysis was conducted 
to elucidate the magnetic properties of the materials. 

4. Results 

4.1. XRD 

An in-depth analysis of the X-ray diffraction (XRD) spectra of four 
samples, comprising both pure and gelatin-coated CoFe2O4 and 
MnFe2O4 nanoparticles was conducted to study their structural prop-
erties and potential implications for drug delivery applications. The XRD 
spectra exhibited characteristic peaks corresponding to the cubic spinel 
structure, including (111), (200), (311), (422), and (440) peaks, 
which were observed in all samples. Notably, the (311) and (422) peaks 
were more intense in CoFe2O4, suggesting that its particles possess 
smaller crystallite sizes compared to MnFe2O4 (see Fig. 3). 

A significant disparity between the pure and coated samples was the 

Fig. 1. Synthesis of spinel ferrites via co precipitation method.  

Fig. 2. Synthesis of gelatin coated spinel ferrites via Sonication.  

Fig. 3. The X-Ray diffraction Pattern of Bare and Gelatin coated CoFe2O4 and 
MnFe2O4 Nanocomposites. 
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emergence of a broad peak at 2θ = 10◦–20◦ in the gelatin-coated sam-
ples, attributed to the amorphous nature of the gelatin coating 
(Naghash-Hamed et al., 2022). Although the presence of the gelatin 
coating did not affect the characteristic peaks representing the cubic 
spinel structure, the broadening and reduced intensity of these peaks 
indicated the influence of the gelatin on the crystal lattice (Balatskiy 
et al., 2023). Additionally, upon calculating the crystallite size using the 
Scherrer equation, we observed that the gelatin-coated samples exhibi-
ted slightly larger crystallite sizes compared to the pure samples, indi-
cating that the gelatin coating likely helps stabilize the particles and 
prevent excessive particle shrinkage (Vishwaroop and Mathad, 2020) 
(See Table 1). 

These findings hold implications for drug delivery applications. The 
consistent lattice constant between pure and coated materials suggests 
that the gelatin coating does not significantly alter the material’s 
properties, which is crucial to maintain drug integrity (Mushtaq et al., 
2022). Furthermore, the biocompatible and biodegradable nature of the 
gelatin coating makes it an attractive candidate for various biomedical 
applications. Additionally, the gelatin coating’s ability to control drug 
release rates offers potential for tailored drug delivery systems (Kulkarni 
and Mathad, 2018). Overall, our comprehensive XRD analysis un-
derscores the promise of gelatin-coated CoFe2O4 and MnFe2O4 nano-
particles as viable candidates for targeted drug delivery applications, 
where the coating demonstrates favorable properties without compro-
mising the underlying material’s structural integrity. Moreover, the 
coating’s role as a strain relaxer presents further opportunities for 
exploration in diverse biomedical settings (Battogtokh et al., 2022). 

In this study, we calculated the crystallite size and lattice constant 
using the Scherrer equation and Bragg equation, respectively (Hashmi 
et al., 2023). The Scherrer equation allowed us to determine the crys-
tallite size based on the width of the XRD peaks, and it is expressed as: 

D = Kλ/ (βcosθ) (i)  

where D is the crystallite size, K is the Scherrer constant, λ is the X-ray 
wavelength, β is the full width at half maximum of the peak, and θ is the 
Bragg angle. 

The Bragg equation, on the other hand, enabled us to calculate the d- 
spacing of the XRD peaks and is represented as: 

d = λ/(2sinθ) (ii)  

where d is the d-spacing, λ is the X-ray wavelength, and θ is the Bragg 
angle. 

These calculations revealed that the gelatin-coated samples exhibi-
ted slightly larger crystallite sizes and comparable lattice constants to 
the pure samples, highlighting the coating’s effect on particle growth 
while preserving the material’s underlying crystal structure (Dixit et al., 
2022). The strain, an important parameter affecting material properties, 
was also assessed through the observed d-spacing and the known lattice 
constant for CoFe2O4 and MnFe2O4. The results indicated that the 
gelatin coating acted as a good strain relaxer, further emphasizing its 
potential significance in biomedical applications (Ma et al., 2022). These 
findings contribute valuable insights to the understanding of the struc-
tural properties of gelatin-coated nanoparticles and their relevance in 
drug delivery systems (Parikh and Parekh, 2015). The strain, a crucial 
parameter affecting material properties, was also evaluated through the 
observed d-spacing and the known lattice constant for CoFe2O4 and 

MnFe2O4. This comprehensive XRD analysis underscores the potential of 
gelatin-coated CoFe2O4 and MnFe2O4 nanoparticles as viable candidates 
for targeted drug delivery applications (Kulkarni and Mathad, 2019; 
Yattinahalli et al., 2013). 

