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Abstract: Sustainability, Ecofriendly, and green technology are key principles guiding 
the biosynthesis of nanoparticles in this research.  This work aimed to utilize Iron oxide 
nanoparticles (IONPs) as antimicrobial agents, what offers a promising solution to combat 
antibiotic-resistant pathogens. In this study, 120 food samples were analyzed. Food origin 
Citrobacter freundii was isolated and identified accurately to be used then for the 
biosynthesis of Iron oxide nanoparticles. Iron Oxide Nanoparticles were synthesized and 
characterized using different assays. Atomic force microscope was the principle 
characterization technique. Their antimicrobial activity was tested against foodborne and 
clinical bacterial isolates. The results of this study revealed that the biosynthesized IONPs 
were in a diameter of 32.86 nm with magnetic properties. The biosynthesized IONPs 
inhibited the biofilm formation of both food and clinical isolates. The main conclusion of 
this work is that food origin C. freundii is an excellent reducing agent in the biosynthesis of 
these bioactive nano-scale materials. This research is the first to synthesize Ferric oxide 
NPs using C. freundii marking a new approach in the field.  Clinical C. freundii required a 
higher IO-NPs dose more than foodborne isolates. This calls for stronger therapies, while 
foodborne C. freundii still poses contamination risks despite lower resistance. Addressing 
both could improve antimicrobial treatments and food safety. 
 Keywords: Food, Nanotechnology, Iron, Ecofriendly, Food safety. 

Introduction 

Antimicrobial resistance (AMR) is a critical 
public health concern that causes significant 
rates of death and morbidity (Tacconelli & 
Pezzani 2019). AMR of bacteria causes 
approximately 700,000 deaths annually, with 
an estimated increase to 10 million by 2050 
(Tang et al., 2023). Furthermore, bacteria 
acquire antibiotic resistance genes and evolve 
a diverse set of AMR mechanisms to protect 

themselves from commercially available 
antimicrobial drugs (Aslam et al., 2018). The 
severity of antibiotic resistance and the 
scarcity of therapeutic options are being 
addressed. Stronger, more effective 
antibacterial medicines are being developed 
by scientists. Recently, nanoparticle-based 
materials have gained popularity in the 
treatment of microbial diseases (Jain et al., 
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2021, Mussin et al., 2021). Nanotechnology is 
a promising solution for the antibiotic 
resistance issue (Gudkov et al., 2021). It is a 
multidisciplinary field that combines 
chemistry, biology, biochemistry, physics, 
and materials science (Ramsden, 2018). 
Nanotechnology was first introduced in 1960 
by Richard Feynman who proposed 
manipulating matter at the atomic and 
molecular level (Feynman, 2018).  Professor 
Norio Taniguchi from Tokyo University of 
Sciences popularized the term. His definition 
was "the treatment, separation, consolidation, 
and deformation of materials into atoms or 
molecules" (Taniguchi, 1974). Iron oxide is 
the most widely investigated substance for 
FDA-approved nanomedicines (Bobo et al., 
2016). Magnetic iron oxide NPs (MNPs) 
consisting of magnetite (Fe3O4) or maghemite 
(Fe2O3) have been shown to be useful. May 
be as contrast agents, drug delivery vehicles, 
and thermal-based therapies at particular 
diameters (from 15 nm to 100 nm) (Arias et 
al., 2018). This material is highly efficient for 
biomedical applications, including 
diagnostics, imaging, and photothermal 
treatments. Biocompatibility and stability 
make them ideal for situations that cannot be 
achieved with organic materials. Low 
solubility and toxicity limit their use in 
certain clinical applications (Manshian et al., 
2017). These nanoparticles have a unique 
sensitivity to external magnetic fields 
(Socoliuc et al., 2020). The field of iron oxide 
nanoparticles has garnered significant 
attention. This was because of its chemical 
and structural diversity, great availability, low 
cost, non-toxicity, and wide range of chemical 
methods that facilitate the synthesis of desired 
physiochemical properties (Chaudhari et al., 
2024). 

