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Abstract

Background: Plant extract -mediated green synthesis has gained important attention due to its friendly of 
environmental nature and cost is low. Also, it may be used as an alternative method treatment of antibiotics 
resistance in bacteria. Objective: The current study aimed to biosynthesize zinc nanoparticles from an 
aqueous extract of Lawsonia inermis and determine their effectiveness on bacteria and biofilms. 
Methodology: This was a cross-sectional study that was conducted in the Department of Biology, College 
of Science, University of Tikrit, Tikrit, Iraq, from May 2025 to December 2025. A sterile swabs used to 
collect samples from wounds of diabetic foot ulcers of Fifty patients swabs cultured on Mannitol salt agar 
and Gram-staining, and a series of biochemical tests and VITEK-2 technique A susceptibility test was 
conducted for seven antibiotics while Biofilm formation detect by Congo red and Microtiter plate Methods, 
the bio-synthesis of Zinc nanoparticles characterized by devices include UV-Vis spectroscopy, scanning 
electron microscopy (SEM), FTIR spectroscopy. The inhibition effect of concentrations (25.0%, 50.0%, 
75.0%, and 100.0%) of nanoparticles against the bacterial isolates was detected also detect effect 
ant-biofilm of these nanoparticles through SubMIC concentrations (25.0%, 50.0%, 75.0%. Results: 
Staphylococcus aureus isolates appeared resistance to most seven antibiotics except one isolate was 
sensitive to Meropenem and Levofloxacin, Zinc nanoparticles green synthesized using Hena aqueous 
extract showed high absorbance at 372 nm, with a spherical shape and sizes ranging from (19.17 -45.33) 
nm, FTIR analysis indicated a range of at (677.95 to 3416.85) cm⁻¹, The antibacterial activity was appeared 
zone inhibition to Staphylococcus aureus between (15-17) mm also results showed bacterial colony black 
color on Congo red agar and value numbers (0.445-0.621) by Microtiter method before treat with Zinc 
nanoparticles while after treat bacteria with Zinc nanoparticles lack black colony and value numbers 
decrees. Conclusions: Biosynthesized zinc nanoparticles showed activity as antibacterial effect synthesis 
from aqueous extract of Lawsonia inermis. Therefore, it may suggest their potential as a novel therapeutic 
approach as an antibacterial agent. [Bangladesh Journal of Infectious Diseases, June 2026;13(1):331-340]
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Introduction
The increasing emergence of multidrug-resistant 
bacterial pathogens, usually resulting from the 
indiscriminate use of antibiotics, is causing 

infectious diseases. This has directly impacted 
public health and the economy due to the rise in 
healthcare expenditures for treating patients with 
these diseases1. Therefore, there is a pressing need 

to find alternatives to antibiotics to replace those 
ineffective against resistant bacteria, such as Staph. 
aureus, a major clinically significant lead to 
different infectious diseases2. From minor skin 
infections include cellulitis and abscesses and to 
more threat- infections such as endocarditis, sepsis, 
osteomyelitis, pneumonia, syndrome also UTIs3. It 
related to antibiotic resistance and production of 
biofilms represent a serious public health and 
complicated the treatment of infections caused by 
these bacteria4. In context, nanotechnology has 
emerged as a promising approach to address 
challenge of antibiotic resistance5.
Nanoparticles are three-dimensional particles 
ranging in size from 1 to 100 nanometers6, several 
types of nanoparticles including Fe3O4, TiO2, 
CeO2, and ZnO2 have significant importance due to 
their bioavailability and low cost7. These particles 
can be synthesized from various environmentally 
friendly sources, including bacteria, fungi, algae, 
and plant components8 zinc nanoparticles 
synthesized from plant extracts exhibit antibacterial 
activity compared to conventional treatments9 
Therefore, the study aimed to determine effect of 
biosynthesized zinc nanoparticles on 
Staphylococcus aureus growth and biofilm 
production.

Methodology
Study Design: This was a cross-sectional study 
which was conducted in the Department of biology, 
College of Science, University of Tikrit, Tikrit, Iraq 
from May 2025 to December 2025. A sterile swabs 
used to collect samples from diabetic foot ulcers of 
Fifty patients (34) male and (16) female arrived to 
Tikrit Teaching Hospital in Tikrit City from the 
period of May 2025 to December 2025 then swabs 
samples transfer to Microbiology Laboratory of 
Tikrit Teaching Hospital, Iraq and cultured on 
Mannitol salt agar and Gram-staining, and a series 
of biochemical tests include catalase and coagulase 
test also identified by using VITEK-2 technique 
(BioMérieux, France). Then detect antibiotics 
sensitivity test of staph. aureus and Biofilm 
formation.
Antibiotic Resistance Test: The Kirby-Bauer 
method detected the resistance of bacterial isolates 
to seven antibiotics (Manufacture Company, 
Bioanalyse, Turkey), following the methodology10,11 
(Table 1). Bacterial suspension was adjusted to 
match the McFarland 0.5 standard; it was spread on 
Mueller-Hinton agar (Oxweed, England) using a 
sterile swab. The inoculated plates were left for five 
minutes, then antibiotic discs were transferred to the 

plate surface using sterile forceps. Then petri plates 
were incubated in an incubator for 24 hours at 37°C. 
The results were interpreted according to the 
guidelines of the Clinical and Laboratory Standards 
Institute (CLSI).
Qualitative method of Biofilm production: 
Congo Red Agar method used to detect Biofilm 
production like qualitative method12 bacterial 
suspension (1×108) inoculated on plates by sterile 
lobe, then plates incubated for 24 hours at 37°C, the 
result appeared colony Black, indicate production 
biofilms while colony red color negative result. 
Quantitative method of Biofilm production: 
Microtiter plate assay used according to a study13, 
added 200 μL/well of the prepared   bacterial 
suspension (1×108) to A sterile 96-hole microtiter 
plates used to detect ability of bacteria produce 
biofilm. After incubation at 37°C for 48 hours then 
washed well used by sterile phosphate-buffered 
saline (PBS) gently after that plates a dry it in oven 
at 60°C for 60 minutes the well of plate staining by 
added 200 μL of 0.5% (w/v) crystal violet solution 
and let it 15 minutes, remove   stain through rinsed 
off with sterile distilled water. And dried plate a 
37°C incubator for 30 minutes. Finally, add 200 μl 
of 96.0% ethanol to each well, and then detect 
biofilm biomass by measuring optical density at the 
appropriate wavelength
Green synthesis of Zinc nanoparticles: The 
solution extract of plant and zinc with synthesis 
method was according to the studies with some 
modifications14,15.
Preparation of Lawsonia inermis plant extract 
and Zinc Solution: The plant extract of henna (Buy 
them from local markets (was prepared by weighing 
10 grams of henna powder and heating it in 100 ml 
of deionized distilled water placed in a 250 ml 
volumetric flask and heating it for 5 minutes in a 
water bath. Then the extract was filtered using 
Whitman filter paper, while, a zinc nitrate solution 
was prepared at a concentration of 0.1 M (Zn 
(NO3)2.6H2O) by dissolving it at 60°C (prepared 
by Merck, Germany) and stored in an opaque bottle 
at 4°C B-Synthesis Zinc nanoparticles Zinc 
nanoparticles were manufactured by gradually 
adding 10 ml of aqueous henna extract to 90 ml of 
zinc nitrate solution at 70°C with continuous 
stirring through a magnetic stirrer until a color 
change occurred, which lasted 30 minutes.
Characterization of Zinc Nanoparticles: Zinc 
nanoparticles generated with Lawsonia inermis 
extracts were analyzed through used UV–vis 
spectroscopy for detect nanoparticles (Shimadzu, 
Tokyo, Japan), SEM (Gallenkamp, England), FTIR 

spectroscopy (Shimadzu, Germany), and 
characterized according to protocols16. Screening of 
Zinc Nanoparticles as Antibacterial agent. The 
antibacterial activity of zinc nanoparticles was 
determined using the well diffusion method against 
Staphylococcus aureus, according to studies by17 
bacterial suspension, stabilized with McFarland's 
solution 1 × 10⁸, was spread on Mueller-Hinton agar 
using a sterile cotton swab. The plates were left to 
stand for 15 minutes, then wells (6 mm in diameter) 
were prepared using a sterile cork drill, one hundred 
µLof zinc nanoparticles (25.0%, 50.0%, 75.0%, and 
100.0%) was added (one concentration each well). 
Additionally, 100 µL of sterile distilled water was 
added to one well as a negative control. The Petri 
dishes incubated at 37°C for 24 hours After 
incubation, the diameters of the inhibition zones 
that formed around those wells were recorded.
Antibiofilm Effect of Zinc Nanoparticles: Effect 
Zinc nanoparticles on biofilm of Staphylococcus 
aureus detect through:
Qualitative Method: The Congo red agar used to 
detect  effect zinc nanoparticles on biofilm 
formation through Added 120 μL of bacterial 
suspension (1×108) to 80 μL zinc nanoparticles 
concentrations (25.0%, 50.0%,75.0%) in test tubes 
sterilized (tube each concentration), Then tubes 
incubated at 370 C for 24 hours, after that 5 
microliter for each tube transfer by micropipette to 
Congo red plates incubated at 370 C for 24 hours18.
Quantitative Method: Microtiter plate method was 
used to determined zinc nanoparticles effect on 
production biofilms of Staphylococcus aureus 
according to19 with some modifications, 100 μL of 
bacterial suspension (1×108) added to each well of 
plate,  after that added 100 μL of concentrations 

zinc nanoparticles SubMic (25.0%, 50.0%,75.0%) 
then incubated at 37°C for 24 hours after incubated 
time bacterial solution removed, and well washed 
twice by used phosphate buffer solution and dried it 
then added for each well 200 μL of 1.0%  stain 
crystal violet solution. escape stain, added 200μL of 
absolute ethanol, calculated OD through used an 
ELISA reader at 630nm, the medium Brain heart 
infusion broths used as a negative control.
Statistical Analysis: The study results do not 
require statistical software; only percentages were 
used in the reported results of the study 
Ethical Consideration: Ethical Consideration was 
conducted according to the Declaration of Helsinki 
with formal Ethics approval from the Biology 
Department, College of Science, Tikrit University, 
Salah al-Din, Iraq (Approval No. 0422; on 23 April 
2025). Also, written informed consent was obtained 
from all author participants.

Results
Bacterial Isolates of Staphylococcus aureus: Only 
nine bacterial isolates of Staphylococcus aureus 
18.0% of total fifty swabs samples taken from 
patients appeared results while others not  
Antibiotic Resistance Profile: Four bacterial 
isolates of Staphylococcus aureus in this study  
showed resistance to seven types antibiotics while 
other isolates five isolates showed sensitivity to 
antibiotics in the study (Table 1).
The results of the zinc biosynthesis include a color 
change to yellow and characterization of zinc 
nanoparticle formation through ultraviolet 
spectroscopy examination, which showed an 
absorption peak at 372 nm (Figure IA&B). 

The size of zinc nanoparticles was detected by using 
scanning electron microscope examination, 

showing a spherical shape and a size range from 
19.17 to 45.33 nm (Figure II).

While FTIR analysis detects bands at 677.95, 
1383.76, 1637.34, 2077.06, and 3416.85 cm⁻¹ 
(Figure III).
Screening of Zinc Nanoparticles as an 
Antibacterial Agent: All concentrations of zinc 
nanoparticles showed inhibitory activity against 
multidrug-resistant Staphylococcus aureus and 
increase zone inhibition according to increase 
concentration the rang zone inhibition (15 to 17) 
mm (Table 2, Figure IV). 

