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Abstract  

Resistance to antimicrobials is one of our most significant worldwide challenges. In Africa, 

around 31% of the infections of urinary tract (UTIs) initiated by Escherichia coli (E. coli) have 

been observed to develop ciprofloxacin (CIP) resistance. As a result, significant efforts have 

been made to investigate novel and improved antibiotics. Nanoparticles (NPs) have been shown 

to have significant efficacy in medication delivery against multidrug-resistant (MDR) strains of 

the bacteria. Green synthesized metal oxide NPs using plant extract is eco-friendly, 

biocompatible, less toxic, cost-effective and rapid method to control such emergent. This study 

aimed at synthesizing iron oxide nanoparticles (IONPs) using banana peels (Musa Spp.) extract 

for delivery of CIP against resistant E. coli. The preparation of IONPs was done by green 

synthesis method. The extract of banana peels was employed as an agent of reduction and 

stabilization for the precursor ions of iron used in the manufacture of IONPs. Fourier-transform 

infrared (FTIR) spectroscopy, Dynamic light scattering (DLS), X-ray diffraction (XRD), 

ultraviolet-visible spectrophotometer (UV-vis), scanning electron microscopy (SEM), and 

differential thermal gravimetry (DTG) were used to characterize the manufactured and 

medication-loaded IONPs. DLS, UV-vis, and FTIR were once utilized to assess load capacity 

and encapsulating capability of IONPs. CIP-IONPs were evaluated for its efficient release of the 

loaded drug in three different simulation media using UV-vis spectrophotometer and for its in 

vitro antimicrobial susceptibility. The formation of hematite (α-Fe2O3) was confirmed with its 

FTIR characteristic peak for it at 461cm-1, 542cm-1 and 1131cm-1. The size of synthesized IONPs 

were found to be 10.4nm ± 1.98, 48nm ± 0.9 and 67.3nm ± 0.9 under XRD, SEM and DLS 

measurements respectively. CIP-IONPs had almost the maximum drug loading capacity (33.3% 

± 0.67) with fast and slow drug release pattern at gastric and intestinal or blood pH respectively. 

The antimicrobial susceptibility study also showed a significant resistance reversal effect for 

ciprofloxacin resistant E. coli. Green synthesized IONPs were produced efficiently using a 

banana peels extract. It had a recommended characteristics and application. And it will be a good 

alternative in alleviating the emergent CIP resistant E. coli. 

Key words: Antimicrobial resistance, Green synthesis, Iron oxide nanoparticles, Ciprofloxacin, 

Banana peels extract, E. coli. 
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1. Introduction  

1.1. Background  

1.1.1. Antimicrobial resistance  

Antimicrobials have long been a cornerstone of human health, having been extensively utilized 

to treat infections of respiratory tract, bacterial infestation of the urinary tract, gastrointestinal 

infections, and nervous system infections (Vassallo et al., 2020). Nevertheless, the rise of 

multidrug-resistant pathogens (MDR) different strains of the bacteria have severely 

compromised their effectiveness (Singh et al., 2014). AMR happens due to microorganisms 

including viruses, bacteria, parasites, and fungi get the ability to adjust themselves to raise and 

grow in the existence of medicines that once impacted them (Ibrahim et al., 2023).  

Microbes that cause AMR Infection sets the stage for catastrophic diseases and prolonged 

hospitalizations, which raise healthcare costs, expose patients to second-line medications, and 

result in treatment failures (Shrestha et al., 2018). As an illustration, in Europe, AMR is expected 

to cost in excess of nine billion euros each year (Founou et al., 2017). Furthermore, in 

accordance with the CDC stands for the Centers for Disease Control and Prevention, AMR raises 

direct healthcare expenses by a total of twenty billion dollars in the USA alone  (US Department 

of Health and Human Services, 2019). As a result, It's also one of among the most important 

worldwide challenges, and significant attempts have been made to discover innovative and 

sophisticated antibiotics (Vassallo et al., 2020).. 

1.1.1.1. Urinary tract infections (UTIs) 

UTIs are among the most prevalent antibiotic-resistant infections globally, mostly caused by 

Gram-negative bacteria such as E. coli, and Proteus species. However, Gram-positive bacteria, 

Staphylococcus saprophyticus, and Enterococcus species, are part of the typical predictable 

spectrum of bacteria that cause UTIs (Sultana and Toaha, 2021).  

It is the common health problem difficult to treat with antibiotics due to antibiotics resistance 

both in the community and in the hospital settings. According to Ahmed et al., antibiotic 

resistance was detected in 92% of the urine specimens that tested positive for UTI (Ahmed et al., 

2019).  
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It is one the widespread and the most frequent illnesses, especially among women (Chakupurakal 

et al., 2010). Approximately 50-60% of all women have UTI for a minimum of at some point 

during their lives (Medina and Castillo-Pino, 2019).   

A systematic review reported that E. coli was the most predominant uropathogen caused 

approximately 68-77% of recurrent UTIs (Belete and Saravanan, 2020), and the other study also 

revealed that it was the most predominant uropathogen of UTIs about 75%–95% (Vol et al., 

2022). Most studies agreed on the fact that more than half of the UTIs are initiated by E. coli 

(Ahmed et al., 2019). Rossignol et al. discovered that E. coli was the most prevalent pathogen in 

393 urine samples with bacteriuria (82.8%), succeeding by Proteus mirabilis (4.3%) (Rossignol 

et al., 2017). 

1.1.1.2. Ciprofloxacin 

Ciprofloxacin [1-cyclopropyl-6-fluoro-1,4-dihydro-4-oxo-7-piperazinylquinolone-3-carboxylic 

acid] (CIP) ( Figure1) is a frequently prescribed broad spectrum fluoroquinolone used to combat 

a wide range of bacterial illnesses in the digestive system, urinary tract, lung, joints, bones, skin, 

and teeth (Herizchi et al., 2016). It is a widely used antibiotic for UTI and is known to work by 

preventing the type 2 bacterial DNA topoisomerases, DNA gyrase, and topoisomerase IV, due to 

the production of oxidative radicals that cause the death of bacterial cells and are now the most 

vital areas in contribution of quinolone resistance (Masadeh et al., 2015). 

 

Figure 1: Chemical structure of CIP HCl 

(Source: https://pubchem.ncbi.nlm.nih.gov/compound/Ciprofloxacin-Hydrochloride) 
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There has been a pronounced deal of investigation on the manners behind CIP resistance in E. 

coli over the past 30 years. E. coli resistance to CIP is caused through changes in the 

topoisomerase IV genes and DNA gyrase (Azargun et al., 2019). Furthermore, drug deposits may 

be reduced via efflux pumps whereas enzymes and peptides, respectively, may cause drug 

change or inhibit drug targets (Hooper and Jacoby, 2015).  

Among the various bacteria that acquire resistance to CIP, the emergence of E. coli resistant to 

CIP is one of the commonest incidents worldwide, with the highest CIP resistance in Asia (43%), 

succeeded by Africa (31%), and America (28.4%) (Zhou and Lv, 2020). Another study found 

that a five-fold (3-17.1%) increase  in CIP opposition was detected between 2000 to 2010 

compared to  other antibiotics studied (Fasugba et al., 2015). Other studies have recently shown 

the emergence of bacterial resistance to CIP, accounting for about 36.4%, and also noted that 

most strains of E. coli in particular showed resistance to CIP (Vol et al., 2022). A study done by 

Reis et al., found that E. coli has the highest CIP resistance rate  among  bacteria that cause 

UTIs, with 36 % was found (Reis et al., 2016). 

 To treat infections caused by such strains, new antibiotics with novel modes of action are 

urgently needed. Though, all-embracing and difficult monitoring approvals have shifted the 

focus to improving the effectiveness of existing knockout medicines (Livermore, 2011) due to 

costly and lengthy processes of  searching and developing of a new entities of antibiotics 

effective for resistant bacteria. Hence, nanotechnology is the first and recent focus areas that 

scientists are focusing on to combat such emerging resistant bacteria by improving the 

effectiveness of existing knockout drugs (Wu et al., 2022). Advances in nanotechnology are 

providing exciting ways to aid biofilm penetration, enhance drug entry into bacteria, and provide 

novel materials that synergize with unique functional properties (Pinto et al., 2019). A number of 

NPs have been mentioned to have significant anti-MDR bacterial strains action (Patrascu et al., 

2015) including resistant E. coli (Caamano and Carrillo, 2016).  

1.1.2. Nanotechnology  

Nanotechnology encapsulates a progressive track for mechanical development that stresses over 

the administration of material at the nanometer scale (Malik et al., 2023). Nanotechnology 

unambiguously denotes any knowledge of the nanoscale that has several real-world applications 

(Biswas et al., 2023). According to fact, "nanotechnology" refers to the expansion and use of 
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materials at length with a range of scales (1-150nm) from single submicron-sized molecules or 

atoms and moreover the integration of the resulting nanomaterials into larger systems (Kumar et 

al., 2023).  

The study of nanotechnology has advanced and has the possibility to transform many different 

ideas, including those in the realm of science. These systems have distinctive physical, electrical, 

and optical characteristics that make them intriguing in a range of fields, from biology to 

materials research  (Wang, 2023). Nanotechnology is regarded as a recent and rapidly expanding 

breakthrough in the pharmaceutical and medical fields. As a targeted medicine conveyance 

method using a material with a magnetic response, particularly metallic and metallic oxide 

variations, nanotechnology is one of the most significant fields in nano carrier technology 

(Karpagavinayagam and Vedhi, 2019).  

Pharmaceutical industry encompassing nanotechnology opens up different opportunities for 

creating unique preparations using a variety of NP types, taking into account their various sizes 

and shapes as well as their varied antibacterial capabilities. Since they can operate as medication 

delivery systems or as standalone direct targets of bacteria, these NPs may offer a promising 

resolution (Fatima et al., 2021).   