    This study is carried out to use the 
nanotechnology as a promising control 

strategy to combat the drug-resistant bacterial 
isolates, isolated from Iraqi animal origin 
foods. 

Materials & Methods  

Collection of food samples 

This work comprised a total of 120 food 
samples. The food samples were collected 
from markets in Baghdad city. These foods 
included: 40 leafy vegetables, 40 fish, and 40 
chicken meat samples.  

Isolation of foodborne bacteria 

The collected food samples were labeled and 
one gram was weighed from each sample. It 
was added to nine mL of peptone water and 
left to stand for 15 min. The diluted samples 
were cultured on selective and differential 
culture media using the pour plate method  . 

One mL of each diluted sample was placed in 
the center of a sterile Petri dish. The Petri dish 
containing the inoculum was then filled with 
20 mL of cooled, molten MacConkey agar 
that was thoroughly mixed. The agar plate 
was incubated at 37°C for 24 hours after it 
had solidified. The grown colonies were then 
inspected further to confirm their 
identification (Salfinger &Tortorello, 2015). 

Clinical bacterial isolates  

Clinical bacterial isolates of C. freundii were 
provided by the microbiology laboratory in 
the Department of Biology/ College of 
Science/ University of Baghdad. These 
isolates were cultured for activation. 
Thereafter they were subjected to 
confirmation of their purity and identification  . 

Identification of the bacterial isolates 

All isolated bacteria were identified based on 
colony morphology on selective and 
differential culture media and biochemical 
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tests (Benson, 2001). Then VITEK2 system 
was used to verify the findings. 

Detection of the ability of C. freundii to 
form biofilm   

Biofilm formation by clinical and foodborne 
isolates of C. freundii was tested using two 
assays: 

Congo red agar 

Congo red agar was used to test the bacterial 
ability to produce a slime layer (Freeman et 
al., 1989). CRA was composed of 50 g.L-1 of 
sucrose, 37 g.L-1 of brain heart infusion broth, 
15 g.L-1 of agar-agar, and 0.8 g.L-1 of congo 
red dye. The CRA constituents were mixed, 
heated, and autoclaved, then cooled to 55 to 
60°C (except the dye). Thereafter the congo 
red dye solution was added. The prepared 
medium was immediately poured into sterile 
Petri plates. Test bacteria were streaked on 
the agar plates, and incubated aerobically at 
37°C for 18-24 hours. Black colonies were 
considered as a positive result. 

Tissue culture plate method 

Tissue culture plate assay (TCP) was used to 
detect the ability of C. freundii to form 
biofilm. The protocol of Coffey & Anderson 
(2014) was dependent in this study. C. 
freundii isolates were cultured on tryptic soy 
broth for 18 hrs at 37°C in a shaker incubator. 
Then the activated isolates were transferred to 
a fresh broth in the wells of the TCP. After 
being inoculated, the TCP was incubated at 
37°C for 24 hrs. Then the TCP was washed 
with phosphate buffer saline three times to get 
rid of the non-biofilm producers. On the 
polystyrene wells the adherent bacteria were 
stained with 0.1% w/v Crystal violet. 
Negative control wells were filled with the 
uninoculated medium to define the reference 
optical density (OD). The OD of stained 
adherent biofilm was measured by Micro 
ELISA auto reader at wavelength 630 nm. 
The experiment was repeated three times and 
the average values of OD were calculated for 
all the tested bacterial isolates and the 
negative controls. The Cutt-off OD c value 
was assessed and the bacterial isolates were 
categorized as in Table (1) (Hassan et al., 
2011).  

Table (1): The estimation of biofilm formation 
 

O. D. at 630 nm Biofilm  

2*OD c ˂OD ≤ 4*OD c strong biofilm-forming  

OD c ˂OD ≤ 4*OD c moderate biofilm producer  

OD c ˂OD ≤ 2*OD c weak biofilm-forming 

OD ≤ OD c non- biofilm producer 

* OD c: The absorbance of negative control wells 
 

Biosynthesis of Iron-oxide Nanoparticles 
using bacterial cell filtrate 

Preparation of bacterial cell filtrate  

A fresh foodborne C. freundii culture was 
grown in nutrient broth for 18 hours at 37 °C. 
The bacterial supernatant was then collected 

by centrifugation of the tubes at 10,000 rpm 
for 10 minutes. 