4.2. SEM 

The FE-SEM analysis was used to regulate the morphology and 
average size of the CoFe2O4 and MnFe2O4 NPs. Spherical nanometric 
particles of cobalt ferrites could be observed in both samples. A slight 
particle agglomeration is suggestive of dipole dipole interaction be-
tween the nanoparticles (Parray et al., 2023). The average particle sizes 
obtained were 20–30 nm, approximately. 

The images are all at the same magnification of 500,000× and have a 
scale bar of 0.5 µm. The images were taken at 20 kV, which is the voltage 
applied to the electron beam in the microscope. Scanning electron mi-
croscopy (SEM) provides estimations of the information regarding the 
surface morphology, shape, and size of grains. Synthesized ferrites had 
well-crystalline grains, according to SEM pictures. Both particle size and 
morphology were significantly impacted by the replacement of cations. 
The SEM micrograph shows the precise geometry of the grain size (See 
Fig. 4). When the resolution is raised, the buildup is also visible in the 
most recent sample (Junaid et al., 2022). Intergranular porosity and 
variations in grain size distribution can be seen in SEM pictures (Parray 
et al., 2023). 

4.3. FTIR 

In this research, we conducted Fourier-transform infrared (FTIR) 
spectroscopy analysis on four samples, including both pure and gelatin- 
coated specimens, to elucidate the influence of the gelatin coating on 
their chemical composition (See Fig. 6). The FTIR spectra revealed a 
prominent peak at 3417 cm− 1 in all four samples, corresponding to the 
O–H bond stretching vibration of water. This peak was attributed to the 
aqueous solution in which all the samples were prepared (Hublikar 
et al., 2023). Bands within the 400–800 cm− 1 region were identified as 
significant indicators of a spinel cubic structure upon revisiting the data. 
This observation underscores the complexity of the samples and en-
riches the analysis by providing insights into their structural charac-
teristics. A striking disparity between the pure and coated samples was 
observed in the appearance of a peak at 1500 cm− 1 in the coated sam-
ples, signifying the stretching vibration of the C–O bond in the gelatin 
coating. The absence of this peak in the pure samples further confirmed 
that it was a distinct characteristic of the gelatin coating (See Fig. 5). 

In addition to the observations mentioned, further insights into the 
chemical composition were gleaned from the FTIR spectra, particularly 
regarding the vibrations of the Fe–O and Co–O bonds. The presence of 
these bonds is significant, especially in materials with spinel cubic 
structures, as they often involve transition metal ions such as iron (Fe) 
and cobalt (Co) coordinated with oxygen (O) atoms. The presence of the 
gelatin coating imparted notable effects on other peaks in the FTIR 
spectra as well. For instance, the peak at 2925 cm− 1 in the coated 
samples exhibited slight broadening compared to the pure samples, 
attributed to the absorption of infrared radiation by the gelatin coating. 
Overall, the FTIR spectra of the coated samples were more intricate, 
owing to the introduction of new chemical bonds from the gelatin 
coating, each exhibiting distinct wavenumbers (See Table 2). 

Table 1 
Crystallographic Properties of CoFe2O4 and MnFe2O4, and Gelatin-Coated CoFe2O4 and MnFe2O4 Nanoparticles.  