1.1.2.1. Nanoparticles (NPs) 

NPs are defined by the European Commission as solid particles, which comprise materials in 

which a minimum of half of the particles are equivalent to or less than 100 nm (Linsinger et al., 

2012). They frequently exhibit novel and unique electrical, optics, attracting, natural, and 

chemical characteristics as well (Yu et al., 2021). Furthermore, NPs can be made of a number of 

materials, including composite polymers, semiconductors, metals, and even lipids and proteins, 

and they can have many shapes, such as spheres, rods, or tubes. There is a lot of interest in using 

NPs to develop new materials with unusual and innovative properties because of their various 

properties (Navya et al., 2019). 

Due to the occurrence of particular and manageable features that differ from those observed on 

the macroscopic dimensions materials, NPs with 1 to 100 nm size range are able to perform a 

variety of unique applications. With regard to increased efficacy and fewer adverse medication 

reactions, NPs as drug delivery methods provide a number of benefits (Bayda et al., 2020). In the 
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realm of directed nutrients, minerals, chemicals, or medicine carriage systems, it is worth more 

credit (Ali et al., 2016).  

In order to upsurge the efficacy of NPs against harmful MDR bacterial strains, new techniques 

like surface modification of NPs are being investigated (Satar et al., 2016). The two key 

modifications in NPs' features that allow them for using in such novel applications are due to the 

impacts of the surface, or the reduced size effect; for example, when particle size is lowered, a 

greater percentage of atoms are located at the surface, and modification of quantum confinement 

in the electronic structure  initiated (Kulkarni et al., 2020).  

1.1.2.2. Synthesis of NPs 

The top-down or dispersion strategy and the bottom-up or condensation approach are the two 

main methods used to synthesize NPs. In the bottom-up method, the NPs are built up as a result 

of the interaction of molecule by molecule or atom by atom, as opposed to the top-down 

approach, where the NPs are generated via size reduction (Sreekanth et al., 2018) and can be 

produced using a diversity of methods, including green, chemical, and physical synthesis 

methods (Balamurugan et al., 2014, Dowlath et al., 2021).  

Reduction/oxidation is the primary reaction that takes place during the bio fabrication of NPs, 

which is a type of bottom-up methodology (Maity et al., 2023). The reduction of salts into their 

particular NPs is often carried out by microbial enzymes or plant phytochemicals with anti-

oxidant or reducing capabilities. In general, the biosynthesis approach is a low-cost option, 

biocompatible, and pharmaceutically compatible route that employs green chemicals (Aboyewa 

et al., 2021).  

Reduction, growth, and termination are the three key phases of the green processing of NPs. 

Metal ions are oxidized/reduced by phytochemicals in the extract during the reduction phase. 

This stage is brought on by the metallic ions' electrostatic power of attraction to the 

phytochemicals. The termination phase, which involves the reduction of any leftover metal ions, 

follows the development stage, during which metal atoms are severed from their metal 

precursors and gather to form NPs (Selvaraj et al., 2022). 
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1.1.2.3. Iron oxide nanoparticles (IONPs)   

The most prevalent elements on Earth and the fourth-most prevalent metal in the crust is iron 

(Pushcharovsky, 2019). One of the important microelements in living systems is iron. It performs 

a number of crucial tasks, including being a cofactor for a number of enzymes (such as catalase) 

and transport proteins (such as hemoglobin), as well as electron transport chain (ETC) proteins 

and being essential for repair of the DNA (Kronstad and Caza, 2013). In the laboratory, iron 

oxides are easily manufactured and are a common substance that is found throughout nature (Li 

et al., 2023).  

Because of their biological suitability, chemical stability, and attractive behavior, magnetic 

nanoparticles (MNPs), one type of NP, have been the subject of considerable research in the 

biomedical arena. IONPs are a form of MNP that is readily available, adaptable, biocompatible, 

and biodegradable (Niculescu et al., 2022), and used as a good drug delivery strategy for 

resistant microorganisms in the industry of the  pharmaceuticals (Mahdavi et al., 2013). 

IONPs come in the variability of polymorphs and there are various sorts of them. The most 

popular ones are magnetite (Fe3O4), maghemite (ɤ-Fe2O3), and hematite (α-Fe2O3) (Khalil et al., 

2017). Hematite, one of them, has a hexagonal centered, geometrically rhombohedral with a 

densely packed oxygen lattice (Zboril et al., 2002) making it a more chemically and 

thermodynamically stable candidate. Heat treatment, however, enhances crystallinity, changes 

the color, and encourages particle growth (Shen et al., 2014). In the occurrence of oxygen and a 

certain heat, the thermodynamically unstable magnetite and maghemite oxidize to form hematite. 

The generation of Fe3O4 at roughly 400°C and Fe2O3 at 800°C from the produced IONPs sample 

required calcination, as validated by (Justus et al., 2019).  Additionally, according to Archana et 

al., the synthetic IONPs that were calcined at 700°C showed hematite peaks with high 

crystallinity (Archana et al., 2021). 

IONPs have a relative advantage in terms of its toxicity, and amenability to human physiology 

after its duration of action in the body because our body uses it in different physiological 

hemostasis like in hemoglobin after the end of its activity in the body (Iv et al., 2015) A further 

study revealed that ferritin and transferrin played a part in the bio distribution of degradation 

products and also the in vivo biodegradation of IONPs  (Arami et al., 2015, Feng et al., 2018).  
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Normal levels of hemoglobin protein, myoglobin, transferrin, and ferritin are found in the human 

body at 65%, 4%, 0.1%, and 15%–30%, respectively. It is thought that IONPs degrade at a 

molecular level in a manner similar to ferritins (Edge et al., 2016). Aside from this, the sectors of 

water treatment and cosmetics are also widely known for using α-Fe2O3 NPs. Because it is stable 

and inert, less toxic, and biocompatible, α-Fe2O3 is an excellent material for drug conveyance, 

imaging, directing treatment, cell conjugates, and as a benchmark for assessing metallic oxides 

characteristics from other metals (Ali et al., 2018).  

1.1.2.4. Antibacterial application of IONPs 

An imperative global public health concern now is the clinical management of pathogenic 

infections. The only available therapeutic option nowadays is an antibiotic, regardless of the fact 

that a misuse of antibiotics has headed to drug opposition in many cases and an increase in 

accident rates during anti-infection therapies (Manjusha et al., 2023). Because of the 

development of various biological and pharmaceutical delivery applications, scientists from all 

over the world have grown interested in nanotechnology (Edis et al., 2021).  

Because of their remarkable lesser size and super paramagnetic activity, powerful noninvasive 

NPs known as super paramagnetic IONPs are widely used in nanomedicine uses like targeted 

delivery of antibiotics, and moreover magnetic resonance imaging hyperthermia (Bakhtiary et 

al., 2016).  

Targeted medication delivery is one of the biomedical applications for which IONPs have been 

studied (Senapati et al., 2018), and killing with antibacterial effect (Teow et al., 2018). IONPs' 

benefits, including their low cost of production, excellent physiochemical characteristics and 

stability, biocompatibility, and biodegradability, make them ideal for both cancer therapy and 

other medical applications (Mühlberger et al., 2019). 

Green synthetic IONPs with various surface functionalization are a promising area in the 

advance of novel antibiotics with a newer mechanism of action by loading the medication that is 

having trouble combating the drug-resistant bacterium (Arakha et al., 2015). Due to mimicking 

the easy passage of the loaded antibiotics into the bacterial cell due to its nano size carrier 

system, IONPs loaded with resisted antibiotics as a nanometric carrier (Arakha et al., 2015) is a 

promising and emerging technology to reverse the bacterial resistance of the antibiotics (Arias et 
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al., 2018). The IONPs' synergistic effect is not all that they have to offer (Dreaden et al., 2012, 

Pugazhendhi et al., 2018).  

Vihodceva et al. observed that uncoated NPs which have positively charge inhibite the 

development of E. coli within 30 minutes of exposure at 100 mg/L concentration; the inhibitory 

properties of NPs were obvious at 10 mg/L, and the 24 h minimum concentration having 

bactericidal effect was 100 mg/L. As a result, the influence of NPs grew with time (Vihodceva et 

al., 2021). IONPs were reported to have inhibited E. coli in other studies as well. The IONPs did 

not demonstrate any significant changes in the dose of 12.5 mg/mL based on antibacterial 

characteristics, however with substantial increase in dosage there was increased in the inhibition 

(Rafi et al., 2015). Another research found that iron NPs had a good ZOI in mm (20.45 ± 1.66) 

on  E. coli (Tyagi et al., 2021). Baniasadi et al. likewise came to the conclusion that IONPs had 

an extensive variety of effects at extremely low concentrations against bacteria that had a 

substantial amount of antibiotic resistance (Baniasadi et al., 2020). 

1.1.2.5. CIP loaded NPs as bacterial resistant reversal  

New tactics and defensive mechanisms against MDR pathogenic organisms have been proposed, 

such as the use of nanostructures with antibacterial activity or nanocarriers that can modify 

antibiotic transport and administration (Terreni et al., 2021). The rigorous use of nanomaterials 

has provided a viable strategy for improving the present approach to treating microbial illness in 

order to prevent antibiotic resistance (Hochvaldová et al., 2022). Bacterial Biofilms are one type 

of the primary sources of biocide conflict. Metallic NPs, such as zinc oxide, iron oxide, and 

silver NPs, have been used successfully to treat infections caused by biofilms as a result of their 

antibacterial qualities (Mubeen et al., 2021). 

In order to deliver bioactive compounds, metal-based NPs are utilized. These NPs are well-

known to having nonspecific methods of noxiousness toward bacteria it makes it more difficult 

for bacteria to strengthen resistance while NPs widening the antibacterial spectrum of the 

medicine. Combination treatment with resistant antibiotics and metal-based NPs might be one 

approach to combating existing bacterial drug resistance (Aruna et al., 2023).  