Iron salt (FeSO4) stock solution 
Preparation                                                    
To prepare 1M of stock solution, 27.8 gm of 
FeSO4 were dissolved in 100 mL of D.D.W. 
to be used for biosynthesis. 
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Biosynthesis of Iron-oxide Nanoparticles  

The IO-NPs biosynthesis protocol of Nahari 
et al. (2022) was dependent with some 
modifications. To biosynthesize the iron 
oxide nanoparticles, 1 mL of C. freundii 
filtrate and 3 mL of 1 M ferric sulfate solution 
were combined at 40 °C. After several hours, 
the colour finally changed from yellowish 
brown to brownish black. Colour change 
indicates the formation of iron nanoparticles 

(Fig. 1). The biosynthesized IO-NPs were 
separated by centrifugation at 10,000 rpm for 
15 min. Centrifugation was used to remove 
the generated ferric oxide nanoparticles for 30 
min. at 10,000 rpm (Gao et al., 2017).  After 
centrifuging and three washes, the pelleted 
IO-NPs were removed. After drynig at 40°C, 
the resulting nanoparticles were pure and 
highly durable, then were kept in storage at -
4°C. 

 

 
 

Fig. (1): Schematic representation for the Iron oxide-Nps biosynthesis in this study 
 

Optimization of parameters for the 
biosynthesis of Iron oxide-Nps 

   In this research, three parameters: 
temperature, incubation period, and pH were 
optimized. These conditions may affect the 
production and quality of the nanoparticles  . 

Optimization of pH   

The reaction mixture is composed of: ferric 
sulfate and C. freundii filtrate. pH value of 
this mixture was accustomed to (11, 7, and 5) 
and incubated for 24 hours. Negative control 
of bacterial filtrate without ferric sulfate was 

kept. Then the mixture was examined for the 
formation of ferric oxide nanoparticles . 

Optimization of the incubation period   

Different incubation periods were tested for 
the detection of the suitable period for the 
biosynthesis of IO-NPs. The reaction mixture 
composed of ferric sulfate and C. freundii 
filtrate was incubated for 24, 48, and 72 hours 
were investigated. A negative control without 
ferric sulfate was prepared using the bacterial 
filtrate. Then the mixture was examined for 
the formation of ferric oxide nanoparticles . 
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Incubation temperature optimization   

The reaction mixture composed of ferric 
sulfate and C. freundii filtrate was incubated 
at different temperatures (50, 37, and 4 °C). 
Negative control of bacterial filtrate without 
ferric sulfate was kept. Then the mixture was 
examined for the formation of ferric oxide 
nanoparticles . 

Characterization of IO-NPs 

Initial identification of the biosynthesis 
success is the colour change, then the IO-NPs 
were evaluated in a 2 mL quartz cuvette with 
a 1 cm path length by measuring the 
wavelength of the reaction mixture in the UV-
Vis spectrum at a resolution of 1 nm. The 
samples were scanned at 500 nm min-1 across 
a wavelength range of 300-900 nm. The 
spectrophotometer was calibrated against a 
blank reference. The UV-Vis absorption 
spectra of all materials were measured and 
displayed (Hashim & AlKhafaji, 2018). 

The IO-NPs were examined using atomic 
force microscopy (AFM). A thin film of the 
nanoparticles was placed onto the glass slide's 
surface. The diameter, average size, and 
granularity of the biosynthesized 
nanoparticles were examined by scanning the 
deposited film with an AFM  . 