Screening bacterial   Biofilm and antibiofilm of 
Zinc Nanoparticles 

Congo Red Agar Method: Total nine isolates four 
isolates produce strong to biofilm while others 
weak, Staphylococcus aureus four isolates showed 
color black colony on plate Congo red agar while 
showed red color after bacteria treat with SubMic 
(25.0%, 50.0%,75.0%) zinc Nanoparticles (Figure 
V).
Microtiter Plate Method: The biofilm formation of 
Staph. Aureus before treating with zinc 
nanoparticles at concentrations according to 
absorbance value between 0.621 to 445 AU 
compare with absorbance values which decrease 
after treating Staphylococcus aureus isolates with 
SubMic (25.0%, 50.0%,75.0%) concentration zinc 
nanoparticles appeared rang (0.112 to 0.067) AV 
(Table 3).

Discussion
Diabetic foot ulcers are a major complication of 
diabetes. If left untreated, these ulcers and wounds 
can lead to more serious complications, including 
osteomyelitis, gangrene, and amputation. Surgery and 

antibiotic therapy are used to control these infections, 
especially bacterial ones. Males were found to have a 
higher incidence of these infections compared to 
females; this may be attributed to the role males play 
in outdoor activities that can lead to work-related 
injuries and ulcer development. Similarly, the 
majority of participants with diabetic foot ulcer 
infections were between 50 and 60 years old, 
consistent with a study20. The infections are caused by 
several types of bacteria, including Staphylococcus 
aureus, which is the predominant Gram-positive 
strain, consistent with the observation21 
Gram-positive bacteria 41 (32.0%). Among the 
isolated bacteria, the most predominant bacteria were 
Staphylococcus aureus 25.19% (32/127)
The resistance of four isolates of Staphylococcus 
aureus to antibiotics was very high, reaching 100% 
resistance to all antibiotics except for one bacterial 
isolate, which was sensitive to meropenem and 
levofloxacin. This is similar to the results of a study22, 
which observed that Staphylococcus aureus bacteria 
isolated from urine samples exhibited high levels of 
resistance to cefotaxime 100.0% and levofloxacin 
53.0% while meropenem and ampicillin 76.0%. Also, 
resistance to cefixime (48.6%), amikacin (52.9%), 

meropenem (44.3%), and levofloxacin (64.3%). 
Congdon et al23 also observed 100.0% resistance to 
ampicillin, cefoxitin (78.6%), and Amikacin (73.8%), 
while meropenem showed resistance (19.0%).
Bacteria have different mechanism to Resistance 
antibiotic include Resistance to β-lactam antibiotics 
as penicillin is associated with ability to inhibit 
synthesis bacterial cell wall. All beta-lactam 
antibiotics act on PBPs (penicillin-binding proteins). 
Also, Modifications of PBPs one of resistance 
mechanisms of β-lactam antibiotics. Bacteria reduce 
affinity to PBPs and increase expression of 
β-lactamase led to hydrolysis of β-lactam ring of 
antibiotics24 While aminoglycoside antibiotics such 
amikacin resistance bacteria due to produce 
aminoglycoside -modifying enzymes led to hydrolyze 
susceptible bonds like esters and amides in 
aminoglycosides groups25.
Fluoroquinolone antibiotics resistance as levofloxacin 
antibiotic mediated mutations in DNA gyrase enzyme 
and topoisomerase genes26, another mechanism 
include Modification of metabolic pathways as 
antibiotic Trimethoprim-sulfamethoxazole through 
absence or alteration of para-aminobenzoic acid, was 
a precursor to nucleic acid and synthesis folic acid, 
allows bacteria to overcome inhibitory effects of 
antibiotic targeting these pathways27. 
Zinc Nanoparticles Synthesis: Color change is the 
first step in the formation of zinc nanoparticles. A 
pale-yellow color was observed, a result consistent 
with that obtained by an author14 who observed a 
color change in henna extract after adding zinc 
nitrate. Similarly28, also found a color change from 
dark brown to pale yellow in henna after adding zinc 
nitrate. It is known that the plant is rich in active 
compounds, including flavonoids, saponins, 
methylxanthines, and phenolic acids, which act as 
reducing and capping agents and play a role in 
nanoparticle synthesis29. The reduction of the metal 
ion also occurs through a mixture of bioactive 
substances in the plant extract, including proteins, 
enzymes, and polysaccharides28.
Confirming the formation of nanoparticles requires 
tests that determine the optical properties of zinc 
nanoparticles using UV spectroscopy. An absorption 
band of 372 nm was obtained, similar to that of15 
(395 nm), which indicates the synthesis of zinc 
nanoparticles, suggesting the formation of zinc 
nanoparticles from henna extract30. Exhibited a 
prominent absorption band at approximately 385 nm, 
a characteristic feature of zinc oxide nanoparticles. 
This band is used to describe zinc nanoparticles. The 
absorption range exhibited by zinc nanoparticles is 
influenced by surface plasmon resonance (SPR)31. 

Furthermore, plant chemical compounds contributed 
to the reduction of zinc ions and acted as stabilizing 
agents32.  The sizes of the zinc nanoparticles were 
determined to be in the range of (19.17 to 45.33) nm, 
which is similar to what15 found, where zinc 
nanoparticles ranged in size from 5 to 50 nm33. 
Observed zinc nanoparticle sizes of 40 to 70 nm, 
which is similar to our results.
The important functional groups involved in the 
reduction and stabilization of zinc nanoparticles were 
identified using FTIR; the results of the current study 
are similar to those obtained by34   who observed 
peaks at 538.39 cm⁻¹, 1,637.54 cm⁻¹, and 3,415.04 
cm⁻¹. They are also similar to those found by14, 
where the band 1618.92 cm⁻¹ indicates C=C in the 
aromatic ring, while 1,344.98 cm⁻¹ indicates C-N 
extension of amide-I protein compounds. The band at 
3422 cm⁻¹ could indicate O–H hydroxyl groups 
associated with polyphenols of the plant extract, 
which contribute to the biosynthesis of zinc 
nanoparticles, while the band at 664 to 676 cm⁻¹ 
indicates the aromatic ring35. 
The active compounds that plant extracts typically 
possess play a role in the reduction, stabilization, and 
capping of zinc nanoparticles. These include phenols, 
amines, alkenes, alcohols, and carboxylic acids36. 
Antibacterial effect of zinc nanoparticles: The 
inhibitory effect of zinc nanoparticles against 
Staphylococcus aureus bacteria showed an increase 
with increasing nanoparticle concentration; similar to 
a study37 it was observed, zone inhibition (15 to 26 
mm for S. aureus at 40 µg mL−1). Also, 38 found that 
the inhibitory diameter of zinc nanoparticles against 
Staphylococcus aureus was about 27 mm; 39 also 
noted the role of zinc nanoparticles in inhibiting 
Staphylococcus aureus.
Zinc oxide nanoparticles exhibit antibacterial activity, 
particularly against Gram-positive bacteria. Their 
increased antibacterial efficacy may be attributed to 
their ability to produce reactive oxygen species 
(ROS), such as hydrogen peroxide (H₂O₂), which can 
readily penetrate the bacterial cell membrane, leading 
to cell death40. The increased ROS production, 
resulting from the large surface area-to-volume ratio 
of zinc nanoparticles, further enhances their 
antibacterial activity41. In the presence of 
nanoparticles, zinc ions are released directly and bind 
to the cell membrane. This process leads to damage to 
genetic material and the breakdown of proteins, as 
well as the respiratory chain and enzyme synthesis. 
By interfering with the thiol group of enzymes, it 
leads to bacterial death42,43.
Screening Bacterial Biofilm and Antibiofilm of Zinc 
Nanoparticles: Staphylococcus aureus is a bacterium 

that poses a threat to human health due to its 
increasing resistance to antibiotics and its ability to 
produce biofilms. However, this biofilm production 
was reduced after treatment with zinc nanoparticles 
using both microtiter plate and Congo red agar 
methods. These results are similar to those found in a 
study39 who observed that biofilm production by 
Staphylococcus aureus was reduced by 91.0% after 
treatment with zinc nanoparticles using the microtiter 
plate. This also aligns with the findings of another 
study44, which observed that 99.0% of Staphylococcus 
aureus isolates produced biofilms before treatment 
with zinc nanoparticles but lost this ability after 
microtiter plate treatment. Similarly, Staphylococcus 
aureus was found among the biofilm-producing 
isolates using both Congo red and microtiter plate 
methods. These findings are consistent with those of 
Mendes et al45, who found that the biofilm produced 
by Staphylococcus aureus was reduced after treatment 
with zinc nanoparticles using the microtiter method. 
Zinc nanoparticles influence the formation of the 
exopolysaccharide layer, which plays a role in 
bacterial adhesion to host cells and biofilm 
development.
Zinc nanoparticles can penetrate the bacterial cell 
wall and kill the bacteria46. Metallic nanoparticles 
play a crucial role in controlling biofilm production 
due to their physicochemical properties47. The 
anti-biofilm effect of metallic nanoparticles can be 
achieved by penetrating the bacterial cell wall and 
interfering with the extracellular polymer matrix of 
the biofilm48. They can also disrupt the quorum 
sensing mechanism49. The activity of reactive oxygen 
species (ROS) on these nanoparticles is known to 
induce bacterial membrane damage. Oxidative stress 
resulting from ROS leads to the production of free 
radicals, including hydroxyl radicals, hydrogen 
peroxide radicals, and superoxide radicals, which 
damage bacterial DNA and protein structures50.

Conclusion
Biosynthesized zinc nanoparticles showed activity as 
antibacterial effect synthesis from aqueous extract of 
Lawsonia inermis. Therefore, it may suggest their 
potential as a novel therapeutic approach as an 
antibacterial agent.                                           
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Introduction
The increasing emergence of multidrug-resistant 
bacterial pathogens, usually resulting from the 
indiscriminate use of antibiotics, is causing 

infectious diseases. This has directly impacted 
public health and the economy due to the rise in 
healthcare expenditures for treating patients with 
these diseases1. Therefore, there is a pressing need 

to find alternatives to antibiotics to replace those 
ineffective against resistant bacteria, such as Staph. 
aureus, a major clinically significant lead to 
different infectious diseases2. From minor skin 
infections include cellulitis and abscesses and to 
more threat- infections such as endocarditis, sepsis, 
osteomyelitis, pneumonia, syndrome also UTIs3. It 
related to antibiotic resistance and production of 
biofilms represent a serious public health and 
complicated the treatment of infections caused by 
these bacteria4. In context, nanotechnology has 
emerged as a promising approach to address 
challenge of antibiotic resistance5.
Nanoparticles are three-dimensional particles 
ranging in size from 1 to 100 nanometers6, several 
types of nanoparticles including Fe3O4, TiO2, 
CeO2, and ZnO2 have significant importance due to 
their bioavailability and low cost7. These particles 
can be synthesized from various environmentally 
friendly sources, including bacteria, fungi, algae, 
and plant components8 zinc nanoparticles 
synthesized from plant extracts exhibit antibacterial 
activity compared to conventional treatments9 
Therefore, the study aimed to determine effect of 
biosynthesized zinc nanoparticles on 
Staphylococcus aureus growth and biofilm 
production.