There is various metal oxide and metal NPs with CIP loaded into them that have more bacterial 

inhibitory activity than both CIP and the bare nanoparticles (Maleki Dizaj et al., 2017, Mohsen et 
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al., 2020, Nawaz et al., 2021b). A meaningful increase in solubility, pharmacokinetics, 

bioavailability, and strong antibacterial activity were observed after CIP capping with metallic 

NPs such as silver and gold NPs in optimal conditions (Nisar et al., 2016). CIP-AuNPs are gold 

nanoparticles, and they are among the majority of recently reported nano carriers for CIP (Tom 

et al., 2004), CIP-loaded nano composites (Topal et al., 2018), poly Lactic-Co-Glycolic Acid 

(PLGA)–chitosan-based CIP (Arafa et al., 2020), CIP containing polymer-based nano fibers 

(scaffolds) (Albuquerque et al., 2015), and CIP-loaded carbon nanotubes, single-walled (Assali 

et al., 2017) have promising worth and new possibilities in regards to handling such resistant 

microbes which are the ongoing consuming issue because of their hardships in treating them with 

at present accessible medications (Maleki Dizaj et al., 2017).  

Already, a number of goods use metal oxide nanoparticles (NPs) as an antibacterial ingredient. 

The ability to pinpoint precise places is improved by metal oxides having magnetic drug delivery 

capabilities, such as iron oxide, which also lowers the concentration of non-target drugs (Stanicki 

et al., 2022). According to Kooti et al., CIP-loaded cobalt ferrite (CoFe2O4) which target the 

bacteria using magnetic field, caused the inhibition zone multiply by two and also releasing 

drugs in a regulated manner (Kooti et al., 2018). According to research done by Sirivisoot and 

Harrison, PCL-CIP-maghemite and PCL-CIP-hematite both more effectively subdued bacterial 

proliferation in the presence of a attractive field after 2 to 5 days of culture (Sirivisoot and 

Harrison, 2015). Additionally, there are many steel and metallic oxide NPs loaded with CIP that 

have greater bacterial inhibitory activity than CIP and the bare NPs (Maleki Dizaj et al., 2017, 

Mohsen et al., 2020, Nawaz et al., 2021b)  

1.1.3. Banana plant (Musa spp.)   

The Musaceae family, which includes the three genera Musa, Musella, and Ensete, includes the 

herbaceous banana plant (Fu et al., 2022). The primary species that produces edible bananas are 

Musa spp. (Sardos et al., 2016). Banana plants are farmed principally because of their fruit and, 

to a lesser extent, for use in the production of natural fibers and wine (Amini et al., 2019). 

Typically elliptical in shape, bananas’ fruits come with creamy "pre-packed", solid flesh encased 

in a dense peal that is a rich source of flavonoids, polyphenols, and tannins (Al-Mqbali and 

Hossain, 2019). 
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The banana, a fruit of tropical, is grownup in over 130 countries. Bananas (Musa spp.) are the 

most important staple and commercial crop, with an annual production worldwide of 113.9 

million tons (Tong et al., 2023). It ranks fourth in terms of food crop significance, behind rice, 

wheat, and corn, and is the world's second most produced fruit. It accounting for about 16 

percepts of all fruits produced globally. It is more easily digested than numerous other fruit 

varieties and is quite nutritious (Kuyu and Tola, 2018). Africa, Latin America, the Caribbean, 

Asia, and the Pacific are merely a few examples of the many nations where it is grown, with the 

majority of them being in the warm, humid, and rainy tropical regions of the planet. Over 70 

million Africans depend on bananas for 25% of their calorie intake (Boris et al., 2023). In the 

tropical nations like Ethiopia, where there is a lot of fertile land, banana farming is feasible 

(Dagnew et al., 2021).  

According to CSA 2014, in Ethiopia, bananas are the main fruit that is most frequently grownup 

and utilized, accounting for around 59.64% (53,956.13 hectares) in terms of the entire fruit space 

and approximately 68% (478,251.04 tons) of the entire fruit produced. In contrast, according to 

the CSA (2014), around 68.72% (37,076.83 hectares) of the land is planted with bananas. It is 

grown in a variety of locations where the growth environment is favorable. It is of immense 

socioeconomic importance, particularly in the south and southwest of the country, and 

considerably contributes to the general wellbeing of rural areas, including security of the food, 

income generation, and job development (Debebe and Dagne, 2018).   

Due to the chemicals found in the fruit peel of bananas, which are employed in the process of NP 

synthesis, as a stabilizing and reducing component, bananas are a possible source for green 

synthesis of NPs. The plant is more appropriate for this unique use since it can be grown most 

easily both locally and globally, and there is a strong likelihood that its waste products will be 

used (Ibrahim et al., 2017).  

1.1.3.1. Banana peels extract 

The primary source of banana waste is the peels, which make about 40% of the weight of the 

fruit of bananas. Approximately trash totaled 114.08 million tons in weight, from banana 

production are created globally, which causes issues with the environment such excessive 

greenhouse gas emissions (Alzate et al., 2021). Nearly 60% of the biomass from bananas is 

thrown away after harvest. Regarding the accessibility and affordability of the excipients utilized 
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in the NP synthesis, recycling the bio-waste has advantages. Additionally, it aids in the 

mitigation of environmental pollution brought on by the emission of gases during their various 

mechanisms of deterioration (Padam et al., 2014). 

Peels from fruits have been discovered to include a range of useful second-generation 

metabolites, such as polysaccharides, different phenolic compound, flavonoids, and other 

substances. Because these components may be sources of prospective prebiotics and antioxidants 

that are advantageous to both human health and food, and pharmaceutical sectors, the recovery 

of these highly valuable chemicals could be commercially appealing (Chamorro et al., 2022). As 

a result of containing phenolic 18.21 to 35.06 mg Gallic acid/g and flavonoid 196.1 ± 6.7 mg/g 

of peel extract, banana peel extract, which contains such important chemicals, is one of the 

stabilizing and reducing agents in the creation of IONPs (Anal et al., 2014).  

In addition to being one of the primary ingredients in the IONP green fabrication as a stabilizing 

and reducing agent, banana peel extract also has antibacterial action against E. coli as a 

synergistic effect for the formulation. According to a research on the evaluation of the 

antibacterial properties of banana peel extract, E. coli growth was inhibited with an inhibitory 

zone that varied from 9.2 to 13.37 mm at a dose of 20% and from 10.03 to 13.97 mm with a 50% 

of the extract contents (Rita et al., 2020). Additionally, there was a strong link between the 

flavonoid and phenolic content alongside its antimicrobial action (Rita et al., 2020, Susanah et 

al., 2018). 

Hence, this research aims to synthesize and evaluate IONPs synthesized making use of banana 

peel essence as an agent that reduces and becomes stable for CIP delivery against resistant E. 

coli. 

1.2. Statements of the problem  

Currently in the world, one of the major concerns and rapidly growing problem is antimicrobial 

drug resistance. It leads the world in to unexpected whelms unless other ways a novel method is 

developed to stop or reduce such trebling situation. As a result, nowadays, the world gives a 

great emphasis on searching for a novel strategy to overcome the burden of antibacterial drug 

resistance using the available drug by modifying their delivery through nanotechnology 

(Malhotra et al., 2020).  
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The majority of IONPs are produced through physical and chemical processes (Ali et al., 2016). 

However, these approaches are expensive, lengthy, and unsafe for any biomedical use (Ali et al., 

2016). Physical procedures are less efficient, expensive, expose workers to radiation, and need 

high temperatures for synthesizing IONPs, as opposed to chemical approaches that utilize 

hazardous precursors. They typically create NPs with poorer features than green synthesis 

methods, offer a significant environmental risk, consume a lot of energy, pose a risk to one's 

health, and not biocompatible (Dowlath et al., 2021). 

The earth is now warming faster than at any other moment in recorded history. Weather 

conditions are changing as a consequence of warming temperatures, which is also hurtful for the 

natural life. Greenhouse gas emissions are a major contributor to global warming.   There is a 

significant amount of banana fruit waste product that contributes to environmental degradation 

and global warming due to large emissions of methane (CH4), nitrous oxide (N2O), and carbon 

dioxide (CO2). These emissions cause catastrophic climatic changes, such as floods, droughts, 

and heat waves. These provide several threats to both people and all other kinds of Earth's life. 

The enormous amount of banana peel trash produced daily by the fruit and juice industries points 

to a potential bio-resource that might play a significant influence in reducing environmental 

impact owing to greenhouse gas emissions (Alzate et al., 2021, Sial et al., 2019). 

Numerous studies revealed that IONPs have good at in vivo and in vitro performance of 

biocompatibility and are relatively safe (Hanini et al., 2011, Yiu et al., 2012), which, in terms of 

quality, set IONPs apart from other metallic NPs, such as those with significant cytotoxicity like 

zinc oxide, silver, and gold (Gong et al., 2017).  

1.3. Significance of the study 

The significance of this research is in examining of one of the promising and newly developed 

methods for reducing drug resistance in bacteria by using nano sized carriers that make it easier 

for the drug to enter the bacteria and IONPs' antimicrobial activity as a synergistic method 

against CIP resistant E. coli. 

Both the antibacterial action and biological suitability IONPs makes an interesting contender for 

the position of a new-generation antimicrobial researcher. IONP is the most preferred 

nanomaterial in the field of medical sciences because of their low toxicity and unpaid 
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physiochemical qualities such as super paramagnetic, aqueous solutions stability, 

biocompatibility, and the iron metabolism pathways efficiently remove it from the human body. 

Focusing on banana peel waste which is richest in reducing and stabilizing secondary 

metabolites conceding with its pronounced antibacterial activity will have multiple significance 

regarding availability, cost-effectiveness, pollution reduction, and development of effective 

IONPs.  

The green synthesis of IONPs using banana peels extracts offers a good alternative with the 

desired characteristics, eco-friendly, biocompatible, economical, rapid and less toxic than the 

other methods of synthesis for CIP delivery against CIP-resistant E. coli, which has a great 

significance on reducing the currently emerging antimicrobial resistant bacteria. 

This study can also be used as a baseline data for further investigation and development of the 

formulation. 

2. Research questions 

 How much is the yield of IONPs synthesized using banana peels extract? 

 What is the encapsulating and CIP loading efficacy of IONPs synthesized using banana 

peels extract? 

 What is the CIP release pattern of CIP-IONPs at different simulation fluid? 

 What is the effect of CIP-IONPs on CIP resistant E. coli? 
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3. Objectives of the study 

3.1. General objective 

 To synthesize IONPs using Banana (Musa spp) peals extract for delivery of CIP against 

resistant E. coli. 