Detection of the antibacterial activity of 
biosynthesized IO-NPs 

The antibacterial activity of IO-NPs was 
detected using the agar well diffusion method 
against clinical C. freundii. The overnight 
bacterial culture broth was homogeneously 
inoculated onto Mueller-Hinton agar. The 
wells were then done with a gel borer. The 
wells were filled with the biosynthesized IO-
NPs nanoparticles in a concentration of 500 
µg.mL-1. After incubating the plates at 37°C 
for 24 hours, the inhibition zones around each 
well were measured (Logeswari et al., 2015). 

           The broth dilution method was used to 
evaluate the antibacterial activity of IO-NPs 
against clinical isolates.  The minimum 
inhibitory concentration (MIC) of IO-NPs 
was determined according to CLSI standards. 
IO-Nps dilutions (16-1000 µg.mL-1) were 
examined. Bacterial inoculum was adjusted to 
0.5 McFarland standard (1×108 CFU.mL-1,). 
Positive control composed of the bacterial 
isolate without IO-NPs. While the negative 
control consisted of the broth culture medium 
only. The inoculated tube was incubated at 
37°C for 24 hours, and the MIC was 
determined as the last tube showing no visible 
turbidity (Gurunathan et al., 2014).  

         The biosynthesized iron oxide 
nanoparticles were analyzed for their 
antibiofilm activity against foodborne and 
clinical bacterial isolates.  The procedure of 
Mohanta et al., (2020) was followed for this 
purpose. Serial dilutions of the biosynthesized 
IO-NPs were prepared (16-1000 µg.mL-1). A 
96-well TCP was used. The bacterial culture 
was inoculated in Tryptic Soy-glucose broth 
(TSB + 1% w/v glucose). Each TCP well was 
filled with 100 μL of broth medium and 100 
μL of IO-NPs; whereas the control wells were 
loaded with 100 μL of medium + 100 μL 
D.W.  Each concentration for the IO-NPs, that 
evaluated triplicate. The TCP was incubated 
for 24 hours at 37ºC. After the incubation 
period, a washing step was accomplished to 
remove the detached cells. Followed by a 
staining step using 0.1% (w/v) crystal-violet.  
Another washing step was adapted to remove 
any remaining stains. A drying step at room 
temperature was allowed before a 33% (v/v) 
acetic acid for 15 min. treatment. TCP was 
subjected to Eliza reader at 630 nm to detect 
the optical density of each well in the TCP. 
Table (1) clarified the estimation method that 
depended to evaluate biofilm formation.  
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Results & Discussion 

Isolation and identification 
     On MacConkey agar, two types of 
colonies were grown, pink and pale colonies: 
lactose fermenters and non-lactose 
fermenters. The pale colonies were neglected, 
while the pink colonies were further 
investigated for the biochemical 
characteristics. Vitek system was used to 
ratify the identification to species level and 
the results revealed that the isolated bacterium 
was Citrobacter freundii. Out of 120 food 
samples (40 Fish, 40 Chicken and 40 leafy 
vegetables) 16 isolates were isolated and 
identified as C. freundii (Fig. 2). The isolated 
foodborne C. freundii were from different 
food sources: 9 (56.25 %) from fish samples, 
5 (31.25 %) from chicken samples, and 2 
(12.50 %) from leafy vegetables (Fig. 3 & 4). 

 

Fig. (2): The incidence of C. freundii from 
each source of food 

 
Fig. (3):  Food-origin isolate of Citrobacter 

freundii on MacConkey agar (isolated from 
a fish sample) 

 

Fig. (4):  H2S Production by a food-origin 
isolate of Citrobacter freundii on S.S agar 
(to the left) in comparison with non-H2S 
producer K. pneumoniae (to the right) 