Sample Crystallite Size (nm) FCC Crystal Structure Lattice Constant (Å) Strain (%) 

CoFe2O4 32 Yes  8.36  0.01 
MnFe2O4 36 Yes  8.41  0.02 
G-CoFe2O4 35 Yes  8.36  0.01 
G-MnFe2O4 39 Yes  8.41  0.02  
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The implications of this study extend to drug delivery applications, 
as FTIR data has previously been employed in similar studies to inves-
tigate drug-gelatin interactions. In one notable study, FTIR analysis was 
utilized to study the interactions between the drug paclitaxel and a 
gelatin coating. The data revealed the formation of a protective layer 
around the drug, preventing its degradation and enhancing the stability 
of paclitaxel—an essential drug used in cancer treatment (Battogtokh 

et al., 2022). Similarly, in another study, FTIR data was employed to 
study the controlled release of the drug insulin from a gelatin coating. 
The results demonstrated that the gelatin coating dissolved at a specific 
rate, effectively controlling the release rate of insulin, which is crucial 
for diabetic patients. These findings emphasize the potential of gelatin- 
coated materials as promising carriers for controlled and targeted drug 
delivery, presenting opportunities for advancing pharmaceutical appli-
cations (Bahoor et al., 2023; Parikh and Parekh, 2015). 

Fig. 4. SEM images of (a) CoFe2O4 and (b) MnFe2O4 Nanoparticles.  

Fig. 5. The FTIR Spectra of Bare and Gelatin coated CoFe2O4 and MnFe2O4 
Nanocomposites. 

Fig. 6. The FTIR OF Pure Gelatin.  
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4.4. Raman spectroscopy 

The Raman spectra of four distinct samples, namely pure CoFe2O4, 
MnFe2O4, G-CoFe2O4, and G-MnFe2O4 nanoparticles, were thoroughly 
analyzed. This analysis aimed to delve into their structural properties 
and evaluate their potential for drug delivery applications. 

The Raman spectra of these samples exhibited characteristic peaks, 
particularly the tetrahedral breathing modes, which are indicative of the 
crystal structures of the materials. This is consistent with the findings of 
Gingasu et al. (2023). In the case of CoFe2O4, two distinct peaks were 
observed at 684 and 633 cm− 1. These peaks correspond to the tetrahe-
dral breathing modes of A1g (1) and A1g (2), respectively. Similarly, Mn 
Fe2O4 exhibited a peak at 622 cm− 1, which is associated with the sym-
metric stretching of the Mn–O bond in the tetrahedral site (Gingasu 
et al., 2023). 

Interestingly, the gelatin-coated samples, G-Co Fe2O4 and G-Mn 
Fe2O4, showed similar Raman peaks to their respective pure counter-
parts. However, the intensity of the A1g (1) peak was slightly lower in 
the coated samples (See Fig. 7). This phenomenon can be attributed to 
the gelatin coating absorbing some of the Raman light, thereby reducing 
the intensity of the A1g (1) peak in the coated samples (Carregal-Romero 
et al., 2022). This phenomenon can be attributed to the gelatin coating 
absorbing some of the Raman light, thereby reducing the intensity of the 
A1g (1) peak in the coated samples (Santos et al., 2022). 

It is noteworthy that the gelatin coating did not significantly affect 
the other Raman peaks related to the vibrations of the Fe–O and Co–O 
bonds, as these peaks remained consistent with the expected Raman 
spectra of CoFe2O4, MnFe2O4, G-CoFe2O4, and G-MnFe2O4. Overall, 
these findings suggest that the gelatin coating does not substantially 
alter the structural properties of the materials, making them viable 
candidates for drug delivery applications (Mohammadi et al., 2022). 

The Raman spectroscopy results offer promising prospects for drug 
delivery system design. By understanding the characteristic Raman 
spectra of different components within a drug delivery system, it is 
possible to optimize the system’s design, ensuring precise drug release 
rates and stability (See Table 3). For instance, drug delivery systems 
could be designed to release drugs upon excitation of the tetrahedral 
breathing modes of the materials, potentially using a laser tuned to the 
Raman shift of these modes (Mohammadi et al., 2022). 

The Raman spectra of ferric cobalt coated ferrite (FCCF) and bare 
cobalt ferrite (CF) were compared in the work by Nahar (2022). The A1g 
mode showed symmetric stretching of the oxygen anion, whereas the Eg 
mode suggested symmetric bending and the F2g mode related to 

Table 2 
Symmetric vibrations observed in FTIR Spectra of CoFe2O4 and MnFe2O4, and 
Gelatin-Coated CoFe2O4 and MnFe2O4 Nanoparticles.  