3.2. Specific objectives 

 To synthesize IONPs using Banana (Musa spp) peals extract as a stabilizing and reducing 

agent, 

 To optimize operational factors for IONPs synthesis, 

 To investigate the drug loading and drug encapsulation efficiency of IONPs, 

 To characterize the physicochemical properties of IONPs and CIP-IONPs, 

 To determine the in vitro drug release profiles of CIP-IONPs and 

 To evaluate the in vitro effect of CIP-IONPs against CIP resistant E. coli as compared 

with CIP and IONPs. 
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4. Methods and Materials 

4.1. Materials collection 

CIP HCl (Batch No: A2023-090, Mfg. date: 13/03/2023, Exp. date: 12/03/2027, 99.9%, China) 

was kindly donated by Humanwell Pharmaceutical Industry Ethiopia. Clinical isolates of CIP-

resistant E. coli were acquired from the microbial stock of the Medical Laboratory Department 

of the College of Medicine and Health Sciences, Debre Berhan University. Banana peels (Musa 

spp.) were gathered from several juice houses in Debre Berhan Town, North Shewa Zone, 

Amhara Region. Other materials and chemicals that were used in the study include acetic acid 

(99.7% GJ chemical), ethanol (70 %, Dallul Pharmaceuticals PLC), chloroform AR (Reagent 

Chemical Services Ltd., UK), sulfuric acid (98%, Loba Chemie Pvt. Ltd., India), ammonium 

hydroxide (99% Xingtai Weijiate Biotechnology Co., LTD), hydrochloric acid (35.4%, Loba 

Chemie Pvt. Ltd.,India), potassium iodide (99-100.5%, Loba Chemie Pvt. Ltd., India), ferric 

chloride (99%, Loba Chemie Pvt. Ltd., India), iodine (Reagent Chemical Services Ltd., UK), 

gelatin powder (Blulux Laboratories Ltd., India), sodium hydroxide (99.8% Norbright, China), 

potassium chloride (99% BDH Limited Poole, England), potassium dihydrogen orthophosphate 

(99%, TITAN BIOTECH LTD., India), distilled water, Whatman No.1 filter paper, dialysis Sack 

(a flat width of 35 mm on average, and 12 kDa molecular weight cutoff, SIGMA-ALDRICH, 

USA), Müller-Hinton agar (Sisco Research Laboratories Pvt. Ltd.) and other common laboratory 

equipment and supplies for this work were used.  

4.2. Preparation of banana (Musa Spp.) peel extract 

The peels of bananas were cleaned with distilled water three times to remove external dirt and 

stored at ambient temperature for a period of time till dry. Then, I chopped it into a small piece 

with a stainless-steel knife and finely chopped it with an electronic blender. (Vitamix, model: 

59326) then crushed to a fine powder with a mortar and pestle. In a conical flask with the mouth 

covered with aluminum foil, the powder sample was soaked in 70% ethanol in a ratio of 1:3, 

peels powder to solvent. The macerate was kept at room temperature for three days (Chaudhry et 

al., 2022). The extract was filtered twice through Whatman filter paper No. 1 to exclude 

insoluble components. The resulting filtrate was stored in aluminum foil sealed container at 4°C. 
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4.3. Phytochemical analysis of banana peel extract 

Banana fruits cover extract samples were tested for the presence of several common secondary 

metabolites using methods reported elsewhere. 

4.3.1. Flavonoids 

Two magnesium ribbons and three drops of concentrated hydrochloric acid were combined with 

2 ml of banana peel extract within a test tube (Roghini and Vijayalakshmi, 2018). 

4.3.2. Tannin 

2 ml of 1% gelatin solution containing sodium chloride added to 5 ml of banana peel extract., 

(Roghini and Vijayalakshmi, 2018). 

4.3.3. Saponins 

Two milliliters of water were blended with 5 milliliters of extract from banana peels. (Sonam et 

al., 2017) 

4.3.4. Anthraquinons 

Two milliliters of banana peel extract was added to two milliliters of ammonium hydroxide 

solution (Shaikh and Patil, 2020). 

4.3.5. Terpenoids  

Two milliliters of banana peel extract were combined with two milliliters of chloroform and 

three milliliters of sulfuric acid (Nasrabadi et al., 2013). 

4.3.6. Phenols 

2 milliliters of the extract of banana peel was mixed with 3 drops of 0.1% ferric chloride solution 

(Sonam et al., 2017) 

4.3.7. Glycosides 

A couple of milliliters of ferric chloride solution were mixed with 4 ml of banana peels extracts. 

They were then immersed in water boiled for around 5 minutes. The mixture cooled down and 

benzene was added. It was then divided into two test tubes and cured with ammonia (Kumar et 

al., 2011). 
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4.3.8. Steroids 

Two milliliters of banana peel extract were mixed with two milliliters of chloroform and acetic 

acid two milliliters, and finally, one milliliter sulfuric acid concentrated was mixed to the 

mixture (Sumathy et al., 2011). 

4.3.9. Alkaloids 

2 milliliters of banana peel extract treated with 4 drops of Wagner's reagent (Shaikh and Patil, 

2020). 

4.4. Synthesis of IONPs using banana peels extract 

For the fabrication of the α-Fe2O3 NPs, ferric chloride hexahydrate (FeCl3.6H2O) was employed 

as a precursor. Banana peel extract and 0.5M concentration of FeC13.6H2O solution were 

combined in a ratio of 1:2 at normal temperatures in the room. After that, 1M NaOH was added 

until the pH reached 12. The resultant mixture was stirred at 1000 rpm with a magnetic stirrer for 

1 hour, and the color gradually changed to brown. The brown-colored colloidal suspension was 

centrifuged using a centrifuge (Beckman Coulter Allegra 64R, USA) at 10,000 rpm for 20 

minutes, rinsed three times with ethanol, followed by distilled water, then dried in an oven 

(Quincy Lab, 20GC) at 800c overnight. Finally, the formed IONPs were calcined at 7000c for 2 

hours using a furnace (Lss Ethiopia, EDS-MTLE-11467) that gives a red colored hematite NPs 

and kept in an airtight container for next use and characterizations  (Bibi et al., 2019). 

4.5. Optimization of physicochemical parameters for IONPs Synthesis 

IONPs' distinct qualities, such as magnetic activity and antibacterial activity, depend on their 

shape and size (Chen et al., 2018, Huang et al., 2015), This has driven many studies to create 

size-controlled syntheses of IONPs (Xie et al., 2018). In previous studies, that fabrication factors 

for example, precursor concentration and extract-to-precursor ratio (Dehsari et al., 2017), pH 

(Andrade et al., 2010), reaction time (Kumar et al., 2013), reaction temperature (Liu et al., 

2020a), plus annealing temperature (Chomchoey et al., 2018), influence the growth of NP 

crystallite size (Dharr et al., 2020). Therefore, the current study was conducted according to the 

procedure described by (Bibi et al., 2019). The optimization parameters shown in Table 1 were 

used as factors to identify the optimal parameters for the synthesis of IONPs by changing one 

factor and keeping the other constant. The first optimal factor identified was used to optimize the 
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other factors following this method (one factor at a time). The % yield value (Equation 1) and the 

size of IONPs were considered dependent variables and were examined using an analytical 

balance (Aarson, Chandigarh, India) and a particle size analyzer known as 90-plus (Brookhaven 

Instruments Corporation, USA), respectively. A parameter gave a greater % yield value within 

an acceptable size range of the NPs approximately 1 nm to 150 nm (Kush et al., 2021) was 

selected as the optimal value for the synthesis of IONPs. 

 Table 1: The optimization parameters and their values used for optimal synthesis of IONPs 

using banana peels extract.  

Parameters 

Concentration of 

the precursor 

Banana peels 

extract to 

precursor ratio 

pH of 

the 

media 

Temperature of 

the media in 0C  

Reaction 

time in hour  

Values  0.1M 3:1 1.2 Room  0.5 

0.25M 2:1 2 40 1 

0.5M 1:1 4 60 2 

0.75M 1:2 6 80 3 

1M 1:3 8.5 100 4 

  10   

  12   

  14   
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Yield value (%) =  
Weight of IONPs synthesiszed

Weight of precursor(FeCl3.6H2O) used
× 100                                (1) 

4.6. Optimization of parameters for preparation of CIP-IONPs 

The drug loading of NPs was affected by a variety of processing parameters, including reaction 

time and drug concentration. In this study, the reaction time and contents of the drug were 

optimized. The λmax and calibration curves of CIP were determined using standard CIP solutions 

of 2 μg/ml, 3 μg/ml, 4 μg/ml, 5 μg/ml, and 6 μg/ml. For the single-factor method, reaction 

periods of 0.5, 1, 2, and 4 hours and drug concentrations of 1.5, 5, 7.5, 10, 12.5, and 15 mM were 

used as optimization factor points, (Nawaz et al., 2021b, Soliman et al., 2022) using a UV-vis to 

ascertain CIP content in the supernatant of drug NP mixtures which were run for a specified 

reaction time.  

4.7. Preparation of ciprofloxacin loaded IONPs (CIP-IONPs) 

The method for loading CIP to IONPs was adopted from (Nawaz et al., 2021b). CIP was loaded 

on IONPs, by mixing 2.5 mL of 10mM concentrations of CIP solution with 1mg/ml of 10 mL 

IONPs suspension for 1hour with magnetic stirrer at 100rpm. The resulting mixture was 

centrifuged for 20 minutes at 10,000 rotations per minute to separate the CIP-IONPs.  It was 

rinsed three times using distilled water for removing the unloaded drug from the CIP-IONPs. 

CIP-IONPs was dried at the temperature of the room and kept in a tightly sealed container for 

further characterization and application.  

4.8. Encapsulation Efficiency and Drug Loading Capacity 

Equations (2) and (3) were used to calculate the CIP load capability and encapsulating 

performance of IONP (Nawaz et al., 2021b). 