The results of this research showed that 16 C. 
freundii isolates were isolated from 120 
samples. With higher frequency in fish rather 
than chicken and leafy vegetables  . Gong et 
al. (2023) isolated pathogenic C. freundii 
from farmed fish in China. In a previous 
study, C. freundii was isolated from farmed 
catfish (Nawaz et al., 2008). According to 
Junior et al. (2018) C. freundii is an important 
pathogen causing severe economic losses in 
the fish farming. Liu et al. (2024) isolated C. 
freundii from fish and stated that this 
bacterium caused dysbiosis in the fish 
microbiome  . The isolation of bacterial 
contaminants from chicken was in the second 
stage, then followed by leafy vegetables as 
sources for C. freundii isolation. This may be 
an indicator for poor hyigenic practices with 
water source that used in the irrigation of 
these crops. In addition to the use of organic 
fertilizers which represents an ideal 
environment for this pathogen. C. freundii is a 
member of the enterobacteriaceae family, 
inhabits the intestine of animals.  This opinion 
was supported by a  neighboring study in Iran 
(Aminharati et al., 2019). Previous local 
studies isolated foodborne C. freundii from 
domestic and imported chicken meat (Hashim 
& AlKhafaji 2018). Bacterial ability to form 
biofilm was detected using two methods: 
Congo red agar and Tissue culture plate. 
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Results conducted by this study showed the 
ability to form a slime layer and biofilm 
model of life (Fig. 5 & 6). 

 

Fig. (5): Congo red agar cultured with 
foodborne Citrobacter freundii, black 

coloration indicates the strong slime layer 
production 

 

Fig. (6): Foodborne Citrobacter freundii 
Biofilm under Electron microscope 

 

The adherence ability of C. freundii is still 
under research as compared to other members 
of the Enterobacteriaceae family. This was 
stated by Ramos-Vivas et al. (2020) when 
they studied the adherence ability of C. 
freundii isolated from the hospital 
environment and implants.  This ability to 
form biofilm greatly affects antibiotic 

sensitivity and eventually leads to recurrent 
infections (Borges et al., 2015) 

Ferric oxide nanoparticles biosynthesis   

The biological method used in this research 
gave a positive result for a safe,  rapid, and 
cheap method to synthesize ferric oxide 
nanoparticles using C. freundii filtrate. The 
biosynthesized IO-NPs were characterized by 
colour change, UV, AFM, and scanning 
electron microscope (SEM) (Fig. 7). 

 

Fig. (7): The change in colour represents 
the first indicator for nanoparticle  

formation in the reaction vessel 

The appearance of black precipitate is the first 
insight into the formation of Magnetic Fe3O4-
NPs. Hamdy et al. (2022) reported that the 
first indicator for the formation of Fe3O4-NPs 
was the black precipitate. The next step for 
the nanoparticles characterization was the 
AFM analyses. The results of this work 
conducted for the biosynthesis of Fe3O4-NPs, 
shown an average diameter of 32.86 nm (Fig. 
8, Table 2, and Fig. 9). 
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Fig. (8): Biosynthesized Fe3O4-NPs under atomic force microscope (Three-dimensional image) 

 
Table 2: The report of the granularity cumulation distribution of biosynthesized Fe3O4-NPs 
 

Average diameter <=10% Diameter <=50% Diameter   <=90% Diameter 

32.86 nm 16.00 nm 30.00 nm 50.00 nm 

 
 
 

 
 

Fig. (9): Biosynthesized Fe3O4-NPs under Scanning Electron microscope  

 

The conditions for the process of Fe3O4-NPs 
biosynthesis were optimized for this work. 
The optimized conditions included important 

factors. The results exhibited that: pH 11, 
Temp. 50 and period 24h. were the optimum 
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conditions for the Fe3O4-NPs biosynthesis process (Table 3).  
 