Methodology
Study Design: This was a cross-sectional study 
which was conducted in the Department of biology, 
College of Science, University of Tikrit, Tikrit, Iraq 
from May 2025 to December 2025. A sterile swabs 
used to collect samples from diabetic foot ulcers of 
Fifty patients (34) male and (16) female arrived to 
Tikrit Teaching Hospital in Tikrit City from the 
period of May 2025 to December 2025 then swabs 
samples transfer to Microbiology Laboratory of 
Tikrit Teaching Hospital, Iraq and cultured on 
Mannitol salt agar and Gram-staining, and a series 
of biochemical tests include catalase and coagulase 
test also identified by using VITEK-2 technique 
(BioMérieux, France). Then detect antibiotics 
sensitivity test of staph. aureus and Biofilm 
formation.
Antibiotic Resistance Test: The Kirby-Bauer 
method detected the resistance of bacterial isolates 
to seven antibiotics (Manufacture Company, 
Bioanalyse, Turkey), following the methodology10,11 
(Table 1). Bacterial suspension was adjusted to 
match the McFarland 0.5 standard; it was spread on 
Mueller-Hinton agar (Oxweed, England) using a 
sterile swab. The inoculated plates were left for five 
minutes, then antibiotic discs were transferred to the 

plate surface using sterile forceps. Then petri plates 
were incubated in an incubator for 24 hours at 37°C. 
The results were interpreted according to the 
guidelines of the Clinical and Laboratory Standards 
Institute (CLSI).
Qualitative method of Biofilm production: 
Congo Red Agar method used to detect Biofilm 
production like qualitative method12 bacterial 
suspension (1×108) inoculated on plates by sterile 
lobe, then plates incubated for 24 hours at 37°C, the 
result appeared colony Black, indicate production 
biofilms while colony red color negative result. 
Quantitative method of Biofilm production: 
Microtiter plate assay used according to a study13, 
added 200 μL/well of the prepared   bacterial 
suspension (1×108) to A sterile 96-hole microtiter 
plates used to detect ability of bacteria produce 
biofilm. After incubation at 37°C for 48 hours then 
washed well used by sterile phosphate-buffered 
saline (PBS) gently after that plates a dry it in oven 
at 60°C for 60 minutes the well of plate staining by 
added 200 μL of 0.5% (w/v) crystal violet solution 
and let it 15 minutes, remove   stain through rinsed 
off with sterile distilled water. And dried plate a 
37°C incubator for 30 minutes. Finally, add 200 μl 
of 96.0% ethanol to each well, and then detect 
biofilm biomass by measuring optical density at the 
appropriate wavelength
Green synthesis of Zinc nanoparticles: The 
solution extract of plant and zinc with synthesis 
method was according to the studies with some 
modifications14,15.
Preparation of Lawsonia inermis plant extract 
and Zinc Solution: The plant extract of henna (Buy 
them from local markets (was prepared by weighing 
10 grams of henna powder and heating it in 100 ml 
of deionized distilled water placed in a 250 ml 
volumetric flask and heating it for 5 minutes in a 
water bath. Then the extract was filtered using 
Whitman filter paper, while, a zinc nitrate solution 
was prepared at a concentration of 0.1 M (Zn 
(NO3)2.6H2O) by dissolving it at 60°C (prepared 
by Merck, Germany) and stored in an opaque bottle 
at 4°C B-Synthesis Zinc nanoparticles Zinc 
nanoparticles were manufactured by gradually 
adding 10 ml of aqueous henna extract to 90 ml of 
zinc nitrate solution at 70°C with continuous 
stirring through a magnetic stirrer until a color 
change occurred, which lasted 30 minutes.
Characterization of Zinc Nanoparticles: Zinc 
nanoparticles generated with Lawsonia inermis 
extracts were analyzed through used UV–vis 
spectroscopy for detect nanoparticles (Shimadzu, 
Tokyo, Japan), SEM (Gallenkamp, England), FTIR 
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spectroscopy (Shimadzu, Germany), and 
characterized according to protocols16. Screening of 
Zinc Nanoparticles as Antibacterial agent. The 
antibacterial activity of zinc nanoparticles was 
determined using the well diffusion method against 
Staphylococcus aureus, according to studies by17 
bacterial suspension, stabilized with McFarland's 
solution 1 × 10⁸, was spread on Mueller-Hinton agar 
using a sterile cotton swab. The plates were left to 
stand for 15 minutes, then wells (6 mm in diameter) 
were prepared using a sterile cork drill, one hundred 
µLof zinc nanoparticles (25.0%, 50.0%, 75.0%, and 
100.0%) was added (one concentration each well). 
Additionally, 100 µL of sterile distilled water was 
added to one well as a negative control. The Petri 
dishes incubated at 37°C for 24 hours After 
incubation, the diameters of the inhibition zones 
that formed around those wells were recorded.
Antibiofilm Effect of Zinc Nanoparticles: Effect 
Zinc nanoparticles on biofilm of Staphylococcus 
aureus detect through:
Qualitative Method: The Congo red agar used to 
detect  effect zinc nanoparticles on biofilm 
formation through Added 120 μL of bacterial 
suspension (1×108) to 80 μL zinc nanoparticles 
concentrations (25.0%, 50.0%,75.0%) in test tubes 
sterilized (tube each concentration), Then tubes 
incubated at 370 C for 24 hours, after that 5 
microliter for each tube transfer by micropipette to 
Congo red plates incubated at 370 C for 24 hours18.
Quantitative Method: Microtiter plate method was 
used to determined zinc nanoparticles effect on 
production biofilms of Staphylococcus aureus 
according to19 with some modifications, 100 μL of 
bacterial suspension (1×108) added to each well of 
plate,  after that added 100 μL of concentrations 

zinc nanoparticles SubMic (25.0%, 50.0%,75.0%) 
then incubated at 37°C for 24 hours after incubated 
time bacterial solution removed, and well washed 
twice by used phosphate buffer solution and dried it 
then added for each well 200 μL of 1.0%  stain 
crystal violet solution. escape stain, added 200μL of 
absolute ethanol, calculated OD through used an 
ELISA reader at 630nm, the medium Brain heart 
infusion broths used as a negative control.
Statistical Analysis: The study results do not 
require statistical software; only percentages were 
used in the reported results of the study 
Ethical Consideration: Ethical Consideration was 
conducted according to the Declaration of Helsinki 
with formal Ethics approval from the Biology 
Department, College of Science, Tikrit University, 
Salah al-Din, Iraq (Approval No. 0422; on 23 April 
2025). Also, written informed consent was obtained 
from all author participants.

Results
Bacterial Isolates of Staphylococcus aureus: Only 
nine bacterial isolates of Staphylococcus aureus 
18.0% of total fifty swabs samples taken from 
patients appeared results while others not  
Antibiotic Resistance Profile: Four bacterial 
isolates of Staphylococcus aureus in this study  
showed resistance to seven types antibiotics while 
other isolates five isolates showed sensitivity to 
antibiotics in the study (Table 1).
The results of the zinc biosynthesis include a color 
change to yellow and characterization of zinc 
nanoparticle formation through ultraviolet 
spectroscopy examination, which showed an 
absorption peak at 372 nm (Figure IA&B). 

The size of zinc nanoparticles was detected by using 
scanning electron microscope examination, 

showing a spherical shape and a size range from 
19.17 to 45.33 nm (Figure II).

While FTIR analysis detects bands at 677.95, 
1383.76, 1637.34, 2077.06, and 3416.85 cm⁻¹ 
(Figure III).
Screening of Zinc Nanoparticles as an 
Antibacterial Agent: All concentrations of zinc 
nanoparticles showed inhibitory activity against 
multidrug-resistant Staphylococcus aureus and 
increase zone inhibition according to increase 
concentration the rang zone inhibition (15 to 17) 
mm (Table 2, Figure IV). 

Screening bacterial   Biofilm and antibiofilm of 
Zinc Nanoparticles 

Congo Red Agar Method: Total nine isolates four 
isolates produce strong to biofilm while others 
weak, Staphylococcus aureus four isolates showed 
color black colony on plate Congo red agar while 
showed red color after bacteria treat with SubMic 
(25.0%, 50.0%,75.0%) zinc Nanoparticles (Figure 
V).
Microtiter Plate Method: The biofilm formation of 
Staph. Aureus before treating with zinc 
nanoparticles at concentrations according to 
absorbance value between 0.621 to 445 AU 
compare with absorbance values which decrease 
after treating Staphylococcus aureus isolates with 
SubMic (25.0%, 50.0%,75.0%) concentration zinc 
nanoparticles appeared rang (0.112 to 0.067) AV 
(Table 3).

Discussion
Diabetic foot ulcers are a major complication of 
diabetes. If left untreated, these ulcers and wounds 
can lead to more serious complications, including 
osteomyelitis, gangrene, and amputation. Surgery and 

antibiotic therapy are used to control these infections, 
especially bacterial ones. Males were found to have a 
higher incidence of these infections compared to 
females; this may be attributed to the role males play 
in outdoor activities that can lead to work-related 
injuries and ulcer development. Similarly, the 
majority of participants with diabetic foot ulcer 
infections were between 50 and 60 years old, 
consistent with a study20. The infections are caused by 
several types of bacteria, including Staphylococcus 
aureus, which is the predominant Gram-positive 
strain, consistent with the observation21 
Gram-positive bacteria 41 (32.0%). Among the 
isolated bacteria, the most predominant bacteria were 
Staphylococcus aureus 25.19% (32/127)
The resistance of four isolates of Staphylococcus 
aureus to antibiotics was very high, reaching 100% 
resistance to all antibiotics except for one bacterial 
isolate, which was sensitive to meropenem and 
levofloxacin. This is similar to the results of a study22, 
which observed that Staphylococcus aureus bacteria 
isolated from urine samples exhibited high levels of 
resistance to cefotaxime 100.0% and levofloxacin 
53.0% while meropenem and ampicillin 76.0%. Also, 
resistance to cefixime (48.6%), amikacin (52.9%), 

meropenem (44.3%), and levofloxacin (64.3%). 
Congdon et al23 also observed 100.0% resistance to 
ampicillin, cefoxitin (78.6%), and Amikacin (73.8%), 
while meropenem showed resistance (19.0%).
Bacteria have different mechanism to Resistance 
antibiotic include Resistance to β-lactam antibiotics 
as penicillin is associated with ability to inhibit 
synthesis bacterial cell wall. All beta-lactam 
antibiotics act on PBPs (penicillin-binding proteins). 
Also, Modifications of PBPs one of resistance 
mechanisms of β-lactam antibiotics. Bacteria reduce 
affinity to PBPs and increase expression of 
β-lactamase led to hydrolysis of β-lactam ring of 
antibiotics24 While aminoglycoside antibiotics such 
amikacin resistance bacteria due to produce 
aminoglycoside -modifying enzymes led to hydrolyze 
susceptible bonds like esters and amides in 
aminoglycosides groups25.
Fluoroquinolone antibiotics resistance as levofloxacin 
antibiotic mediated mutations in DNA gyrase enzyme 
and topoisomerase genes26, another mechanism 
include Modification of metabolic pathways as 
antibiotic Trimethoprim-sulfamethoxazole through 
absence or alteration of para-aminobenzoic acid, was 
a precursor to nucleic acid and synthesis folic acid, 
allows bacteria to overcome inhibitory effects of 
antibiotic targeting these pathways27. 
Zinc Nanoparticles Synthesis: Color change is the 
first step in the formation of zinc nanoparticles. A 
pale-yellow color was observed, a result consistent 
with that obtained by an author14 who observed a 
color change in henna extract after adding zinc 
nitrate. Similarly28, also found a color change from 
dark brown to pale yellow in henna after adding zinc 
nitrate. It is known that the plant is rich in active 
compounds, including flavonoids, saponins, 
methylxanthines, and phenolic acids, which act as 
reducing and capping agents and play a role in 
nanoparticle synthesis29. The reduction of the metal 
ion also occurs through a mixture of bioactive 
substances in the plant extract, including proteins, 
enzymes, and polysaccharides28.
Confirming the formation of nanoparticles requires 
tests that determine the optical properties of zinc 
nanoparticles using UV spectroscopy. An absorption 
band of 372 nm was obtained, similar to that of15 
(395 nm), which indicates the synthesis of zinc 
nanoparticles, suggesting the formation of zinc 
nanoparticles from henna extract30. Exhibited a 
prominent absorption band at approximately 385 nm, 
a characteristic feature of zinc oxide nanoparticles. 
This band is used to describe zinc nanoparticles. The 
absorption range exhibited by zinc nanoparticles is 
influenced by surface plasmon resonance (SPR)31. 