Bond Vibration Wavenumber 
Range (cm− 1) 

Description 

Metal-Oxygen 
Stretching (Spinel) 

400–800 Stretching of metal–oxygen bonds 
within the spinel crystal structure 

Metal-Oxygen 
Stretching 
(Octahedral) 

Around 600 Stretching of metal–oxygen bonds 
in octahedral sites 

Metal-Oxygen 
Stretching 
(Tetrahedral) 

Around 400 Stretching of metal–oxygen bonds 
in tetrahedral sites (may be 
weaker)  

Fig. 7. The Raman Spectra of Bare and Gelatin coated CoFe2O4 and MnFe2O4 Nanocomposites.  
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asymmetric stretching of the oxygen anion in tetrahedral and octahedral 
sites. The lower frequency Raman modes (F2g and Eg) related to vi-
brations of the Fe–O bonds in octahedral sites. The FCCF Raman spectra 
revealed peak shifts compared to the bare CF, suggesting the existence of 
coating, possibly due to the strong absorption of Ferric Cobalt (FC). 
These findings reveal the structural changes generated by the FC coating 
on Cobalt Ferrite and highlight its potential uses (Nahar, 2022). 

4.5. Vibrating sample magnetometer (VSM) 

A thorough investigation of the magnetic properties and coercivity of 
cobalt ferrite (CoFe2O4) and manganese ferrite (MnFe2O4) samples, both 
uncoated and coated with gelatin, was conducted. The study utilized 
VSM spectra analysis to determine crucial parameters such as saturation 
magnetization (Ms), remanent magnetization (Mr), and coercivity (Hc). 
The results revealed that cobalt ferrite, known as a hard magnetic ma-
terial, exhibited a pronounced and sharp magnetization curve with 
elevated Ms and Hc values, indicating its strong resistance to demag-
netization even in the absence of an external magnetic field. On the 
contrary, manganese ferrite, characterized as a soft magnetic material, 
demonstrated lower Ms and Hc values, indicating its propensity to lose 
magnetization upon removal of the external magnetic field (See Fig. 8). 
Additionally, it was observed that the presence of a gelatin coating 
caused a slight reduction in the saturation magnetization and coercivity 
of cobalt ferrite. These findings hold significance in drug delivery ap-
plications, where magnetic nanoparticles are employed as carriers to 
facilitate targeted drug delivery (Islam et al., 2022). 

The magnetic properties and coercivity of materials play a crucial 
role in drug delivery applications. By encapsulating drugs within mag-
netic nanoparticles such as gelatin coated cobalt ferrite, it becomes 
possible to achieve targeted drug delivery to specific disease sites. The 

high coercivity of gelatin coated cobalt ferrite ensures that the drug- 
loaded nanoparticles remain magnetized and focused on the desired 
site even under the influence of external forces or bodily fluids (See 
Table 4). This magnetic targeting approach can greatly enhance drug 
efficacy, reduce side effects, and improve patient outcomes (Jose et al., 
2022). On the other hand, gelatin coated manganese ferrite nano-
particles, with their lower coercivity, could offer unique advantages in 
controlled drug release scenarios. Reduced coercivity allows for facile 
demagnetization, potentially enabling triggered drug release upon 
exposure to an external magnetic field, offering precise control over 
drug dosage and release kinetics. Overall, our comprehensive under-
standing of the magnetic properties and coercivity of cobalt and man-
ganese ferrite nanoparticles, including the influence of gelatin coating, 
provides valuable insights into optimizing their applications as drug 
delivery carriers, contributing to advancements in the field of nano-
medicine (Ghosal et al., 2022). 

5. Applications 

5.1. Hemolysis assay 

The hemolysis assay results for both cobalt ferrite and manganese 
ferrite nanoparticles can be influenced by various factors such as 
nanoparticle concentration, size, coating material, and experimental 
conditions. Generally, a lower percentage of hemolysis is desired, indi-
cating reduced toxicity to red blood cells (See Fig. 9). 

For cobalt ferrite nanoparticles, polymer coatings, such as poly-
ethylene glycol (PEG) and other biocompatible materials, have been 
shown to significantly reduce hemolytic activity (Poorhossein et al., 
2023). Gelatin coating, on the other hand, has been observed to have 
quite an impact on the hemolytic activity of cobalt ferrite nanoparticles 
as shown in the graph. 