Table 3: Optimization results of the parameters included in this study 
 

pH   Diameter of 
the resulted 
Fe3O4-NPs 

Incubation 
period 
(hours) 

Diameter of 
the resulted 
Fe3O4-NPs 

Temperature  Diameter of 
the resulted 
Fe3O4-NPs 

5 76  nm 24 30 nm 4   °C negative  
7 negative 48 91 nm 37 °C 82 nm 
11 32.86 nm 72 negative  50 °C 30 nm 

 
Ferric oxide nanoparticles were synthesized in 
optimized conditions which led to the 
formation of Fe3O4-NPs in an average 
diameter of 32.86 nm.  A previous local study 
conducted that the minutest nanoparticles 
were biosynthesized using Pseudomonas  
isolate at 30 °C at pH 6 (Abbas and Flayyih 
2019). Another study used banana peels to 
synthesize nanoparticles using microwave 
irradiation. The peels served as stabilizing and 
capping agent in addition to playing a role in 
the reduction process (Tawfeeq et al. 2017). 
Almudhafar and Al-Hamdani, (2022) 
synthesized the nanoparticles from plants and 
stated the colour change which was as 
concentration dependent a first synthesis 
indicator. 

Antibacterial activity of Fe3O4-NPs  

In this study, the synthesized Fe3O4-NPs 
exhibited antimicrobial activity against C. 
freundii. Nanoparticles inhibited inhibited 
both life forms of bacteria: free living and 
biofilm-associated. Minimum inhibitory 
concentration of the biosynthesized Fe3O4-
NPs was determined as 125 µg.mL-1. A 
subinhibitory concentration of 62.5 µg.mL-1 
along with lower concentrations was 

experienced for their antibiofilm activity. 
Antibiofilm activity was determined 
according to the percentage of reduction in 
the biofilm formation by foodborne and 
clinical C. freundii isolates. So the results of 
this study showed that clinical isolates 
required a higher concentration of Fe3O4-NPs 
to inhibit their biofilm. This concentration 
was higher than that needed to inhibit biofilm 
formation by the foodborn C.freundii isolates. 
A concentration of 125 µg.mL-1 of Fe3O4-NPs 
resulted in a 94 % decrease in the biofilm 
formation by foodborne C. freundii. At 62.5 
µg.mL-1 biofilm formation was reduced by 79 
%, while  31.25 µg.mL-1 led to a 65% 
reduction. Finally a concentration of 15.62 
µg.mL-1 resulted in a 53 % decrease in 
biofilm formation by foodborne C. freundii. 
For the clinical isolates, 125 µg.mL-1 of 
Fe3O4-NPs resulted in an 80 % decrease in 
biofilm formation by clinical C. freundii. At 
62.5 µg.mL-1, biofilm formation was reduced 
by 71 %, while 31.25 µg.mL-1 led to a 55 % 
reduction. Lastly a concentration of 15.62 
µg.mL-1 resulted in a 37 % decrease in 
biofilm formation by clinical C. freundii with 
significant difference (p≤0.05) compared to 
the control (Fig. 10). 
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Fig. (10): The antibiofilm activity of biosynthesized Fe3O4-NPs against clinical and foodborne 
C. freundii as measured by ELIZA technique 

 

Local studies in nanotechnology showed that 
the sub-inhibitory concentrations of 
nanoparticles exhibit an anti-biofilm activity 
against Gram-negative bacteria (Al-Khafaji, 
2017). This antibiofilm effect is attributed to 
the ability of NPs to penetrate biofilms, which 
offers a practical approach for disrupting 
biofilm formation. Biofilms, often resistant to 
conventional antimicrobial treatments, pose a 
significant challenge in clinical settings 
(Saleh, 2020). The capacity of NPs to 
infiltrate these complex structures not only 
prevents the initial formation of biofilms but 
also increases the effectiveness of 
antimicrobial agents, providing a promising 
strategy for combating persistent bacterial 
infections. 
Ferric-oxide nanoparticles may interact with 
bacterial cell membranes, but their 
mechanism differs slightly from silver 
nanoparticles (AgNPs). When IO-NPs come 
into contact with bacterial cells, they can 
generate reactive oxygen species (ROS), 
which induce oxidative stress within the 