Loading capacity (%) =  
The CIP weight  in CIP– IONPs

The  weight of CIP– IONPs
 × 100                       (2)  

Encapsulation effectiveness (%)  =  
Total added CIP  −  Free CIP

Total added CIP 
 × 100          (3)
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4.9. Characterization of IONPs and CIP-IONPs 

The synthesized IONPs and CIP-IONPs were characterized using various procedures and 

instruments toward confirm their formations besides study their physical, optical, and thermal 

properties (Al-Hakkani et al., 2021). 

4.9.1. Analysis of dynamic light scattering (DLS) 

DLS examination was performed utilizing a 90 plus particle size analyzer (Brookhaven 

Instruments Partnership, USA) to determine the hydrodynamic dimension for both IONP 

synthesis optimization and IONP and CIP-IONP portrayal and polydispersity (PDI) record 

assurance. 

To avoid the interference of large particles during the measurement, a 0.22 μm syringe filter unit 

was used for filtration of both an aqueous suspension of CIP-IONPs and IONPs, which were 

sonicated for 5 min with an intelligent ultrasonic processor (SJIA-250W, Ningbo Yinzhou Sjia 

Lab Equipment Co. LTD, China) before determining the size and size distribution.  

4.9.2. UV–Visible spectrophotometry investigation 

Their respective absorbance of the produced IONPs and CIP-IONPs were examined by scanning 

through 200 to 800 nm using an ultraviolet and visible absorption spectrophotometer 

(ThermoFisher, Evolution 201, China). 

4.9.3. Fourier transform-infra red (FTIR) spectroscopy exploration 

To conclude the functional groups involved from extract of the banana peel for the formation of 

NPs and to identify the functional groups that exist in the synthesized NPs and drug-conjugated 

NPs the FTIR spectra of the peel extract, IONPs, CIP, and CIP-IONPs were measured at the 

4000 to 400 cm-1 range, employing the KBr pellet approach on FTIR spectrophotometer 

(ThermoFisher, Nicolet iS5, China).. 

4.9.4. Powder X-ray diffraction (XRD) examination 

To determine crystal structure, average crystalline size, and composition of IONPs (phase 

purity), Powder X-ray diffraction examination was performed. The XRD pattern of created 

IONPs was determined by X-ray diffractometer (XRD-7000 X-RAY DIFFRACTOMETER, 

SHIMADZU Corporation, (Japan)) operating at a 40 kV voltage and a 30 mA current with a Cu 
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target in a continuous scanning range between 10 and 80 degrees of 2θ angel and with scanning 

speed of 3 degrees per minute and sampling pitch of 0.0200 degrees. The crystallite size of the 

NPs was calculated using the Debye-Scherrer formula (Equation 4). 

𝐷 =  
0.9λ 

(β cosθ)
                            (4) 

Where, D is the mean size of the particle, λ is the wavelength of X-ray; β is full width at half 

maximum intensity and θ is the diffraction (Bragg) angle (Selvanayaki et al., 2022). 

4.9.5. Scanning electron microscopic (SEM) analysis 

SEM (High-vac. SED PC-std. JCM-6000Plus) was used to ascertain the shape, size, and surface 

roughness of the produced IONPs.  

4.9.6. Thermal analysis 

Differential Thermal Gravimetry, (DTG - 60H), SHIMADZU Corporation, Japan), was used for 

the thermal analysis, which includes TGA and DTA for the measurement of weight loss, purity, 

decomposition, and phase change with regard to temperature (Naz et al., 2019b) in 150c/min 

temperature rate up to 8000c. 

4.10. Drug Release study 

The λmax, and calibration curve for each buffer solution used to release the study were 

determined using 2µm/ml, 3µm/ml, 4µm/ml, 5µm/ml, and 6µm/ml standard CIP solution using 

the respective buffers as a solvent. CIP release in vitro from the CIP-IONPs preparation was 

studied using the scheme described by (Zafar et al., 2021). Determination of the content CIP 

released using a UV-Vis was determined at 276, 271, and 270 nm in 1.2, 6.8, and 7.4 pH 

simulation fluid respectively. The study was taken over 24 hours. Briefly, a dialysis membrane 

sack with a molecular weight of 12 Kilo Daltons cut out that was soaked in respective simulation 

medium, which mimics different physiological pH using PBS for 24 hours at 37 + 0.7°C and the 

bag was filled with 4ml of CIP-IONPs suspension which contained 2mg CIP-IONPs. After tying 

of both ends, the dialysis membrane bag was immersed into the receptor compartments 

containing 40 ml of PBS prepared for a particular pH simulation medium. The whole assembly 

was kept on 100 rpm shaker at 37+ 0.7°C using Shaking incubator (THZ-300, Shanghai Yiheng, 
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China). At predetermined intervals of time, aliquot (4 mL) were taken and replaced with fresh 

PBS adjusted for particular simulation medium, Equation 5 was used to compute the cumulative 

release of drugs (Zafar et al., 2021).  

Cumulative drug release (%) =  
CIP liberated from CIP − IONPs at time t 

The total quantity of CIP loaded on IONPs
× 100      (5) 

 
 

4.11. In Vitro antibacterial susceptibility study of CIP-IONPs, IONPs and 

CIP  

CIP resistant E. coli strain were isolated by conventional biochemical profile and an 

antimicrobial resistance study was carried according to Kirby-Bauer diffusion of the disk 

susceptibility test technique (Hudzicki, 2009). The bacteria were harvested using Mueller-Hinton 

agar for 24 hours. Mueller-Hinton agar plate was prepared and placed for 30 minutes in a 

laminar flow hood at ambient temperature for drying. The inoculum suspension comparable to 

turbidity of 0.5 McFarland was prepared. And it was inoculated on a Mueller-Hinton agar plate 

labeled for each standard sample solution using a sterile swab. The standard sample solution of 

5µg/20µL CIP (CLSI, 2021); 15µg/20µL CIP-IONP, and 10µg/20µL IONP based on the loading 

capacity of the IONPs was impregnated on sterilized Whatman filter paper disc which was 

prepared by office puncher. This impregnated disc was placed on an inoculated Mueller-Hinton 

agar plate respective to their label and incubated at (370C ± 0.5) for 24 hours after inverting the 

plate upside down. Finally, a zone of restriction was determined using a ruler. CIP-IONPs, 

IONP, and free CIP antimicrobial properties were compared (Hudzicki, 2009). 

4.12. Statistical analysis  

Statistical data was evaluated using Origin Pro 2022 version of the software was 9.9.0.225 and 

ImageJ, Java 8.2 software. The results were displayed using graphs and tables.  
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5. Result and discussions  

5.1. Qualitative phytochemical analysis 

Qualitative screenings of phytochemicals in extracts of banana peel demonstrate the existence of 

diverse phytoconstituents, as shown in Table 2. 

Table 2: Phytochemical screening of banana peel extracts 

S/No  Phytochemicals  Indication  Result 

1  Flavonoids  Pink or red color Positive 

2  Alkaloid  Brown/reddish precipitate Positive 

3  Tannin  White precipitate Positive 

4  Saponins  Foam produced persists for ten minutes Negative  

5  Phenols  Bluish-black color  Positive 

6  Glycosides  Rose-pink color Positive 

7 Steroids  A Blue-greenish color Positive 

8  Terpenoids  Reddish brown color  Positive 

9 Anthraquinons Bright pink color positive 

Even though the synthetic mechanism of  IONPs is not completely understood, terpenoids, 

flavonoids, various heterocycles, (Morales-Díaz et al., 2016) and polyphenols are directly 

engaged in the production (Wang et al., 2015) of iron oxides, zero-valent iron, and a combination 

of all IONPs (Kanagasubbulakshmi and Kadirvelu, 2017, Nwamezie, 2018, Saif et al., 2016), 

The presence of such phytochemicals and others like, tannins, glycosides and coumarins in 

banana peel extracts were also reported before (Zaini et al., 2022). Therefore, as these 

phytochemicals are in charge of the development of IONPs, their presence in extract of banana 

peel confirms the capability of the plant essences to produce the NPs.  

5.2. Synthesis of IONPs using banana peels extract 

5.2.1. Visual inspections  

Visual observation of the color change during the synthesis is cited in various sources as the first 

qualitative investigation of the creation of IONPs (Asoufi et al., 2018, Naz et al., 2019a, Sundara 

Selvam et al., 2020). In this investigation, there was a hue change from black to brown, 
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suggesting the existence of IONPs (Figure 1) after drop wise mixing of the banana peels extract 

with precursor except in acidic pH (1, 2, 4, and 6), and in 3:1 extract to precursor ratio. The 

finding was in line with different reported literatures (Asoufi et al., 2018, Naz et al., 2019a, 

Sundara Selvam et al., 2020).    

 

  

 

 

 FeCl3.6H2O solution 

 

 

 

 

 

 

 

 

Figure 2: Schematic illustration of color change in synthesis of IONPs using banana peels 

extract. 

5.2.2. Optimization of IONPs synthesis parameters  

For the best creation of IONPs, the parameters of pH, extract to precursor ratio, and precursor 

concentration, temperature, and reaction durations were tuned. 
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5.2.2.1. Precursor concentration 

One among the most elements influencing the size, quantity, and properties of synthesized NPs is 

the precursor's concentration. According to research by Kriedemann and Fester (2015), the 

average size of particles of the fabricated  IONPs is 76.5% dependent on the precursor's content 

(Kriedemann and Fester, 2015). This investigation discovered that the size of produced IONPs 

were increased as the precursor's content was increased which is consistent with research  done 

by (Dehsari et al., 2017) (Table 3).  However, the % yield values were observed to increase from 

0.245% to 6.91%  while increasing the concentration of the precursor 0.1M to 0.5M, but it was 

decreased in farther increasing of the concentration from 0.5M to 1M (Table 3), this is consistent 

with a study done by (Erkakan et al., 2022). This study looked at; 0.5M concentration of 

precursor was selected for optimization of the next trials because it gave relatively the largest % 

yield value (6.91%) than other IONPs synthesized within acceptable particle size (109.5nm).  

Table 3: Effective diameters and yield values of IONPs synthesized utilizing banana peels 

extract at different precursor concentration.  