Furthermore, plant chemical compounds contributed 
to the reduction of zinc ions and acted as stabilizing 
agents32.  The sizes of the zinc nanoparticles were 
determined to be in the range of (19.17 to 45.33) nm, 
which is similar to what15 found, where zinc 
nanoparticles ranged in size from 5 to 50 nm33. 
Observed zinc nanoparticle sizes of 40 to 70 nm, 
which is similar to our results.
The important functional groups involved in the 
reduction and stabilization of zinc nanoparticles were 
identified using FTIR; the results of the current study 
are similar to those obtained by34   who observed 
peaks at 538.39 cm⁻¹, 1,637.54 cm⁻¹, and 3,415.04 
cm⁻¹. They are also similar to those found by14, 
where the band 1618.92 cm⁻¹ indicates C=C in the 
aromatic ring, while 1,344.98 cm⁻¹ indicates C-N 
extension of amide-I protein compounds. The band at 
3422 cm⁻¹ could indicate O–H hydroxyl groups 
associated with polyphenols of the plant extract, 
which contribute to the biosynthesis of zinc 
nanoparticles, while the band at 664 to 676 cm⁻¹ 
indicates the aromatic ring35. 
The active compounds that plant extracts typically 
possess play a role in the reduction, stabilization, and 
capping of zinc nanoparticles. These include phenols, 
amines, alkenes, alcohols, and carboxylic acids36. 
Antibacterial effect of zinc nanoparticles: The 
inhibitory effect of zinc nanoparticles against 
Staphylococcus aureus bacteria showed an increase 
with increasing nanoparticle concentration; similar to 
a study37 it was observed, zone inhibition (15 to 26 
mm for S. aureus at 40 µg mL−1). Also, 38 found that 
the inhibitory diameter of zinc nanoparticles against 
Staphylococcus aureus was about 27 mm; 39 also 
noted the role of zinc nanoparticles in inhibiting 
Staphylococcus aureus.
Zinc oxide nanoparticles exhibit antibacterial activity, 
particularly against Gram-positive bacteria. Their 
increased antibacterial efficacy may be attributed to 
their ability to produce reactive oxygen species 
(ROS), such as hydrogen peroxide (H₂O₂), which can 
readily penetrate the bacterial cell membrane, leading 
to cell death40. The increased ROS production, 
resulting from the large surface area-to-volume ratio 
of zinc nanoparticles, further enhances their 
antibacterial activity41. In the presence of 
nanoparticles, zinc ions are released directly and bind 
to the cell membrane. This process leads to damage to 
genetic material and the breakdown of proteins, as 
well as the respiratory chain and enzyme synthesis. 
By interfering with the thiol group of enzymes, it 
leads to bacterial death42,43.
Screening Bacterial Biofilm and Antibiofilm of Zinc 
Nanoparticles: Staphylococcus aureus is a bacterium 

that poses a threat to human health due to its 
increasing resistance to antibiotics and its ability to 
produce biofilms. However, this biofilm production 
was reduced after treatment with zinc nanoparticles 
using both microtiter plate and Congo red agar 
methods. These results are similar to those found in a 
study39 who observed that biofilm production by 
Staphylococcus aureus was reduced by 91.0% after 
treatment with zinc nanoparticles using the microtiter 
plate. This also aligns with the findings of another 
study44, which observed that 99.0% of Staphylococcus 
aureus isolates produced biofilms before treatment 
with zinc nanoparticles but lost this ability after 
microtiter plate treatment. Similarly, Staphylococcus 
aureus was found among the biofilm-producing 
isolates using both Congo red and microtiter plate 
methods. These findings are consistent with those of 
Mendes et al45, who found that the biofilm produced 
by Staphylococcus aureus was reduced after treatment 
with zinc nanoparticles using the microtiter method. 
Zinc nanoparticles influence the formation of the 
exopolysaccharide layer, which plays a role in 
bacterial adhesion to host cells and biofilm 
development.
Zinc nanoparticles can penetrate the bacterial cell 
wall and kill the bacteria46. Metallic nanoparticles 
play a crucial role in controlling biofilm production 
due to their physicochemical properties47. The 
anti-biofilm effect of metallic nanoparticles can be 
achieved by penetrating the bacterial cell wall and 
interfering with the extracellular polymer matrix of 
the biofilm48. They can also disrupt the quorum 
sensing mechanism49. The activity of reactive oxygen 
species (ROS) on these nanoparticles is known to 
induce bacterial membrane damage. Oxidative stress 
resulting from ROS leads to the production of free 
radicals, including hydroxyl radicals, hydrogen 
peroxide radicals, and superoxide radicals, which 
damage bacterial DNA and protein structures50.

Conclusion
Biosynthesized zinc nanoparticles showed activity as 
antibacterial effect synthesis from aqueous extract of 
Lawsonia inermis. Therefore, it may suggest their 
potential as a novel therapeutic approach as an 
antibacterial agent.                                           
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Introduction
The increasing emergence of multidrug-resistant 
bacterial pathogens, usually resulting from the 
indiscriminate use of antibiotics, is causing 

infectious diseases. This has directly impacted 
public health and the economy due to the rise in 
healthcare expenditures for treating patients with 
these diseases1. Therefore, there is a pressing need 

to find alternatives to antibiotics to replace those 
ineffective against resistant bacteria, such as Staph. 
aureus, a major clinically significant lead to 
different infectious diseases2. From minor skin 
infections include cellulitis and abscesses and to 
more threat- infections such as endocarditis, sepsis, 
osteomyelitis, pneumonia, syndrome also UTIs3. It 
related to antibiotic resistance and production of 
biofilms represent a serious public health and 
complicated the treatment of infections caused by 
these bacteria4. In context, nanotechnology has 
emerged as a promising approach to address 
challenge of antibiotic resistance5.
Nanoparticles are three-dimensional particles 
ranging in size from 1 to 100 nanometers6, several 
types of nanoparticles including Fe3O4, TiO2, 
CeO2, and ZnO2 have significant importance due to 
their bioavailability and low cost7. These particles 
can be synthesized from various environmentally 
friendly sources, including bacteria, fungi, algae, 
and plant components8 zinc nanoparticles 
synthesized from plant extracts exhibit antibacterial 
activity compared to conventional treatments9 
Therefore, the study aimed to determine effect of 
biosynthesized zinc nanoparticles on 
Staphylococcus aureus growth and biofilm 
production.

Methodology
Study Design: This was a cross-sectional study 
which was conducted in the Department of biology, 
College of Science, University of Tikrit, Tikrit, Iraq 
from May 2025 to December 2025. A sterile swabs 
used to collect samples from diabetic foot ulcers of 
Fifty patients (34) male and (16) female arrived to 
Tikrit Teaching Hospital in Tikrit City from the 
period of May 2025 to December 2025 then swabs 
samples transfer to Microbiology Laboratory of 
Tikrit Teaching Hospital, Iraq and cultured on 
Mannitol salt agar and Gram-staining, and a series 
of biochemical tests include catalase and coagulase 
test also identified by using VITEK-2 technique 
(BioMérieux, France). Then detect antibiotics 
sensitivity test of staph. aureus and Biofilm 
formation.
Antibiotic Resistance Test: The Kirby-Bauer 
method detected the resistance of bacterial isolates 
to seven antibiotics (Manufacture Company, 
Bioanalyse, Turkey), following the methodology10,11 
(Table 1). Bacterial suspension was adjusted to 
match the McFarland 0.5 standard; it was spread on 
Mueller-Hinton agar (Oxweed, England) using a 
sterile swab. The inoculated plates were left for five 
minutes, then antibiotic discs were transferred to the 

plate surface using sterile forceps. Then petri plates 
were incubated in an incubator for 24 hours at 37°C. 
The results were interpreted according to the 
guidelines of the Clinical and Laboratory Standards 
Institute (CLSI).
Qualitative method of Biofilm production: 
Congo Red Agar method used to detect Biofilm 
production like qualitative method12 bacterial 
suspension (1×108) inoculated on plates by sterile 
lobe, then plates incubated for 24 hours at 37°C, the 
result appeared colony Black, indicate production 
biofilms while colony red color negative result. 
Quantitative method of Biofilm production: 
Microtiter plate assay used according to a study13, 
added 200 μL/well of the prepared   bacterial 
suspension (1×108) to A sterile 96-hole microtiter 
plates used to detect ability of bacteria produce 
biofilm. After incubation at 37°C for 48 hours then 
washed well used by sterile phosphate-buffered 
saline (PBS) gently after that plates a dry it in oven 
at 60°C for 60 minutes the well of plate staining by 
added 200 μL of 0.5% (w/v) crystal violet solution 
and let it 15 minutes, remove   stain through rinsed 
off with sterile distilled water. And dried plate a 
37°C incubator for 30 minutes. Finally, add 200 μl 
of 96.0% ethanol to each well, and then detect 
biofilm biomass by measuring optical density at the 
appropriate wavelength
Green synthesis of Zinc nanoparticles: The 
solution extract of plant and zinc with synthesis 
method was according to the studies with some 
modifications14,15.
Preparation of Lawsonia inermis plant extract 
and Zinc Solution: The plant extract of henna (Buy 
them from local markets (was prepared by weighing 
10 grams of henna powder and heating it in 100 ml 
of deionized distilled water placed in a 250 ml 
volumetric flask and heating it for 5 minutes in a 
water bath. Then the extract was filtered using 
Whitman filter paper, while, a zinc nitrate solution 
was prepared at a concentration of 0.1 M (Zn 
(NO3)2.6H2O) by dissolving it at 60°C (prepared 
by Merck, Germany) and stored in an opaque bottle 
at 4°C B-Synthesis Zinc nanoparticles Zinc 
nanoparticles were manufactured by gradually 
adding 10 ml of aqueous henna extract to 90 ml of 
zinc nitrate solution at 70°C with continuous 
stirring through a magnetic stirrer until a color 
change occurred, which lasted 30 minutes.
Characterization of Zinc Nanoparticles: Zinc 
nanoparticles generated with Lawsonia inermis 
extracts were analyzed through used UV–vis 
spectroscopy for detect nanoparticles (Shimadzu, 
Tokyo, Japan), SEM (Gallenkamp, England), FTIR 
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spectroscopy (Shimadzu, Germany), and 
characterized according to protocols16. Screening of 
Zinc Nanoparticles as Antibacterial agent. The 
antibacterial activity of zinc nanoparticles was 
determined using the well diffusion method against 
Staphylococcus aureus, according to studies by17 
bacterial suspension, stabilized with McFarland's 
solution 1 × 10⁸, was spread on Mueller-Hinton agar 
using a sterile cotton swab. The plates were left to 
stand for 15 minutes, then wells (6 mm in diameter) 
were prepared using a sterile cork drill, one hundred 
µLof zinc nanoparticles (25.0%, 50.0%, 75.0%, and 
100.0%) was added (one concentration each well). 
Additionally, 100 µL of sterile distilled water was 
added to one well as a negative control. The Petri 
dishes incubated at 37°C for 24 hours After 
incubation, the diameters of the inhibition zones 
that formed around those wells were recorded.
Antibiofilm Effect of Zinc Nanoparticles: Effect 
Zinc nanoparticles on biofilm of Staphylococcus 
aureus detect through:
Qualitative Method: The Congo red agar used to 
detect  effect zinc nanoparticles on biofilm 
formation through Added 120 μL of bacterial 
suspension (1×108) to 80 μL zinc nanoparticles 
concentrations (25.0%, 50.0%,75.0%) in test tubes 
sterilized (tube each concentration), Then tubes 
incubated at 370 C for 24 hours, after that 5 
microliter for each tube transfer by micropipette to 
Congo red plates incubated at 370 C for 24 hours18.
Quantitative Method: Microtiter plate method was 
used to determined zinc nanoparticles effect on 
production biofilms of Staphylococcus aureus 
according to19 with some modifications, 100 μL of 
bacterial suspension (1×108) added to each well of 
plate,  after that added 100 μL of concentrations 