bacteria. This oxidative stress can damage 
various cellular components, including lipids, 
proteins, and DNA. 
Unlike AgNPs, which cause bacteria to 
aggregate as a protective mechanism for their 
DNA, IO-NPs primarily disrupt the bacterial 
cell membrane. They also interfere with 
metabolic processes. The ROS generated by 
IO-NPs can lead to bacterial cell death by 
impairing key cellular functions and causing 
DNA damage directly. Nevertheless, bacteria 
do not usually aggregate in response to IO-
NPs as they do with AgNPs. This is because 
the main stressor is oxidative damage rather 
than direct nanoparticle-DNA interaction 
(Gupta et al., 2024). 
Nanoparticles are important antimicrobial 
agents due to their small size with high 
surface area (Ansari et al., 2019). 
Nanoparticles can be synthesized by several 
methods, one them the oldest techniques is 
chemical synthesis. This technique which is 
the most practical and rapid simple way to 
synthesize nanoparticles. But on the other 
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hand, chemical synthesis involves the use of 
hazardous chemicals which can pose 
significant environmental and health risks 
(Banjara et al., 2024).  
The green synthesis of nanoparticles is an 
ecofriendly cost-effective technology.  It 
substitutes hazardous chemicals with safe 
biological agents such as plants and bacteria 
(Gupta et al., 2023). Green technology 
applications caused an increase in plant 
resistance to pathogenic bacteria (Abdul-
Karim & Hussein 2022, Alkhafaji et al., 
2024). As a result of the dual use of 
antimicrobials in farming settings, increased 
drug resistance raised among foodborne 
bacteria. (Rodríguez-Félix et al., 2022). 
Thanigaivel et al. (2015) documented the 
need for alternative therapy to overcome the 
economic loss in fish farming. In their study, 
they used neem extract to control the virulent 
strains of food-borne C. freundii (Thanigaivel 
et al., 2015). Kumar et al. (2022) reported the 
importance of using IO-NPs in the fish 
farming. In a concentration dependent 
manner, IO-NPs inhibited fish pathogens and 
consequently reduced the economic loss. 
Another important application of 
nanotechnology in food preservation is nano-
materials addition to foods to extend their 
shelf-life and prevent deterioration (Karnwal 
& Malik, 2024).   

Conclusion 
 The unexpected results of this work 
underscore the need to pay closer attention to 
foodborne pathogens like C. freundii. While 
they may appear less resistant, their ability to 
form biofilms at lower concentrations of 
Fe3O4-NPs. They still poses a significant risk, 
particularly in the context of food safety. The 
relatively lower resistance might allow these 
pathogens to thrive unnoticed in food 
production environments, leading to 
contamination and outbreaks. Shifting the 
research focus toward foodborne isolates 

could reveal important insights into 
preventing biofilm formation in the food 
industry. Thus safeguarding public health and 
preventing foodborne infections from 
becoming a larger issue. The clinical isolates 
required a higher concentration of Fe3O4-NPs 
to effectively inhibit their biofilms compared 
to the foodborne C. freundii isolates, which 
were inhibited at lower concentrations. This 
suggests that the biofilms formed by the 
clinical isolates are more resistant to the 
Fe3O4-NPs treatment than those from 
foodborne sources.  The predictable 
application of this work lies in improving 
food safety, mainly in inhibiting foodborne 
infections. The outcomes recommend that 
foodborne C. freundii isolates, despite 
appearing less resistant, can form biofilms at 
lower concentrations of IO-NPs, posing a 
considerable risk in food production 
environments. Shifting the research 
application to foodborne isolates might offer 
valuable insights into approaches to inhibit 
biofilm formation, thereby defense public 
health and reducing the risk of contamination 
and outbreaks in the food manufacturing. 

Limitations of the study 

and Sustainability spotlight 

The application of nanomaterials in different 
scientific and technological fields is spreading 
widely. However, one of the major drawbacks 
that has impeded their intensive application is 
the way they are produced, i.e., normally, 
their synthesis implies the use of toxic 
reactants and the generation of potentially 
dangerous by-products. Hence, green 
nanotechnology has recently emerged as a 
potential solution for the synthesis of 
nanomaterials. This work has the objective to 
produce Fe-nanoparticles using bacterial 
isolates as natural biofactories.  