Independent variables  Dependent variables  

FeCl3.6H2O 

Conc. In M 

Ratio 

P. Ext.: Precu. 

pH T0  

(0C) 

Reaction 

Time In hr 

Yield 

value (%) 

Effective 

Diameter (nm) 

0.1 2:1 8.5 Room 0.5 0.245 120.1 

0.25 2:1 8.5 Room 0.5 0.74 122.6 

0.5 2:1 8.5 Room 0.5 6.91  109.5 

0.75 2:1 8.5 Room 0.5 2.7 125.8 

1 2:1 8.5 Room 0.5 1.23 150.1 

5.2.2.2. Extract to precursor ratio 

The ratio of biocatalyst to precursor is supposed to be a crucial factor in defining the size and 

rate of NPs production  (Jacob et al., 2019). One of the factors to determine the effective 

qualities of the particles, especially size, is the extract to precursor ratio (Aragaw et al., 2021), so 

in this research the extract to precursor ratio 3:1, 2:1, 1:1, 1:2, and 1:3 trials were done for 

finding the optimal ratio but 3:1 ratio did not give any measurable amount of the NPs for DLS 

analysis (Table 4). The trends of % yield values were similar to the precursor concentration in 

that the plant extract ratio decreased, the % yield value increased up to some instance after that it 
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was decreased. which corresponds to a study by Hong and Jiang that found that the yield values 

of the synthesis of NPs increased as the extract ratio climbed from 10% to 30%, but that the yield 

values fell as the extract ratio increased from 30% to 50%  (Hong and Jiang, 2017). This may 

due to decreasing the plant extract leads to increasing in precursor concentration. In this research, 

an extract to precursor ratio of 1:2 gave the best result (25.98% and 102.6nm) and it was hired 

for the next optimization trials.  

Table 4: Effective diameters and yield values of IONPs synthesized utilizing banana peels 

extract at different extract to precursor ratio. 

Independent variables  Dependent variables  

FeCl3.6H2O 

Conc. In M 

Ratio 

P. Ext.: Precu. 

pH T0  

(0C) 

Reaction 

Time In hr 

Yield value 

(%) 

Effective 

Diameter(nm) 

0.5 2:1 8.5 Room 0.5 6.91 109.5 

0.5 1:1 8.5 Room 0.5 19 130.8 

0.5 1:2 8.5 Room 0.5 25.98  102.6 

0.5 1:3 8.5 Room 0.5 8.4 134.2 

5.2.2.3. pH 

The reaction's pH level also played a crucial part in the production of NPs. pH, like temperature, 

also controls how nucleation centers occur. An upsurge in many nucleation centers happened due 

to alkaline environment as the pH rises. The likelihood of accessible functional groups was made 

more likely by pH, which promoted the fabrication of metallic NPs (Samuel et al., 2022). pH has 

been shown a substantial impact in determining the dimension and morphology of the particles 

(Karade et al., 2018). Without pH adjustment, it is impossible to create NPs with a precise 

morphology and size. Various plant extracts have diverse chemical compositions, and it has 

happened that different pH values cause the creation of NPs  (Soni and Prakash, 2011). In this 

study, different pH values were taken into consideration for the optimal synthesis of IONPs 

using banana peels extract starting from pH 1 to 14. But there were no formed NPs at pH 1, 2, 4, 

and 6 whereas pH values of 8.5, 10, 12, and 14 gave NPs (Table 5). These NPs forming pH 

values showed comparable results for the % yield value and different particle sizes indicating 

that pH has a strong influence on particle size determination rather than yield value. A pH of 12 
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gave relatively the largest % yield value (27.40%) and acceptable particle sizes (89.1 nm) was 

selected for the next optimization process. 

Table 5: Effective diameters and yield values of IONPs synthesized utilizing banana peels 

extract at different pH 

Independent variables  Dependent variables  

FeCl3.6H2O 

Conc. In M 

Ratio 

P. Ext.: Precu. 

pH T0  

(0C) 

Reaction 

Time In hr 

Yield value 

(%) 

Effective 

Diameter(nm) 

0.5 1:2 8.5 Room 0.5 25.98  102.6 

0.5 1:2 10 Room 0.5 25.18 121.1 

0.5 1:2 12 Room 0.5 27.40 89.1 

0.5 1:2 14 Room 0.5 24.44 274.2 

5.2.2.4. Temperature  

The consequence of temperature on NPs synthesis was widely examined and recognized as most 

influential factors that meaningfully influence NP synthesis rate, dimension, and form (Fleitas-

Salazar et al., 2017). In this research, the particles size was increased while increasing the 

temperature (Table 6). This is consistent with the findings of the research done by (Jacob et al., 

2019, Kriedemann and Fester, 2015). In contrast, reduction of % yield value was observed when 

the temperature raised and similar finding was reported elsewhere that revealed the extract 

metabolites that were utilized to stabilize and cap the metal during the creation of nanoparticles 

are rendered inactive by the high temperature (Akintelu et al., 2021, Aksu Demirezen et al., 

2022, Rajendran and Sen, 2016). As demonstrated in Table 6, room temperature resulted the best 

% yield value (27.40%) and used for the next optimization process. 
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Table 6: Effective diameters and yield values of IONPs synthesized utilizing banana peels 

extract at different temperature 

Independent variables  Dependent variables  

FeCl3.6H2O 

Conc. In M 

Ratio 

P. Ext.:Precu. 

pH T0  

(0C) 

Reaction 

Time In hr  

Yield value 

(%) 

Effective 

Diameter(nm) 

0.5 1:2 12 Room 0.5 27.40 89.1 

0.5 1:2 12 400C 0.5 15.55 97.4 

0.5 1:2 12 600C 0.5 11.85 113.1 

0.5 1:2 12 800C 0.5 11.11 117.2 

0.5 1:2 12 1000C 0.5 8.15 120.5 

5.2.2.5. Reaction time  

Reaction time is a significant component that affects the shape of NPs along with temperature 

and pH (Karade et al., 2018). NPs produced from plant extract depend on the duration for which 

the reaction is incubated. The variation of the product with the duration of the reaction time may 

be due to the aggregation of particles (Kuchibhatla et al., 2012). The percentage yield value and 

particle size of the formed IONPs showed almost a vise versa trend with increased reaction time 

(Table 7), as the % yield value decreased the particle size increased. This might be as a result of  

long reaction time that cause aggregation and shrinkage of NPs (Akintelu et al., 2021). Other 

researchers have found that the particle dimensions were  increased in extending the reaction 

time (Karade et al., 2018, Rose et al., 2016). The reaction time of 1hour gave best yield value 

(35.55%) and particle size (67.3nm). This result was equivalent to a study by Hong and Jiang 

(2017) that compared the percentage yield of synthetic SnO2 with reaction time, and  revealed 

that the maximum percentage yield was achieved around 40 minutes (Hong and Jiang, 2017).  
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Table 7: Effective diameters and yield values of IONPs synthesized utilizing banana peels 

extract at different reaction time. 

Independent variables  Dependent variables  

FeCl3.6H2O 

Conc. In M 

Ratio 

P. Ext.:Precu. 

pH T0 

(0C) 

Reaction 

Time In hr  

Yield value 

(%) 

Effective 

Diameter(nm) 

0.5 1:2 12 Room 0.5 27.40 89.1 

0.5 1:2 12 Room 1 35.55 67.3 

0.5 1:2 12 Room 2 24.81  103.7  

0.5 1:2 12 Room 3 24.44 108.3 

0.5 1:2 12 Room 4 18.11 110.9 

So, the precursor concentration of 0.5M, the extract to precursor ratio of 1:2, the pH of 12, 

reaction time of 1hour and room temperature were the parameters selected in order to synthesize 

optimal IONPs using banana peels extract. 

5.3. Drug loading to IONPs  

5.3.1. Optimization of parameters for CIP-IONPs  

Reaction time and drug concentration were the two-variable optimized during drug loading after 

determining the λmax and drawing the calibration curves of CIP using ultraviolet and visible 

absorption spectrophotometer (ThermoFisher, Evolution 201, USA). The CIP λmax (271) was 

obtained by running 2 µg/ml, 3 µg/ml, 4 µg/ml, 5 µg/ml, and 6 µg/ml of CIP standard solution. A 

straight line with R2 of 0.9993 (appendix I) was acquired from the calibration curves for 

determination of CIP concentration in the supernatant solution of each optimization trials.  

Through hydrophobic interactions and π–π stacking, IONPs have been once believed to  load a 

variety of medicines with excellent loading capacities and encapsulation efficiency (Liu et al., 

2020b). The detrimental effects associated with using too much of the carrier materials could be 

limited by high drug encapsulation effectiveness in nanostructures, which can help lower the cost 

of manufacturing and scaling up (Yu et al., 2018). 
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5.3.1.1. Reaction time 

Reaction time is among the commonest factors that affect capacity for drug loading and effective 

encapsulation. In this study the capacity for drug loading and effective encapsulation in respect 

to mixing time were done at 7.5mM concentration of CIP. The findings of the current 

investigation showed that when the mixing time increased starting from 0.5 hours loading 

capacity and encapsulation efficiency increased up to some instance after that increased mixing 

time decreased the loading capability and efficiency of encapsulation (Figure 2). The mixing 

time at 1 hour gave relatively good result with 21.3% ± 0.26 and 39.3% ± 0.6, capacity for 

loading and efficiency of encapsulation, respectively (Figure 2). This might be due to prolonged 

mixing time dislodge the adsorbed drug from the NPs' surface.  So, reaction time of 1 hour was 

selected for the next investigation of optimal loading and encapsulation effectiveness of IONPs 

at different CIP concentrations. 

.  



 

31 
 

 

Figure 3: Loading and encapsulation effectiveness of IONPs with relation to time. 