zinc nanoparticles SubMic (25.0%, 50.0%,75.0%) 
then incubated at 37°C for 24 hours after incubated 
time bacterial solution removed, and well washed 
twice by used phosphate buffer solution and dried it 
then added for each well 200 μL of 1.0%  stain 
crystal violet solution. escape stain, added 200μL of 
absolute ethanol, calculated OD through used an 
ELISA reader at 630nm, the medium Brain heart 
infusion broths used as a negative control.
Statistical Analysis: The study results do not 
require statistical software; only percentages were 
used in the reported results of the study 
Ethical Consideration: Ethical Consideration was 
conducted according to the Declaration of Helsinki 
with formal Ethics approval from the Biology 
Department, College of Science, Tikrit University, 
Salah al-Din, Iraq (Approval No. 0422; on 23 April 
2025). Also, written informed consent was obtained 
from all author participants.

Results
Bacterial Isolates of Staphylococcus aureus: Only 
nine bacterial isolates of Staphylococcus aureus 
18.0% of total fifty swabs samples taken from 
patients appeared results while others not  
Antibiotic Resistance Profile: Four bacterial 
isolates of Staphylococcus aureus in this study  
showed resistance to seven types antibiotics while 
other isolates five isolates showed sensitivity to 
antibiotics in the study (Table 1).
The results of the zinc biosynthesis include a color 
change to yellow and characterization of zinc 
nanoparticle formation through ultraviolet 
spectroscopy examination, which showed an 
absorption peak at 372 nm (Figure IA&B). 

The size of zinc nanoparticles was detected by using 
scanning electron microscope examination, 

showing a spherical shape and a size range from 
19.17 to 45.33 nm (Figure II).

While FTIR analysis detects bands at 677.95, 
1383.76, 1637.34, 2077.06, and 3416.85 cm⁻¹ 
(Figure III).
Screening of Zinc Nanoparticles as an 
Antibacterial Agent: All concentrations of zinc 
nanoparticles showed inhibitory activity against 
multidrug-resistant Staphylococcus aureus and 
increase zone inhibition according to increase 
concentration the rang zone inhibition (15 to 17) 
mm (Table 2, Figure IV). 

Screening bacterial   Biofilm and antibiofilm of 
Zinc Nanoparticles 

Congo Red Agar Method: Total nine isolates four 
isolates produce strong to biofilm while others 
weak, Staphylococcus aureus four isolates showed 
color black colony on plate Congo red agar while 
showed red color after bacteria treat with SubMic 
(25.0%, 50.0%,75.0%) zinc Nanoparticles (Figure 
V).
Microtiter Plate Method: The biofilm formation of 
Staph. Aureus before treating with zinc 
nanoparticles at concentrations according to 
absorbance value between 0.621 to 445 AU 
compare with absorbance values which decrease 
after treating Staphylococcus aureus isolates with 
SubMic (25.0%, 50.0%,75.0%) concentration zinc 
nanoparticles appeared rang (0.112 to 0.067) AV 
(Table 3).

Discussion
Diabetic foot ulcers are a major complication of 
diabetes. If left untreated, these ulcers and wounds 
can lead to more serious complications, including 
osteomyelitis, gangrene, and amputation. Surgery and 

antibiotic therapy are used to control these infections, 
especially bacterial ones. Males were found to have a 
higher incidence of these infections compared to 
females; this may be attributed to the role males play 
in outdoor activities that can lead to work-related 
injuries and ulcer development. Similarly, the 
majority of participants with diabetic foot ulcer 
infections were between 50 and 60 years old, 
consistent with a study20. The infections are caused by 
several types of bacteria, including Staphylococcus 
aureus, which is the predominant Gram-positive 
strain, consistent with the observation21 
Gram-positive bacteria 41 (32.0%). Among the 
isolated bacteria, the most predominant bacteria were 
Staphylococcus aureus 25.19% (32/127)
The resistance of four isolates of Staphylococcus 
aureus to antibiotics was very high, reaching 100% 
resistance to all antibiotics except for one bacterial 
isolate, which was sensitive to meropenem and 
levofloxacin. This is similar to the results of a study22, 
which observed that Staphylococcus aureus bacteria 
isolated from urine samples exhibited high levels of 
resistance to cefotaxime 100.0% and levofloxacin 
53.0% while meropenem and ampicillin 76.0%. Also, 
resistance to cefixime (48.6%), amikacin (52.9%), 

meropenem (44.3%), and levofloxacin (64.3%). 
Congdon et al23 also observed 100.0% resistance to 
ampicillin, cefoxitin (78.6%), and Amikacin (73.8%), 
while meropenem showed resistance (19.0%).
Bacteria have different mechanism to Resistance 
antibiotic include Resistance to β-lactam antibiotics 
as penicillin is associated with ability to inhibit 
synthesis bacterial cell wall. All beta-lactam 
antibiotics act on PBPs (penicillin-binding proteins). 
Also, Modifications of PBPs one of resistance 
mechanisms of β-lactam antibiotics. Bacteria reduce 
affinity to PBPs and increase expression of 
β-lactamase led to hydrolysis of β-lactam ring of 
antibiotics24 While aminoglycoside antibiotics such 
amikacin resistance bacteria due to produce 
aminoglycoside -modifying enzymes led to hydrolyze 
susceptible bonds like esters and amides in 
aminoglycosides groups25.
Fluoroquinolone antibiotics resistance as levofloxacin 
antibiotic mediated mutations in DNA gyrase enzyme 
and topoisomerase genes26, another mechanism 
include Modification of metabolic pathways as 
antibiotic Trimethoprim-sulfamethoxazole through 
absence or alteration of para-aminobenzoic acid, was 
a precursor to nucleic acid and synthesis folic acid, 
allows bacteria to overcome inhibitory effects of 
antibiotic targeting these pathways27. 
Zinc Nanoparticles Synthesis: Color change is the 
first step in the formation of zinc nanoparticles. A 
pale-yellow color was observed, a result consistent 
with that obtained by an author14 who observed a 
color change in henna extract after adding zinc 
nitrate. Similarly28, also found a color change from 
dark brown to pale yellow in henna after adding zinc 
nitrate. It is known that the plant is rich in active 
compounds, including flavonoids, saponins, 
methylxanthines, and phenolic acids, which act as 
reducing and capping agents and play a role in 
nanoparticle synthesis29. The reduction of the metal 
ion also occurs through a mixture of bioactive 
substances in the plant extract, including proteins, 
enzymes, and polysaccharides28.
Confirming the formation of nanoparticles requires 
tests that determine the optical properties of zinc 
nanoparticles using UV spectroscopy. An absorption 
band of 372 nm was obtained, similar to that of15 
(395 nm), which indicates the synthesis of zinc 
nanoparticles, suggesting the formation of zinc 
nanoparticles from henna extract30. Exhibited a 
prominent absorption band at approximately 385 nm, 
a characteristic feature of zinc oxide nanoparticles. 
This band is used to describe zinc nanoparticles. The 
absorption range exhibited by zinc nanoparticles is 
influenced by surface plasmon resonance (SPR)31. 

Furthermore, plant chemical compounds contributed 
to the reduction of zinc ions and acted as stabilizing 
agents32.  The sizes of the zinc nanoparticles were 
determined to be in the range of (19.17 to 45.33) nm, 
which is similar to what15 found, where zinc 
nanoparticles ranged in size from 5 to 50 nm33. 
Observed zinc nanoparticle sizes of 40 to 70 nm, 
which is similar to our results.
The important functional groups involved in the 
reduction and stabilization of zinc nanoparticles were 
identified using FTIR; the results of the current study 
are similar to those obtained by34   who observed 
peaks at 538.39 cm⁻¹, 1,637.54 cm⁻¹, and 3,415.04 
cm⁻¹. They are also similar to those found by14, 
where the band 1618.92 cm⁻¹ indicates C=C in the 
aromatic ring, while 1,344.98 cm⁻¹ indicates C-N 
extension of amide-I protein compounds. The band at 
3422 cm⁻¹ could indicate O–H hydroxyl groups 
associated with polyphenols of the plant extract, 
which contribute to the biosynthesis of zinc 
nanoparticles, while the band at 664 to 676 cm⁻¹ 
indicates the aromatic ring35. 
The active compounds that plant extracts typically 
possess play a role in the reduction, stabilization, and 
capping of zinc nanoparticles. These include phenols, 
amines, alkenes, alcohols, and carboxylic acids36. 
Antibacterial effect of zinc nanoparticles: The 
inhibitory effect of zinc nanoparticles against 
Staphylococcus aureus bacteria showed an increase 
with increasing nanoparticle concentration; similar to 
a study37 it was observed, zone inhibition (15 to 26 
mm for S. aureus at 40 µg mL−1). Also, 38 found that 
the inhibitory diameter of zinc nanoparticles against 
Staphylococcus aureus was about 27 mm; 39 also 
noted the role of zinc nanoparticles in inhibiting 
Staphylococcus aureus.
Zinc oxide nanoparticles exhibit antibacterial activity, 
particularly against Gram-positive bacteria. Their 
increased antibacterial efficacy may be attributed to 
their ability to produce reactive oxygen species 
(ROS), such as hydrogen peroxide (H₂O₂), which can 
readily penetrate the bacterial cell membrane, leading 
to cell death40. The increased ROS production, 
resulting from the large surface area-to-volume ratio 
of zinc nanoparticles, further enhances their 
antibacterial activity41. In the presence of 
nanoparticles, zinc ions are released directly and bind 
to the cell membrane. This process leads to damage to 
genetic material and the breakdown of proteins, as 
well as the respiratory chain and enzyme synthesis. 
By interfering with the thiol group of enzymes, it 
leads to bacterial death42,43.
Screening Bacterial Biofilm and Antibiofilm of Zinc 
Nanoparticles: Staphylococcus aureus is a bacterium 