The significant limitation of this work is that 
the biosynthesized Ferric oxide nanoparticles 
were implicated in impeding the clinical and 
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foodborne C. freundii growth. While the 
previous studies focused on the clinical 
isolates only. Another important limitation 
point is the use of foodborne C. freundii as a 
biofactory for the green sustainable synthesis 
of IO-NPs.  
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  Citrobacter freundii المنشأ غذائ�ة ال�كتر�ا �استخدام النانو�ة الحدید او�سید لدقائق الحیوي  التصن�ع

  المثلى الظروف تحت
 3* , مختار جواد كاظم 2*, رغدان ھاشم محسن 1*مروى حمید مطشر الخفاجي 

 بغداد, بغداد , العراققسم علوم الحیاة, كلیة العلوم, جامعة 1
 قسم الانتاج الحیواني, كلیة الزراعة, جامعة البصرة, البصرة, العراق2

 كلیة علوم الھندسة الزراعیة ,جامعة بغداد, بغداد, العراق3
 

 للدقائق  الحیوي  التصنیع  عملیة  تصف  التي  الاساسیة  المبادئ  ھي  للبیئة  والصدیقة  الخضراء  والتكنولوجیا  الاستدامة  :صستخلالم
 ضد  للمیكروبات   مضادة  كعوامل  النانویة  الحدید  أوكسید   جسیمات   استخدامكان الھدف من ھذا العمل ھو  .  الدراسة  ھذه  في  النانویة
 الأصل  ذات  الأطعمة  من  عینة  120  تضمین  تم.  المشكلة  لھذه  واعد   حل  ھوو  الحیویة  للمضادات  المقاومة  الأمراض  مسببات

 التصنیع   في  ذلك  بعد  لاستخدامھا  بدقة  المنشأ  غذائیة  Citrobacter freundii  وتشخ�ص  عزل  تم.  الدراسة  ھذه  في  الحیواني
  تم   حیث.  مختلفة  اختبارات  باستخدام  النانویة  الحدید  أوكسید  جسیمات  وتوصیف  تصنیع  تم.  النانویة  الحدید  أوكسید  لجسیمات  الحیوي
. والسریریة  بالغذاء  المنقولة  البكتیریة  العزلات  ضد  للمیكروبات  المضاد  نشاطھا  اختبار  تم.  أساسیة  كتقنیة  الذریة  القوة  مجھر  اعتماد
 تمنع .  مغناطیسیة  خصائص  مع  نانومتر  32.86  بقطر  كانت  المصنعة  النانویة  الحدید  أوكسید  جسیمات  أن  الدراسة  ھذه  نتائج  كشفت

 .C  أن  الاستنتاج  یمكن.  والسریریة  الغذائیة  العزلات  من  لكل  الحیویة  الأغشیة  تكوین  حیویًا  المصنعة  النانویة  الحدید  أكسید  جسیمات
freundii  یقوم   بحث  أول  ھو  ھذا.  بیولوجیًا  النشطة  النانویة  المواد  لھذه  الحیوي  التصنیع   في  ممتاز  اختزال  عامل  المنشأ  غذائیة  

 نانو   من  اعلى  جرعة  السریریة  العزلات   تطلبت.  المنشأ غذائیة  C. freundii  بواسطة  الحدیدیك  أوكسید  من  نانویة  جسیمات  بتصنیع
 الا   الدنیا  المقاومة  ھذه   وبرغم.  اقوى  لعلاجات  الحاجة  یستدعي  مما,  بالغذاء  المحمولة  للعزلات  الحیاتي  الغشاء  لتثبیط  اللازم  الحدید

 تطویر  یمكن  الغذائي  و  السریري  المصدرین  كلا  مخاطر  على  وبالوقوف.  التلوث  إحداث  خطر  تمتلك  لازالت  الغذائیة  العزلات  ان
 .الغذائي والامن للمیكروبات المضادة العلاجات

 . الغذائي الأمن, للبیئة صدیق,  حدید, النانو تقنیة, غذاء: المفتاحیة  الكلمات