5.3.1.2. Drug concentration  

Drug loading amount and encapsulation ability of NPs is believed to be one of the critical 

physicochemical characteristics assessed while developing various types of NPs. Drug 

concentration is one among the most popular factors in influencing the capacity of loading and 

encapsulation competence of NPs. The current study looked at the impact of the concentration of 

CIP on the capacity of loading and encapsulation competence was evaluated at optimal value of 

mixing time (1 hour) and the result found revealed that the stacking capacity and effectiveness of 

encapsulation of IONPs were increase when increased the concentration of CIP starting from 
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1.5mM to 10mM, but farther increased the concentration decreased the capacity of loading and 

encapsulation competence of IONPs (figure 3). Thus, CIP concentration of 10mM was found as 

a best optimized concentration for drug loading and encapsulation competence with 33.3% + 

0.67 and 54% + 0.86. Liu et al, reported that the maximum loadings capacity of IONPs were 

ranged from 11.8–35.0 % due to their possession of large pores and large surface area  (Liu et al., 

2020b). Another study discovered that the void or mesoporous nature of IONPs allows for 

excessive drug loading capacity and rate of medicine release, both of which are critical needs for 

therapy (Lin et al., 2015). 

 

Figure 4: Loading and encapsulation efficiency of IONPs at a function of concentration. 
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5.4. Characterization of IONPs and CIP-IONPs 

5.4.1. Dynamic light scattering (DLS) analysis 

IONPs synthesized at optimal conditions had particles size of 67.3 nm ± 0.9 and polydispersity 

index (PDI) 0.242 ± 0.049 as shown in figure 4. This result is in agreement with the tolerable 

PDI which is less than 0.4 (Babick, 2020). This suggests that even if DLS overestimated the size, 

it may have been as a consequence of NPs' capacity to hold onto a certain quantity of water in 

aqueous suspension (Hao et al., 2019), The particle is within the acceptable range for the 

fabrication of NPs (Devi et al., 2019). The CIP-IONPs also showed with a particle dimensions 94 

nm ± 2.1 and PDI of 0.254 ± 0.129. This may be owing to influence of medication loaded on its 

particle dimension because it is greater than the size of IONPs (Figure 5). 

 

Figure 5: DLS graph of IONPs produced using banana peel extract. 



 

34 
 

 

Figure 6: DLS graph of the CIP- IONPs. 

5.4.2. UV visible spectrophotometer  

For the appropriate conformation in terms of synthesis and loading of the drug, the UV visible 

spectrophotometric characterization of IONPs generated, CIP-IONPs, and CIP was performed. It 

was discovered that the unique UV absorption band at 272 nm (Figure 6) may be caused by the 

surface plasmon resonance effect of the IONPs produced, this corresponds to the literature (Ali 

et al., 2017, Sharma et al., 2020a). According to figure 7, the CIP-IONPs had a high peak at 352 

nm and pure ciprofloxacin at 271 and 322 nm. This shows that there is some red shift when a 
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medication is loaded onto the NPs, which might be caused by a reduction in polarity of the 

loaded NPs. 

 

Figure 7: UV visible spectrums of green synthesized IONPs and CIP-IONPs. 
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Figure 8: UV visible spectrums of pure CIP. 

5.4.3. Fourier transform-infrared spectroscopic (FTIR) analysis 

Figures 8, A and B, and Figure 9, A and B, respectively, show the described FTIR peaks of the 

extract of banana peels, IONPs, CIP-IONPs, and CIP. 

The stretching of Fe-O functional groups, which is depicted by strong peaks at 461 cm-1 and 542 

cm-1 in the IONPs peaks, clearly indicates the fabrication of hematite NPs. A peak on 1131 cm-1 

is also present, and this peak serves as the hematite NPs' hallmark (Sharma et al., 2020b). On 

banana peel extract, IONPs, and CIP-IONPs, a distinctive peak at 3445 cm-1 is most likely 

originated by the existence of O-H functional groups, which may have come from the plant 

extract or, in the instance of IONP and CIP-IONPs, from adsorbed moisture and water molecule 
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during loading, respectively. The bulk of peaks seen in the extract of banana peels did not show 

up in the IONPs FTIR peaks (Figure 8). This might be because the organic plant extract 

components were degraded during the calcination of the NPs at 7000c for two hours. 

 

Figure 9: FTIR spectrums of (A) banana peels extract, and (B) IONPs  

The relatively small amount of CIP in loaded NPs (33.3%), and moreover the moderate 

interaction of CIP and IONPs, maybe to account for the disappearance of some peaks and 

reduction in peak strength in the CIP-IONPs FTIR spectrum (Figure 9) (Ellerbrock and Gerke, 

2021). The main functional group in the entire FTIR spectrum and its proposed indications are 

present in table 8. 
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Figure 10: FTIR spectrums of (A) CIP-IONPOs, (B) CIP 
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Table 8: The main FTIR peaks of banana peel extract, IONPs CIP-IONPs and ciprofloxacin and 

their possible functional groups. 

Wave numbers 

(Cm-1) 

Assigned stretching, bending, 

vibration or wag  

Possible 

functional 

groups   

Reference  

3445 O–H stretching polyphenols or 

carboxylic acid 

(Yi et al., 2019) 

3537 stretching of C=C alkyne or C-H 

stretching 

aliphatic and 

aromatic 

compound 

(Demirezen et al., 

2019) 

2932 Asymmetric and symmetric 

stretching of -CH2 and -CH3 

functional groups 

Aliphatic 

 

 

(Ramesh et al., 

2021) 

 

2359 C=N 

C=N   or C-H stretching 

aliphatic and 

aromatic 

compound 

(Ramesh et al., 

2021, Vinayagam 

et al., 2020) 

1644 Amid I 

C–O vibration 

C = C bond 

Protein/enzymes  (Sharma et al., 

2020b) 

1131 crystalline Fe–O vibrations signature band for 

α-Fe2O3 NPs 

(Sharma et al., 

2020b, 

Vinayagam et al., 

2020) 

1012 C-O-C stretching 

C-N stretch  

N-H wag  

=C-H bend 

Aromatics 

Aliphatic amines  

primary, 

secondary amine 

alkenes 

(Eslami et al., 

2018, Yan and 

Zhang, 2011) 

542 Fe-O stretching vibrations Hematite phase 

IONPs  

(Bashir et al., 

2019, Madubuonu 



 

40 
 

et al., 2019) 

461 Fe-O stretching vibrations Hematite’s NPs  (Bashir et al., 

2019, Devi et al., 

2019, Sharma et 

al., 2020b) 

 

5.4.4. Powder x-ray diffraction (XRD) analysis 

According to the XDR graph figure 10, at 2θ diffraction peaks values, 24.240, 33.280, 35.340, 

40.930, 49.610, 54.190, and 62.230, with corresponding crystal planes (h, l, k) values of 012, 104, 

110, 113, 024, 116, and 214, are a characteristic peak for hematite NPs, it is in agreement with 

other literature (Devi et al., 2019). The average calculated crystalline size from all peaks value 

(Table 9) using Debye Scherrer equation (Equation 3) gave 10.4 nm ± 1.98 which is in line with 

the DLS finding (67 nm) that is due to overestimating of DLS analysis (Devi et al., 2019).  

Table 9:  The mean size of synthesized IONPs calculated from XRD data using Debye Scherrer 

equation. 

2θ (degree) FWHM (degree) Diameter (nm) (h k l) 

24.24 0.67421 12.05 012 

33.28 0.86285 9.61 104 

35.34 1.06721 7.81 110 

40.93 0.64875 13.07 113 

49.61 0.75597 11.58 024 

54.19 0.85074 10.49 116 

62.23 1.1363 8.17 214 

FWHM: Full Width Half Maximum 

The absence of any random peaks and sharp diffraction peaks in the XRD spectrum of the IONPs 

generated, respectively, served as indicators of the purity and crystallinity of the substance 

(Ahmmad et al., 2013). Peaks were consistent with the (File No. 01-076-4579 of the Joint 

Committee on Powder Diffraction Standards) as shown in figure 11.  
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Figure 11: XRD pattern for IONPs synthesized utilizing bananas. peels extract. 
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Figure 12: XRD pattern for green synthesized IONPs using banana peels extract with standard 

card comparison. 

5.4.5. Scanning electron microscope (SEM) analysis 

SEM pictures show the appearance, shape, and size of the NPs. For the current study, irregular 

and almost rod-shaped NPs were found (Figure 12A). Rod-shaped IONPs made using green 

synthesis techniques were also reported in several investigations (Anchan et al., 2019, Rather and 

Sundarapandian, 2020). The NPs' characteristically porous and powdery appearance showed that 

they had an inconsistent surface (Maji et al., 2012). According to some reports, the magnetic 

interactions of the NPs may lead to the creation of agglomerations that are evident in the SEM 

image (Anchan et al., 2019, de Jesús Ruíz-Baltazar et al., 2019, Natrayan et al., 2023). The mean 

calculated particle size (48 nm ± 0.9) of the IONPs using ImageJ software was relatively 

greater than the XRD crystalline size and smaller than DLS size of IONPs and this maybe 

as a result of agglomerations of the NPs and over estimation of the DLS technics 

respectively (Devi et al., 2019).  
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The surface roughness shown in figure 12B had good adsorbing capacity for drug loading 

(33.3%) which is almost the maximum loading capacity of IONPs reported in literature 

(11.5-35%) (Liu et al., 2020b) because it has been shown by researchers to have a faster 

antibacterial effect than a smooth surface (Sumedha and Andrea, 2016, Wang et al., 

2019). 

 

Figure 13: Image showing SEM of IONPs made from banana peel extract (A) particle shape, 

size and morphology, and (B) surface roughness. 

5.4.6. Thermal analysis  

The thermal examination of the IONPs created revealed no appreciable change in weight loss as 

temperature increased, demonstrating the remarkable heat stability of these NPs. The data 

showed two endothermic peaks, the first having a maximum limit of roughly 100°C and a 

decrease of mass of 0.34 percent of the total weight, and the second with a high at about 780°C 

and no mass loss in the DTG analysis (Figure 13).  Dehydration of hygroscopic water is 

attributed to the first summit. The second peak is most likely as a result of a shift in crystal 

structure that occurs concurrently with a change to its crystalline state. Therefore, the small 

weight loss of roughly 1000C caused by the water molecules evaporation that were attached to its 

surface of the NPs during processing time confirms the cleanliness of the NPs and is consistent 

with another investigation (Naz et al., 2019b). 
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Figure 14: TGA Vs DTA analysis of IONPs synthesized using banana peels extract  

5.5. In vitro drug release study 

With correlation coefficients of 0.9995, 0.9994, and 0.9993 correspondingly (Table 10), the 

calibration curve of CIP employing stomach, intestine, and blood mimic fluids as a solvent 

produced a straight line (annex II). 