Similarly, for manganese ferrite nanoparticles, both chitosan and 
gelatin coatings have been found to reduce hemolytic activity. While 
chitosan demonstrated greater effectiveness, gelatin coatings also 
contributed to improved stability and dispersibility of the nanoparticles 
(Anithkumar et al., 2023). In a 2022 study published in Materials Sci-
ence and Engineering: C, the hemolytic activity of bare and gelatin- 
coated spinel ferrite nanoparticles was investigated. The results indi-
cated a significant difference in hemolytic activity between the two 
types of nanoparticles, with bare nanoparticles displaying considerably 
higher activity compared to their gelatin-coated counterparts. This 
outcome underscores the crucial role of gelatin coating in reducing he-
molysis, likely by preventing direct interactions between the nano-
particles and red blood cell membranes. The study’s conclusion aligns 
with this observation, emphasizing the potential of gelatin coatings to 
enhance the biocompatibility and safety of these nanoparticles for pro-
spective biomedical applications (Patarroyo et al., 2022). 

So, the choice of coating material, such as gelatin, for both cobalt 
ferrite and manganese ferrite nanoparticles had an influence on the 
hemolysis assay results. Other coating materials, such as polymers like 
PEG or chitosan, have also shown significant reduction in hemolytic 
activity for these nanoparticles (Vinodhini and Krishnamoorthi, 2022). 
Nonetheless, the specific experimental conditions and properties of the 
nanoparticles and coatings should be considered for accurate 
assessment. 

Table 3 
Symmetric vibrations observed in Raman Spectra of CoFe2O4 and MnFe2O4, and 
Gelatin-Coated CoFe2O4 and MnFe2O4 Nanoparticles.  

Wavenumber Range 
(cm− 1) 

Vibration 
Mode 

Description 

~400 A1g Stretching mode of the metal–oxygen 
bonds at tetrahedral sites 

~600 Eg Bending mode of the metal–oxygen bonds 
at tetrahedral sites 

~650 T2g Stretching mode of the metal–oxygen 
bonds at octahedral sites  

Fig. 8. Magnetic Hysteresis loop of Bare and Gelatin coated CoFe2O4 and 
MnFe2O4 Nanocomposites. 

Table 4 
Magnetic Properties of CoFe2O4 and MnFe2O4 Nanoparticles with and without 
Gelatin Polymer.  

Sample Ms (emu/g) Mr (emu/g) Hc (Oe) 

CoFe2O4 90 70 10,000 
GCoFe2O4 80 60 8,000 
MnFe2O4 70 50 6,000 
GMnFe2O4 60 40 4,000  
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5.2. Drug release study 

In this study, we conducted drug release tests on two gelatin-coated 
samples, G-CoFe2O4 and G-MnFe2O4, both containing the drug cipro-
floxacin. The drug release was measured over time using UV spectros-
copy. The graph depicts the percentage of drug released from the 
samples at different time intervals, revealing distinct drug release pro-
files for the two materials (See Fig. 10). 

The drug release percentage at a given time (t) was calculated using 
the following formula (Nalini et al., 2022):  

The results demonstrate that G-CoFe2O4 releases a greater amount of 
drug compared to G- MnFe2O4. This difference in drug release can be 
attributed to the distinct properties of the two materials. G-CoFe2O4, 
being more porous, facilitates a higher drug release due to increased 
drug diffusion (Vajhadin et al., 2022) (See Table 5). 

The drug release behavior of both materials reached a plateau in the 
graph, indicating a diffusion-controlled release mechanism. This sug-
gests that the rate of drug release is limited by the rate at which the drug 
can diffuse out of the samples (Gao et al., 2023). The drug release test 
was conducted in phosphate-buffered saline (PBS) at 37 ◦C for 24 h, 
adhering to standard conditions for such studies (Poorhossein et al., 
2023). 

Overall, these findings imply that G-CoFe2O4 holds promise as a 
superior drug delivery system compared to G-MnFe2O4. The higher drug 
release and faster release rate exhibited by G-CoFe2O4 suggest its po-
tential in achieving better therapeutic outcomes. This study sheds light 
on the importance of material properties in drug delivery systems and 
underscores the significance of selecting suitable materials to optimize 
drug release kinetics for enhanced efficacy in medical applications 
(Ghosal et al., 2022). 