that poses a threat to human health due to its 
increasing resistance to antibiotics and its ability to 
produce biofilms. However, this biofilm production 
was reduced after treatment with zinc nanoparticles 
using both microtiter plate and Congo red agar 
methods. These results are similar to those found in a 
study39 who observed that biofilm production by 
Staphylococcus aureus was reduced by 91.0% after 
treatment with zinc nanoparticles using the microtiter 
plate. This also aligns with the findings of another 
study44, which observed that 99.0% of Staphylococcus 
aureus isolates produced biofilms before treatment 
with zinc nanoparticles but lost this ability after 
microtiter plate treatment. Similarly, Staphylococcus 
aureus was found among the biofilm-producing 
isolates using both Congo red and microtiter plate 
methods. These findings are consistent with those of 
Mendes et al45, who found that the biofilm produced 
by Staphylococcus aureus was reduced after treatment 
with zinc nanoparticles using the microtiter method. 
Zinc nanoparticles influence the formation of the 
exopolysaccharide layer, which plays a role in 
bacterial adhesion to host cells and biofilm 
development.
Zinc nanoparticles can penetrate the bacterial cell 
wall and kill the bacteria46. Metallic nanoparticles 
play a crucial role in controlling biofilm production 
due to their physicochemical properties47. The 
anti-biofilm effect of metallic nanoparticles can be 
achieved by penetrating the bacterial cell wall and 
interfering with the extracellular polymer matrix of 
the biofilm48. They can also disrupt the quorum 
sensing mechanism49. The activity of reactive oxygen 
species (ROS) on these nanoparticles is known to 
induce bacterial membrane damage. Oxidative stress 
resulting from ROS leads to the production of free 
radicals, including hydroxyl radicals, hydrogen 
peroxide radicals, and superoxide radicals, which 
damage bacterial DNA and protein structures50.

Conclusion
Biosynthesized zinc nanoparticles showed activity as 
antibacterial effect synthesis from aqueous extract of 
Lawsonia inermis. Therefore, it may suggest their 
potential as a novel therapeutic approach as an 
antibacterial agent.                                           
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Table. 1- Antibiotic effect (inhibition zone in mm) on Staphylococcus aureus 

S=Senseteve, RS=Resistance, MEM=Meropenem, E=Erythromycin, LEV= Levofloxacin, CFM=Cefixime, AK= Amikacin, SXT= 
Trimethoprim-sulfamethoxazole, P= Penicillin.
Zinc nanoparticles characterization 
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Introduction
The increasing emergence of multidrug-resistant 
bacterial pathogens, usually resulting from the 
indiscriminate use of antibiotics, is causing 

infectious diseases. This has directly impacted 
public health and the economy due to the rise in 
healthcare expenditures for treating patients with 
these diseases1. Therefore, there is a pressing need 

to find alternatives to antibiotics to replace those 
ineffective against resistant bacteria, such as Staph. 
aureus, a major clinically significant lead to 
different infectious diseases2. From minor skin 
infections include cellulitis and abscesses and to 
more threat- infections such as endocarditis, sepsis, 
osteomyelitis, pneumonia, syndrome also UTIs3. It 
related to antibiotic resistance and production of 
biofilms represent a serious public health and 
complicated the treatment of infections caused by 
these bacteria4. In context, nanotechnology has 
emerged as a promising approach to address 
challenge of antibiotic resistance5.
Nanoparticles are three-dimensional particles 
ranging in size from 1 to 100 nanometers6, several 
types of nanoparticles including Fe3O4, TiO2, 
CeO2, and ZnO2 have significant importance due to 
their bioavailability and low cost7. These particles 
can be synthesized from various environmentally 
friendly sources, including bacteria, fungi, algae, 
and plant components8 zinc nanoparticles 
synthesized from plant extracts exhibit antibacterial 
activity compared to conventional treatments9 
Therefore, the study aimed to determine effect of 
biosynthesized zinc nanoparticles on 
Staphylococcus aureus growth and biofilm 
production.

Methodology
Study Design: This was a cross-sectional study 
which was conducted in the Department of biology, 
College of Science, University of Tikrit, Tikrit, Iraq 
from May 2025 to December 2025. A sterile swabs 
used to collect samples from diabetic foot ulcers of 
Fifty patients (34) male and (16) female arrived to 
Tikrit Teaching Hospital in Tikrit City from the 
period of May 2025 to December 2025 then swabs 
samples transfer to Microbiology Laboratory of 
Tikrit Teaching Hospital, Iraq and cultured on 
Mannitol salt agar and Gram-staining, and a series 
of biochemical tests include catalase and coagulase 
test also identified by using VITEK-2 technique 
(BioMérieux, France). Then detect antibiotics 
sensitivity test of staph. aureus and Biofilm 
formation.
Antibiotic Resistance Test: The Kirby-Bauer 
method detected the resistance of bacterial isolates 
to seven antibiotics (Manufacture Company, 
Bioanalyse, Turkey), following the methodology10,11 
(Table 1). Bacterial suspension was adjusted to 
match the McFarland 0.5 standard; it was spread on 
Mueller-Hinton agar (Oxweed, England) using a 
sterile swab. The inoculated plates were left for five 
minutes, then antibiotic discs were transferred to the 

plate surface using sterile forceps. Then petri plates 
were incubated in an incubator for 24 hours at 37°C. 
The results were interpreted according to the 
guidelines of the Clinical and Laboratory Standards 
Institute (CLSI).
Qualitative method of Biofilm production: 
Congo Red Agar method used to detect Biofilm 
production like qualitative method12 bacterial 
suspension (1×108) inoculated on plates by sterile 
lobe, then plates incubated for 24 hours at 37°C, the 
result appeared colony Black, indicate production 
biofilms while colony red color negative result. 
Quantitative method of Biofilm production: 
Microtiter plate assay used according to a study13, 
added 200 μL/well of the prepared   bacterial 
suspension (1×108) to A sterile 96-hole microtiter 
plates used to detect ability of bacteria produce 
biofilm. After incubation at 37°C for 48 hours then 
washed well used by sterile phosphate-buffered 
saline (PBS) gently after that plates a dry it in oven 
at 60°C for 60 minutes the well of plate staining by 
added 200 μL of 0.5% (w/v) crystal violet solution 
and let it 15 minutes, remove   stain through rinsed 
off with sterile distilled water. And dried plate a 
37°C incubator for 30 minutes. Finally, add 200 μl 
of 96.0% ethanol to each well, and then detect 
biofilm biomass by measuring optical density at the 
appropriate wavelength
Green synthesis of Zinc nanoparticles: The 
solution extract of plant and zinc with synthesis 
method was according to the studies with some 
modifications14,15.
Preparation of Lawsonia inermis plant extract 
and Zinc Solution: The plant extract of henna (Buy 
them from local markets (was prepared by weighing 
10 grams of henna powder and heating it in 100 ml 
of deionized distilled water placed in a 250 ml 
volumetric flask and heating it for 5 minutes in a 
water bath. Then the extract was filtered using 
Whitman filter paper, while, a zinc nitrate solution 
was prepared at a concentration of 0.1 M (Zn 
(NO3)2.6H2O) by dissolving it at 60°C (prepared 
by Merck, Germany) and stored in an opaque bottle 
at 4°C B-Synthesis Zinc nanoparticles Zinc 
nanoparticles were manufactured by gradually 
adding 10 ml of aqueous henna extract to 90 ml of 
zinc nitrate solution at 70°C with continuous 
stirring through a magnetic stirrer until a color 
change occurred, which lasted 30 minutes.
Characterization of Zinc Nanoparticles: Zinc 
nanoparticles generated with Lawsonia inermis 
extracts were analyzed through used UV–vis 
spectroscopy for detect nanoparticles (Shimadzu, 
Tokyo, Japan), SEM (Gallenkamp, England), FTIR 
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spectroscopy (Shimadzu, Germany), and 
characterized according to protocols16. Screening of 
Zinc Nanoparticles as Antibacterial agent. The 
antibacterial activity of zinc nanoparticles was 
determined using the well diffusion method against 
Staphylococcus aureus, according to studies by17 
bacterial suspension, stabilized with McFarland's 
solution 1 × 10⁸, was spread on Mueller-Hinton agar 
using a sterile cotton swab. The plates were left to 
stand for 15 minutes, then wells (6 mm in diameter) 
were prepared using a sterile cork drill, one hundred 
µLof zinc nanoparticles (25.0%, 50.0%, 75.0%, and 
100.0%) was added (one concentration each well). 
Additionally, 100 µL of sterile distilled water was 
added to one well as a negative control. The Petri 
dishes incubated at 37°C for 24 hours After 
incubation, the diameters of the inhibition zones 
that formed around those wells were recorded.
Antibiofilm Effect of Zinc Nanoparticles: Effect 
Zinc nanoparticles on biofilm of Staphylococcus 
aureus detect through:
Qualitative Method: The Congo red agar used to 
detect  effect zinc nanoparticles on biofilm 
formation through Added 120 μL of bacterial 
suspension (1×108) to 80 μL zinc nanoparticles 
concentrations (25.0%, 50.0%,75.0%) in test tubes 
sterilized (tube each concentration), Then tubes 
incubated at 370 C for 24 hours, after that 5 
microliter for each tube transfer by micropipette to 
Congo red plates incubated at 370 C for 24 hours18.
Quantitative Method: Microtiter plate method was 
used to determined zinc nanoparticles effect on 
production biofilms of Staphylococcus aureus 
according to19 with some modifications, 100 μL of 
bacterial suspension (1×108) added to each well of 
plate,  after that added 100 μL of concentrations 

zinc nanoparticles SubMic (25.0%, 50.0%,75.0%) 
then incubated at 37°C for 24 hours after incubated 
time bacterial solution removed, and well washed 
twice by used phosphate buffer solution and dried it 
then added for each well 200 μL of 1.0%  stain 
crystal violet solution. escape stain, added 200μL of 
absolute ethanol, calculated OD through used an 
ELISA reader at 630nm, the medium Brain heart 
infusion broths used as a negative control.
Statistical Analysis: The study results do not 
require statistical software; only percentages were 
used in the reported results of the study 
Ethical Consideration: Ethical Consideration was 
conducted according to the Declaration of Helsinki 
with formal Ethics approval from the Biology 
Department, College of Science, Tikrit University, 
Salah al-Din, Iraq (Approval No. 0422; on 23 April 
2025). Also, written informed consent was obtained 
from all author participants.

Results
Bacterial Isolates of Staphylococcus aureus: Only 
nine bacterial isolates of Staphylococcus aureus 
18.0% of total fifty swabs samples taken from 
patients appeared results while others not  
Antibiotic Resistance Profile: Four bacterial 
isolates of Staphylococcus aureus in this study  
showed resistance to seven types antibiotics while 
other isolates five isolates showed sensitivity to 
antibiotics in the study (Table 1).
The results of the zinc biosynthesis include a color 
change to yellow and characterization of zinc 
nanoparticle formation through ultraviolet 
spectroscopy examination, which showed an 
absorption peak at 372 nm (Figure IA&B). 