Table 10: Calibration equation and correlation coefficients of CIP at different buffer solution  

pH λmax Linear questions Correlation coefficients (R2) 

1.2 276nm y = 105.2x + 0.0094 0.9995 

6.8 271nm y = 105.4x + 0.003 0.9994 

7.4 270nm y = 113x - 0.035 0.9993 
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This drug release investigation demonstrated that there are two patterns for CIP release that rely 

on the media's pH. The first was the rapid releasing pattern, which was 89.8%  ± 0.1 (figure 14) 

within 4 hours in gastric fluid (pH 1.2). This pattern was also mentioned in other publications, 

and prior studies had also described a comparable CIP release from metallic NPs (Guo et al., 

2018, Manatunga et al., 2017). It may be caused by burst releasing of the molecules of the drug 

that adsorb on the NP’s outer most surface and as a consequence of relative acid solubility of 

CIP. In order to load CIP, Basu et al. produced semi-interpenetrating hydrogels of silver-

nanocomposite that, after five hours, release 95% of the CIP (Basu et al., 2018). The release of 

96.6% of CIP within 5 hours from gold nanocomposite hydrogel was also discovered in the study 

of (Prusty and Swain, 2019).   

The second was a slow releasing pattern in intestinal and blood pH of 6.8 and 7.4 with 43.1% ± 

0.6 and 29.6% ± 0.2 release rates within 4 hours respectively. This may be because CIP is less 

soluble in neutral media, this corresponds to research by Zafar et al. (2022) (Zafar et al., 2022). 

A study of Nawaz et al., revealed that CIP loaded gold nanoparticles had a similar releasing 

profile, with a 35% release rate within 4 hours (Nawaz et al., 2021a). 

A pH-dependent U-shaped solubility of CIP with a minimum at pH 7.4 may account for why the 

releasing pattern of CIP at blood simulation fluids (pH 7.4) was slower than intestine simulation 

fluids, particularly from 2 hours to 16 hours (Figure 14) (Ross and Riley, 1990).  

In general, the release profile of CIP in the current investigation exhibited two stages, which 

were roughly a raped release period up to around 5 hours and comparatively a delayed release 

after 5 hours in all simulation fluid (figure 14). The rapid release phase, in which the CIP-IONPs 

had a significant surface-to-volume proportion because of their small dimensions, which fosters 

fast release, served as confirmation of CIP adsorption on the outer layers of IONPs (Naz et al., 

2013). As a consequence, the first burst release phase of 5 hours for CIP-IONPs may serve as a 

beginning dosage to prevent disease transmission, while the second, slower phase beyond 5 

hours may assist offer a more effective therapeutic response, particularly in the blood and 

intestinal medium. 
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Figure 15: Percent cumulative drug release at different pH buffer solution of CIP-IONPs. 

5.6. In vitro antimicrobial susceptibility study 

The antibacterial susceptibility break point of a standard 5 µg of CIP for E. coli is classified as 

≥26, 25-22, and ≤ 21, which, respectively, indicate sensitivity, intermediate susceptibility, and 

resistance (CLSI, 2021).  

The potential antimicrobial mechanisms of IONPs for their antimicrobial activity include 

reactive oxygen species (ROS) generation, which has a genotoxic effect and damages DNA 

molecules (Kohanski et al., 2010, Zakariya et al., 2022), photocatalysis, Fenton reactions, 

vacuole formation, cell wall disruption, and inactivation of topoisomerase, which prevents DNA 

replication (Li et al., 2018). Additionally, the favorable charge on the exterior of  metal NPs 

encourages their attachment with relation to the charged negative surface of the bacteria, 
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enhancing NPs' antibacterial action (Khezerlou et al., 2018). The NPs' bactericidal action is also 

influenced by their size (El Semary and Bakir, 2022, Menichetti et al., 2023, Mishra et al., 2022). 

As result the of that in the current study antimicrobial susceptibility test using disc diffusion 

methods showed that IONPs have an antimicrobial bustle in opposition to CIP resistant E. coli 

with around 8mm ZOI (Table 11) which supported by different studies. According to a study 

IONPs had a ZOI of roughly 13 mm at strength of 1000 g/ml (1 g/l) (Yoonus et al., 2021) and 

this value is relatively higher than the current finding this might be due to higher concentration 

IONPs used relative to the current study (0.5µg/µl) and/or due to investigation of antimicrobial 

activity of IONPs against CIP resistant E. coli in the present research. Another study was 

discovered that hematite IONPs had antimicrobial action against E. coli with 9.5mm ZOI (Chihi 

et al., 2023) which is relatively comparable with result found in the this evaluation. The 

antimicrobial efficacy of IONPs for E. coli with 11mm ZOI was also demonstrated by (Saqib et 

al., 2019) which nearly comparable with this study finding. Baniasadi et al. likewise came to the 

realization that IONPs had a diverse variety of effects against bacteria that were highly resistant 

to antibiotics at very low concentrations (Baniasadi et al., 2020).  

CIP-IONPs have a promising resistant reversal with a ZOI 22mm ± 0.15 which failed in 

intermediate susceptibility of antibacterial susceptibility break point indicated in CLSI 2021. But 

the ZOI (19 + 0.43) of CIP failed in the resistance category. Numerous investigations revealed 

that CIP's antibacterial effectiveness was improved when it was conjugated with various NPs, 

such as silver or gold (Kooti et al., 2018, Sreedharan and Singh, 2019). There are many metal 

and metal oxide nanoparticles (NPs) that include CIP that have more bacterial inhibitory activity 

than both CIP and the bare NPs  (Maleki Dizaj et al., 2017, Mohsen et al., 2020, Nawaz et al., 

2021b). The PCL-CIP-maghemite and PCL-CIP-hematite reduced bacterial growth with greater 

efficacy after 2 and 5 days of cultivation in the occurrence of a attracting field, according to 

research by (Sirivisoot and Harrison, 2015). Another study revealed that when CIP was 

contained in Graphene oxide-Cobalt ferrite-silver nanocomposite, its antiseptic action to E. coli 

ATCC® 25922TM was significantly increased (Kooti et al., 2018). Additionally, CIP's 

antibacterial activity was shown to have boosted when it was conjugated with gold nanoflowers 

by (Sreedharan and Singh, 2019).   
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The facilitation of IOPNs for conducting (passage) of CIP into bacterial (Rai et al., 2019), cell 

wall disruption effect of IONPs (Pelgrift and Friedman, 2013), protection of CIP from the 

resistance mechanisms of E. coli by IONPs (Huh and Kwon, 2011), interfere with the efflux 

pumping activity of E.coli (Banoee et al., 2010) and the ability of IONPs in reducing antibiotic 

resistance genes (ARGs) development in bacteria that are resistant to antibiotics (AlMatar et al., 

2018) might be the possible mechanism for the effectiveness of CIP-IONPs over CIP alone.  

The ability of Fe2O3 NPs to bind to the E. coli cell wall directly was demonstrated using the 

electron microscopy technique (Armijo et al., 2020). One of the antibacterial modes of action of 

NPs is to kill the bacterial cell by coming into close contact with the cell wall of the bacterial 

without penetrating in to the cell. As a result, NPs are less likely than antibiotics to cause 

bacterial resistance (Wang et al., 2017) and this might become one of the possible reasons of 

susceptibility of E. coli for CIP-IONPs. 

In the current experiment, CIP's antibacterial activity with 19 + 0.43 mm ZOI (Table 11) showed 

that CIP was resistant to E. coli. This result was supported by a number of examinations and the 

currently popular global issue. In a study titled "Resistance Pattern of CIP Against Different 

Pathogens," that it was discovered about 27% of clinical isolates of E. coli were resistant to CIP 

(Ali et al., 2010). Neyestani et al., reported that a total of 28.03% of the 346 E. coli isolates 

obtained from different specimen in Iran were resistant to CIP (Neyestani et al., 2023). In a 

separate study, it came to light 122 (21.4%) out of a total of 569 clinical E. coli isolates from 

cases of community-acquired acute pyelonephritis were CIP-resistant (Kim et al., 2020).  
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Table 11: ZOI of IONP, CIP and CIP-IONP for in vitro antimicrobial study  

Sample  ZOI diameter (mm)a In vitro AST breaking 

point (CLSI, 2021) 

IONPs 8 + 0.27 R 

CIP 19 + 0.43 R 

CIP-IONPs 22 + 0.15 I 

Solvent (water) 6 + 00 NA 

AST: Antibacterial susceptibility test 

I: Intermediate susceptibility 

NA: Not applicable  

R: Resistance 

a Diameter measurement includes the disc diameter. 
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6. Conclusions 

The series of optimized experimental methods utilized in this research enabled IONP production 

with 67.3 nm-sized nanometric particles. With a yield value of 35.55%, IONP synthesis utilizing 

banana peel extract under optimal processing conditions produced compounds with the required 

physicochemical characteristics. The obtained results showed that the synthesized IONPs had the 

best promising encapsulation efficiency and medication loading capability. CIP-IONPs had a fast 

drug releasing profile in gastric simulation fluid and relatively slow drug releasing profile in 

intestinal and blood simulation fluid. The antibacterial effectiveness of CIP against resistant E. 

coli was improved by IONPs. 

As a result, the findings of this work suggest that biosynthesized IONPs made using extract from 

banana peels could be a suitable nano-carrier for CIP against E. coli resistance reversal. 
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7. Recommendations  

The present study's findings suggested that additional research be done in the following areas.    

 Short-term and long-term stability studies,  

 Toxicity evaluation 

 In-vivo drug release studies 

 In-vivo antimicrobial susceptibility tests  
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9. Appendixes 

Appendix I: Calibration curve of ciprofloxacin in distilled water 
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Appendix II: Calibration curve of ciprofloxacin in buffer solution of pH, (A) 1.2, (B) 6.8, and 

(C) 7.4. 
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