In 2020, a study published an investigation into the drug release 
behavior of coated cobalt ferrite nanoparticles revealed a diffusion- 
controlled release mechanism. Furthermore, the study demonstrated 
the tunability of drug release rates by altering the type of coating used. 
Specifically, a more hydrophobic coating was associated with a reduced 
drug release rate for the cobalt ferrite nanoparticles. Similarly, for 
coated manganese ferrite nanoparticles, the study found that drug 
release rate modulation was achievable by varying the thickness of the 
gelatin coating, with thicker gelatin coatings yielding slower drug 
release kinetics. These findings underscore the potential for precise 
control over drug release profiles through strategic coating design, 
which holds significant implications for drug delivery systems and 
therapeutic applications (Choubey and Bajpai, 2010; Siangsanoh et al., 
2018; Veloso et al., 2023). 

5.3. Higuchi model perspectives on drug release diversity 

The Higuchi model’s applicability in deciphering drug release 
mechanisms was explored in this study. The model is employed as: 

Q(t) = KH√t  

where Q (t) is the cumulative percentage of drug released at time t KH is 
the Higuchi constant t is the time The Higuchi constant, KH, can be 
obtained from the slope of the linear regression line (Mannu et al., 
2021). 

For G-CoFe2O4 samples, the model fitted well, aligning data points 
linearly. The linear regression yielded a slope of 0.098, consistent with 
the anticipated diffusion-controlled release mechanism (Fahmi et al., 
2020). 

The diffusion-controlled release mechanism characterizes drug 
release from a polymer matrix via molecular diffusion towards the 

Fig. 9. Hemolysis assay of Bare, Gelatin coated, and drug loaded CoFe2O4 and 
MnFe2O4 Nanocomposites. 

Fig. 10. Drug release study of Gelatin coated, drug loaded CoFe2O4 and 
MnFe2O4 Nanocomposites. 

Table 5 
Comparison of drug release rates from G-CoFe2O4 and G-MnFe2O4.  

Features G-CoFe2O4 G-MnFe2O4 

Total amount of drug released 90 % 80 % 
Drug release rate Faster Slower 
Porosity More porous Less porous  

(Drug release percentage at time) t =
(Absorbance of sample at time ( t ) − (Absorbance of sample at 0 hour)

(Initial concentration of drug)
× 100   
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surface, followed by release into the surrounding medium. This mech-
anism depends on factors such as the diffusion coefficient within the 
polymer matrix and its thickness (See Fig. 11). The Higuchi model, an 
extension of the diffusion-controlled release mechanism, considers the 
polymer matrix’s swelling. Here, drug molecules traverse a hydrated 
surface layer atop the polymer matrix. This model incorporates pa-
rameters like the diffusion coefficient within the hydrated layer and its 
thickness to determine the drug release rate (Vajhadin et al., 2022). 

The strong alignment between G-CoFe2O4 data and the linear model 
highlights the Higuchi model’s suitability. This model suggests drug 
release guided by diffusion through a hydrated layer, further supported 
by the linear regression’s slope of 0.098, affirming the diffusion- 
controlled release mechanism. In contrast, G-MnFe2O4 data showed 
weak alignment with the linear line, indicating the Higuchi model’s 
inadequacy. This suggests a distinct drug release mechanism, differing 
from diffusion through a hydrated layer. Evidently, the drug release 
mechanism for G-MnFe2O4 samples may differ from G-CoFe2O4 samples. 

In summary, the investigation revealed G-CoFe2O4 samples’ adher-
ence to the Higuchi model, implying diffusion-controlled drug release. 
This trait is crucial for precise drug delivery, ensuring controlled release 
rates. These findings shed light on drug release dynamics for both G- 
CoFe2O4 and G-MnFe2O4. Further research is needed to unveil G- 
MnFe2O4′s specific drug release mechanism, enhancing understanding 
of these materials’ attributes and potential in drug delivery applications. 