The size of zinc nanoparticles was detected by using 
scanning electron microscope examination, 

showing a spherical shape and a size range from 
19.17 to 45.33 nm (Figure II).

While FTIR analysis detects bands at 677.95, 
1383.76, 1637.34, 2077.06, and 3416.85 cm⁻¹ 
(Figure III).
Screening of Zinc Nanoparticles as an 
Antibacterial Agent: All concentrations of zinc 
nanoparticles showed inhibitory activity against 
multidrug-resistant Staphylococcus aureus and 
increase zone inhibition according to increase 
concentration the rang zone inhibition (15 to 17) 
mm (Table 2, Figure IV). 

Screening bacterial   Biofilm and antibiofilm of 
Zinc Nanoparticles 

Congo Red Agar Method: Total nine isolates four 
isolates produce strong to biofilm while others 
weak, Staphylococcus aureus four isolates showed 
color black colony on plate Congo red agar while 
showed red color after bacteria treat with SubMic 
(25.0%, 50.0%,75.0%) zinc Nanoparticles (Figure 
V).
Microtiter Plate Method: The biofilm formation of 
Staph. Aureus before treating with zinc 
nanoparticles at concentrations according to 
absorbance value between 0.621 to 445 AU 
compare with absorbance values which decrease 
after treating Staphylococcus aureus isolates with 
SubMic (25.0%, 50.0%,75.0%) concentration zinc 
nanoparticles appeared rang (0.112 to 0.067) AV 
(Table 3).

Discussion
Diabetic foot ulcers are a major complication of 
diabetes. If left untreated, these ulcers and wounds 
can lead to more serious complications, including 
osteomyelitis, gangrene, and amputation. Surgery and 

antibiotic therapy are used to control these infections, 
especially bacterial ones. Males were found to have a 
higher incidence of these infections compared to 
females; this may be attributed to the role males play 
in outdoor activities that can lead to work-related 
injuries and ulcer development. Similarly, the 
majority of participants with diabetic foot ulcer 
infections were between 50 and 60 years old, 
consistent with a study20. The infections are caused by 
several types of bacteria, including Staphylococcus 
aureus, which is the predominant Gram-positive 
strain, consistent with the observation21 
Gram-positive bacteria 41 (32.0%). Among the 
isolated bacteria, the most predominant bacteria were 
Staphylococcus aureus 25.19% (32/127)
The resistance of four isolates of Staphylococcus 
aureus to antibiotics was very high, reaching 100% 
resistance to all antibiotics except for one bacterial 
isolate, which was sensitive to meropenem and 
levofloxacin. This is similar to the results of a study22, 
which observed that Staphylococcus aureus bacteria 
isolated from urine samples exhibited high levels of 
resistance to cefotaxime 100.0% and levofloxacin 
53.0% while meropenem and ampicillin 76.0%. Also, 
resistance to cefixime (48.6%), amikacin (52.9%), 

meropenem (44.3%), and levofloxacin (64.3%). 
Congdon et al23 also observed 100.0% resistance to 
ampicillin, cefoxitin (78.6%), and Amikacin (73.8%), 
while meropenem showed resistance (19.0%).
Bacteria have different mechanism to Resistance 
antibiotic include Resistance to β-lactam antibiotics 
as penicillin is associated with ability to inhibit 
synthesis bacterial cell wall. All beta-lactam 
antibiotics act on PBPs (penicillin-binding proteins). 
Also, Modifications of PBPs one of resistance 
mechanisms of β-lactam antibiotics. Bacteria reduce 
affinity to PBPs and increase expression of 
β-lactamase led to hydrolysis of β-lactam ring of 
antibiotics24 While aminoglycoside antibiotics such 
amikacin resistance bacteria due to produce 
aminoglycoside -modifying enzymes led to hydrolyze 
susceptible bonds like esters and amides in 
aminoglycosides groups25.
Fluoroquinolone antibiotics resistance as levofloxacin 
antibiotic mediated mutations in DNA gyrase enzyme 
and topoisomerase genes26, another mechanism 
include Modification of metabolic pathways as 
antibiotic Trimethoprim-sulfamethoxazole through 
absence or alteration of para-aminobenzoic acid, was 
a precursor to nucleic acid and synthesis folic acid, 
allows bacteria to overcome inhibitory effects of 
antibiotic targeting these pathways27. 
Zinc Nanoparticles Synthesis: Color change is the 
first step in the formation of zinc nanoparticles. A 
pale-yellow color was observed, a result consistent 
with that obtained by an author14 who observed a 
color change in henna extract after adding zinc 
nitrate. Similarly28, also found a color change from 
dark brown to pale yellow in henna after adding zinc 
nitrate. It is known that the plant is rich in active 
compounds, including flavonoids, saponins, 
methylxanthines, and phenolic acids, which act as 
reducing and capping agents and play a role in 
nanoparticle synthesis29. The reduction of the metal 
ion also occurs through a mixture of bioactive 
substances in the plant extract, including proteins, 
enzymes, and polysaccharides28.
Confirming the formation of nanoparticles requires 
tests that determine the optical properties of zinc 
nanoparticles using UV spectroscopy. An absorption 
band of 372 nm was obtained, similar to that of15 
(395 nm), which indicates the synthesis of zinc 
nanoparticles, suggesting the formation of zinc 
nanoparticles from henna extract30. Exhibited a 
prominent absorption band at approximately 385 nm, 
a characteristic feature of zinc oxide nanoparticles. 
This band is used to describe zinc nanoparticles. The 
absorption range exhibited by zinc nanoparticles is 
influenced by surface plasmon resonance (SPR)31. 

Furthermore, plant chemical compounds contributed 
to the reduction of zinc ions and acted as stabilizing 
agents32.  The sizes of the zinc nanoparticles were 
determined to be in the range of (19.17 to 45.33) nm, 
which is similar to what15 found, where zinc 
nanoparticles ranged in size from 5 to 50 nm33. 
Observed zinc nanoparticle sizes of 40 to 70 nm, 
which is similar to our results.
The important functional groups involved in the 
reduction and stabilization of zinc nanoparticles were 
identified using FTIR; the results of the current study 
are similar to those obtained by34   who observed 
peaks at 538.39 cm⁻¹, 1,637.54 cm⁻¹, and 3,415.04 
cm⁻¹. They are also similar to those found by14, 
where the band 1618.92 cm⁻¹ indicates C=C in the 
aromatic ring, while 1,344.98 cm⁻¹ indicates C-N 
extension of amide-I protein compounds. The band at 
3422 cm⁻¹ could indicate O–H hydroxyl groups 
associated with polyphenols of the plant extract, 
which contribute to the biosynthesis of zinc 
nanoparticles, while the band at 664 to 676 cm⁻¹ 
indicates the aromatic ring35. 
The active compounds that plant extracts typically 
possess play a role in the reduction, stabilization, and 
capping of zinc nanoparticles. These include phenols, 
amines, alkenes, alcohols, and carboxylic acids36. 
Antibacterial effect of zinc nanoparticles: The 
inhibitory effect of zinc nanoparticles against 
Staphylococcus aureus bacteria showed an increase 
with increasing nanoparticle concentration; similar to 
a study37 it was observed, zone inhibition (15 to 26 
mm for S. aureus at 40 µg mL−1). Also, 38 found that 
the inhibitory diameter of zinc nanoparticles against 
Staphylococcus aureus was about 27 mm; 39 also 
noted the role of zinc nanoparticles in inhibiting 
Staphylococcus aureus.
Zinc oxide nanoparticles exhibit antibacterial activity, 
particularly against Gram-positive bacteria. Their 
increased antibacterial efficacy may be attributed to 
their ability to produce reactive oxygen species 
(ROS), such as hydrogen peroxide (H₂O₂), which can 
readily penetrate the bacterial cell membrane, leading 
to cell death40. The increased ROS production, 
resulting from the large surface area-to-volume ratio 
of zinc nanoparticles, further enhances their 
antibacterial activity41. In the presence of 
nanoparticles, zinc ions are released directly and bind 
to the cell membrane. This process leads to damage to 
genetic material and the breakdown of proteins, as 
well as the respiratory chain and enzyme synthesis. 
By interfering with the thiol group of enzymes, it 
leads to bacterial death42,43.
Screening Bacterial Biofilm and Antibiofilm of Zinc 
Nanoparticles: Staphylococcus aureus is a bacterium 

that poses a threat to human health due to its 
increasing resistance to antibiotics and its ability to 
produce biofilms. However, this biofilm production 
was reduced after treatment with zinc nanoparticles 
using both microtiter plate and Congo red agar 
methods. These results are similar to those found in a 
study39 who observed that biofilm production by 
Staphylococcus aureus was reduced by 91.0% after 
treatment with zinc nanoparticles using the microtiter 
plate. This also aligns with the findings of another 
study44, which observed that 99.0% of Staphylococcus 
aureus isolates produced biofilms before treatment 
with zinc nanoparticles but lost this ability after 
microtiter plate treatment. Similarly, Staphylococcus 
aureus was found among the biofilm-producing 
isolates using both Congo red and microtiter plate 
methods. These findings are consistent with those of 
Mendes et al45, who found that the biofilm produced 
by Staphylococcus aureus was reduced after treatment 
with zinc nanoparticles using the microtiter method. 
Zinc nanoparticles influence the formation of the 
exopolysaccharide layer, which plays a role in 
bacterial adhesion to host cells and biofilm 
development.
Zinc nanoparticles can penetrate the bacterial cell 
wall and kill the bacteria46. Metallic nanoparticles 
play a crucial role in controlling biofilm production 
due to their physicochemical properties47. The 
anti-biofilm effect of metallic nanoparticles can be 
achieved by penetrating the bacterial cell wall and 
interfering with the extracellular polymer matrix of 
the biofilm48. They can also disrupt the quorum 
sensing mechanism49. The activity of reactive oxygen 
species (ROS) on these nanoparticles is known to 
induce bacterial membrane damage. Oxidative stress 
resulting from ROS leads to the production of free 
radicals, including hydroxyl radicals, hydrogen 
peroxide radicals, and superoxide radicals, which 
damage bacterial DNA and protein structures50.

Conclusion
Biosynthesized zinc nanoparticles showed activity as 
antibacterial effect synthesis from aqueous extract of 
Lawsonia inermis. Therefore, it may suggest their 
potential as a novel therapeutic approach as an 
antibacterial agent.                                           
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Introduction
The increasing emergence of multidrug-resistant 
bacterial pathogens, usually resulting from the 
indiscriminate use of antibiotics, is causing 

infectious diseases. This has directly impacted 
public health and the economy due to the rise in 
healthcare expenditures for treating patients with 
these diseases1. Therefore, there is a pressing need 

to find alternatives to antibiotics to replace those 
ineffective against resistant bacteria, such as Staph. 
aureus, a major clinically significant lead to 
different infectious diseases2. From minor skin 
infections include cellulitis and abscesses and to 
more threat- infections such as endocarditis, sepsis, 
osteomyelitis, pneumonia, syndrome also UTIs3. It 
related to antibiotic resistance and production of 
biofilms represent a serious public health and 
complicated the treatment of infections caused by 
these bacteria4. In context, nanotechnology has 
emerged as a promising approach to address 
challenge of antibiotic resistance5.
Nanoparticles are three-dimensional particles 
ranging in size from 1 to 100 nanometers6, several 
types of nanoparticles including Fe3O4, TiO2, 
CeO2, and ZnO2 have significant importance due to 
their bioavailability and low cost7. These particles 
can be synthesized from various environmentally 
friendly sources, including bacteria, fungi, algae, 
and plant components8 zinc nanoparticles 
synthesized from plant extracts exhibit antibacterial 
activity compared to conventional treatments9 
Therefore, the study aimed to determine effect of 
biosynthesized zinc nanoparticles on 
Staphylococcus aureus growth and biofilm 
production.