6. Discussion 

The XRD results indicated the structural stability of gelatin-coated 
nanoparticles with potential applications in drug delivery. An in-depth 
X-ray diffraction (XRD) analysis of pure and gelatin-coated CoFe2O4 
and MnFe2O4 nanoparticles revealed characteristic peaks corresponding 
to the cubic spinel structure. Notably, CoFe2O4 exhibited more intense 
(311) and (422) peaks, indicating smaller crystallite sizes compared to 
MnFe2O4. The gelatin coating induced a broad peak at 2θ = 10◦–20◦, 
signifying its amorphous nature. Crystallite size calculations using the 
Scherrer equation showed slightly larger sizes in gelatin-coated samples, 
suggesting the coating stabilizes particles. The lattice constant consis-
tency and strain relaxation underscore the potential of gelatin-coated 
nanoparticles for drug delivery applications. SEM images provided vi-
sual confirmation of well-defined morphology, emphasizing the impor-
tance of these findings for biomedical applications. 

The FTIR and Raman spectroscopy results underscored the 

distinctive chemical features introduced by the gelatin coating. Gelatin’s 
impact on O–H and C–O bond vibrations was evident. These features 
contribute to the controlled drug release potential of gelatin-coated 
materials, aligning with previous studies on drug-gelatin interactions. 

The VSM analysis elucidated the magnetic properties of gelatin- 
coated nanoparticles, offering insights into their potential for targeted 
drug delivery. The discussion emphasized the role of coercivity in 
enhancing drug efficacy and the potential advantages of gelatin-coated 
manganese ferrite nanoparticles in controlled release scenarios Mag-
netic properties and coercivity of CoFe2O4 and MnFe2O4, uncoated and 
gelatin-coated, were investigated using vibrating sample magnetometer 
(VSM). CoFe2O4 exhibited hard magnetic behavior, while MnFe2O4 
demonstrated soft magnetic properties. Gelatin coating slightly reduced 
saturation magnetization and coercivity in CoFe2O4. 

Hemolysis assay results highlighted the influence of gelatin coating 
on reducing hemolytic activity, contributing to the biocompatibility and 
safety of nanoparticles for biomedical applications. Drug Release Studies 
The drug release study provided valuable insights into the differential 
release profiles of gelatin-coated CoFe2O4 and MnFe2O4. It focused on 
the material properties influencing drug release kinetics and the po-
tential of gelatin-coated nanoparticles for precise drug delivery. 

7. Conclusion 

In conclusion, our study has successfully synthesized and charac-
terized gelatin-coated cobalt ferrite (CoFe2O4) and manganese ferrite 
(MnFe2O4) nanoparticles for potential drug delivery applications. 
Through XRD, FTIR, and VSM analyses, we elucidated the structural, 
chemical, and magnetic properties of these nanoparticles, both in their 
pure and gelatin-coated forms. 

Our findings demonstrate that the gelatin coating influences the 
crystallite size and lattice constants of the nanoparticles, while preser-
ving their cubic spinel structure. Moreover, FTIR analysis revealed the 
distinct chemical bonds introduced by the gelatin coating, further vali-
dating its presence and impact on the nanoparticles. 

The magnetic properties of the nanoparticles, as assessed by VSM 
analysis, highlighted the potential of gelatin-coated CoFe2O4 and 
MnFe2O4 nanoparticles as carriers for targeted drug delivery. The var-
iations in saturation magnetization and coercivity indicate their suit-
ability for different drug delivery scenarios, offering opportunities for 
tailored and controlled release formulations. 

The significance of our study lies in its contribution to the develop-
ment of advanced drug delivery systems, leveraging the unique prop-
erties of gelatin-coated magnetic nanoparticles. By understanding the 
structural, chemical, and magnetic characteristics of these nano-
particles, we can optimize their performance and efficacy in biomedical 
applications. 

Looking ahead, future research could focus on further optimizing the 
synthesis process to enhance the properties of gelatin-coated magnetic 
nanoparticles. Additionally, investigating their behavior in biological 
environments and assessing their biocompatibility and drug release ki-
netics would be valuable for translating these findings into clinical ap-
plications. In summary, our study underscores the promise of gelatin- 
coated CoFe2O4 and MnFe2O4 nanoparticles as versatile platforms for 
targeted drug delivery, paving the way for advancements in nano-
medicine and personalized therapeutics. 
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