Methodology
Study Design: This was a cross-sectional study 
which was conducted in the Department of biology, 
College of Science, University of Tikrit, Tikrit, Iraq 
from May 2025 to December 2025. A sterile swabs 
used to collect samples from diabetic foot ulcers of 
Fifty patients (34) male and (16) female arrived to 
Tikrit Teaching Hospital in Tikrit City from the 
period of May 2025 to December 2025 then swabs 
samples transfer to Microbiology Laboratory of 
Tikrit Teaching Hospital, Iraq and cultured on 
Mannitol salt agar and Gram-staining, and a series 
of biochemical tests include catalase and coagulase 
test also identified by using VITEK-2 technique 
(BioMérieux, France). Then detect antibiotics 
sensitivity test of staph. aureus and Biofilm 
formation.
Antibiotic Resistance Test: The Kirby-Bauer 
method detected the resistance of bacterial isolates 
to seven antibiotics (Manufacture Company, 
Bioanalyse, Turkey), following the methodology10,11 
(Table 1). Bacterial suspension was adjusted to 
match the McFarland 0.5 standard; it was spread on 
Mueller-Hinton agar (Oxweed, England) using a 
sterile swab. The inoculated plates were left for five 
minutes, then antibiotic discs were transferred to the 

plate surface using sterile forceps. Then petri plates 
were incubated in an incubator for 24 hours at 37°C. 
The results were interpreted according to the 
guidelines of the Clinical and Laboratory Standards 
Institute (CLSI).
Qualitative method of Biofilm production: 
Congo Red Agar method used to detect Biofilm 
production like qualitative method12 bacterial 
suspension (1×108) inoculated on plates by sterile 
lobe, then plates incubated for 24 hours at 37°C, the 
result appeared colony Black, indicate production 
biofilms while colony red color negative result. 
Quantitative method of Biofilm production: 
Microtiter plate assay used according to a study13, 
added 200 μL/well of the prepared   bacterial 
suspension (1×108) to A sterile 96-hole microtiter 
plates used to detect ability of bacteria produce 
biofilm. After incubation at 37°C for 48 hours then 
washed well used by sterile phosphate-buffered 
saline (PBS) gently after that plates a dry it in oven 
at 60°C for 60 minutes the well of plate staining by 
added 200 μL of 0.5% (w/v) crystal violet solution 
and let it 15 minutes, remove   stain through rinsed 
off with sterile distilled water. And dried plate a 
37°C incubator for 30 minutes. Finally, add 200 μl 
of 96.0% ethanol to each well, and then detect 
biofilm biomass by measuring optical density at the 
appropriate wavelength
Green synthesis of Zinc nanoparticles: The 
solution extract of plant and zinc with synthesis 
method was according to the studies with some 
modifications14,15.
Preparation of Lawsonia inermis plant extract 
and Zinc Solution: The plant extract of henna (Buy 
them from local markets (was prepared by weighing 
10 grams of henna powder and heating it in 100 ml 
of deionized distilled water placed in a 250 ml 
volumetric flask and heating it for 5 minutes in a 
water bath. Then the extract was filtered using 
Whitman filter paper, while, a zinc nitrate solution 
was prepared at a concentration of 0.1 M (Zn 
(NO3)2.6H2O) by dissolving it at 60°C (prepared 
by Merck, Germany) and stored in an opaque bottle 
at 4°C B-Synthesis Zinc nanoparticles Zinc 
nanoparticles were manufactured by gradually 
adding 10 ml of aqueous henna extract to 90 ml of 
zinc nitrate solution at 70°C with continuous 
stirring through a magnetic stirrer until a color 
change occurred, which lasted 30 minutes.
Characterization of Zinc Nanoparticles: Zinc 
nanoparticles generated with Lawsonia inermis 
extracts were analyzed through used UV–vis 
spectroscopy for detect nanoparticles (Shimadzu, 
Tokyo, Japan), SEM (Gallenkamp, England), FTIR 
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spectroscopy (Shimadzu, Germany), and 
characterized according to protocols16. Screening of 
Zinc Nanoparticles as Antibacterial agent. The 
antibacterial activity of zinc nanoparticles was 
determined using the well diffusion method against 
Staphylococcus aureus, according to studies by17 
bacterial suspension, stabilized with McFarland's 
solution 1 × 10⁸, was spread on Mueller-Hinton agar 
using a sterile cotton swab. The plates were left to 
stand for 15 minutes, then wells (6 mm in diameter) 
were prepared using a sterile cork drill, one hundred 
µLof zinc nanoparticles (25.0%, 50.0%, 75.0%, and 
100.0%) was added (one concentration each well). 
Additionally, 100 µL of sterile distilled water was 
added to one well as a negative control. The Petri 
dishes incubated at 37°C for 24 hours After 
incubation, the diameters of the inhibition zones 
that formed around those wells were recorded.
Antibiofilm Effect of Zinc Nanoparticles: Effect 
Zinc nanoparticles on biofilm of Staphylococcus 
aureus detect through:
Qualitative Method: The Congo red agar used to 
detect  effect zinc nanoparticles on biofilm 
formation through Added 120 μL of bacterial 
suspension (1×108) to 80 μL zinc nanoparticles 
concentrations (25.0%, 50.0%,75.0%) in test tubes 
sterilized (tube each concentration), Then tubes 
incubated at 370 C for 24 hours, after that 5 
microliter for each tube transfer by micropipette to 
Congo red plates incubated at 370 C for 24 hours18.
Quantitative Method: Microtiter plate method was 
used to determined zinc nanoparticles effect on 
production biofilms of Staphylococcus aureus 
according to19 with some modifications, 100 μL of 
bacterial suspension (1×108) added to each well of 
plate,  after that added 100 μL of concentrations 

zinc nanoparticles SubMic (25.0%, 50.0%,75.0%) 
then incubated at 37°C for 24 hours after incubated 
time bacterial solution removed, and well washed 
twice by used phosphate buffer solution and dried it 
then added for each well 200 μL of 1.0%  stain 
crystal violet solution. escape stain, added 200μL of 
absolute ethanol, calculated OD through used an 
ELISA reader at 630nm, the medium Brain heart 
infusion broths used as a negative control.
Statistical Analysis: The study results do not 
require statistical software; only percentages were 
used in the reported results of the study 
Ethical Consideration: Ethical Consideration was 
conducted according to the Declaration of Helsinki 
with formal Ethics approval from the Biology 
Department, College of Science, Tikrit University, 
Salah al-Din, Iraq (Approval No. 0422; on 23 April 
2025). Also, written informed consent was obtained 
from all author participants.

Results
Bacterial Isolates of Staphylococcus aureus: Only 
nine bacterial isolates of Staphylococcus aureus 
18.0% of total fifty swabs samples taken from 
patients appeared results while others not  
Antibiotic Resistance Profile: Four bacterial 
isolates of Staphylococcus aureus in this study  
showed resistance to seven types antibiotics while 
other isolates five isolates showed sensitivity to 
antibiotics in the study (Table 1).
The results of the zinc biosynthesis include a color 
change to yellow and characterization of zinc 
nanoparticle formation through ultraviolet 
spectroscopy examination, which showed an 
absorption peak at 372 nm (Figure IA&B). 

The size of zinc nanoparticles was detected by using 
scanning electron microscope examination, 

showing a spherical shape and a size range from 
19.17 to 45.33 nm (Figure II).

While FTIR analysis detects bands at 677.95, 
1383.76, 1637.34, 2077.06, and 3416.85 cm⁻¹ 
(Figure III).
Screening of Zinc Nanoparticles as an 
Antibacterial Agent: All concentrations of zinc 
nanoparticles showed inhibitory activity against 
multidrug-resistant Staphylococcus aureus and 
increase zone inhibition according to increase 
concentration the rang zone inhibition (15 to 17) 
mm (Table 2, Figure IV). 

Screening bacterial   Biofilm and antibiofilm of 
Zinc Nanoparticles 

Congo Red Agar Method: Total nine isolates four 
isolates produce strong to biofilm while others 
weak, Staphylococcus aureus four isolates showed 
color black colony on plate Congo red agar while 
showed red color after bacteria treat with SubMic 
(25.0%, 50.0%,75.0%) zinc Nanoparticles (Figure 
V).
Microtiter Plate Method: The biofilm formation of 
Staph. Aureus before treating with zinc 
nanoparticles at concentrations according to 
absorbance value between 0.621 to 445 AU 
compare with absorbance values which decrease 
after treating Staphylococcus aureus isolates with 
SubMic (25.0%, 50.0%,75.0%) concentration zinc 
nanoparticles appeared rang (0.112 to 0.067) AV 
(Table 3).

Discussion
Diabetic foot ulcers are a major complication of 
diabetes. If left untreated, these ulcers and wounds 
can lead to more serious complications, including 
osteomyelitis, gangrene, and amputation. Surgery and 

antibiotic therapy are used to control these infections, 
especially bacterial ones. Males were found to have a 
higher incidence of these infections compared to 
females; this may be attributed to the role males play 
in outdoor activities that can lead to work-related 
injuries and ulcer development. Similarly, the 
majority of participants with diabetic foot ulcer 
infections were between 50 and 60 years old, 
consistent with a study20. The infections are caused by 
several types of bacteria, including Staphylococcus 
aureus, which is the predominant Gram-positive 
strain, consistent with the observation21 
Gram-positive bacteria 41 (32.0%). Among the 
isolated bacteria, the most predominant bacteria were 
Staphylococcus aureus 25.19% (32/127)
The resistance of four isolates of Staphylococcus 
aureus to antibiotics was very high, reaching 100% 
resistance to all antibiotics except for one bacterial 
isolate, which was sensitive to meropenem and 
levofloxacin. This is similar to the results of a study22, 
which observed that Staphylococcus aureus bacteria 
isolated from urine samples exhibited high levels of 
resistance to cefotaxime 100.0% and levofloxacin 
53.0% while meropenem and ampicillin 76.0%. Also, 
resistance to cefixime (48.6%), amikacin (52.9%), 

meropenem (44.3%), and levofloxacin (64.3%). 
Congdon et al23 also observed 100.0% resistance to 
ampicillin, cefoxitin (78.6%), and Amikacin (73.8%), 
while meropenem showed resistance (19.0%).
Bacteria have different mechanism to Resistance 
antibiotic include Resistance to β-lactam antibiotics 
as penicillin is associated with ability to inhibit 
synthesis bacterial cell wall. All beta-lactam 
antibiotics act on PBPs (penicillin-binding proteins). 
Also, Modifications of PBPs one of resistance 
mechanisms of β-lactam antibiotics. Bacteria reduce 
affinity to PBPs and increase expression of 
β-lactamase led to hydrolysis of β-lactam ring of 
antibiotics24 While aminoglycoside antibiotics such 
amikacin resistance bacteria due to produce 
aminoglycoside -modifying enzymes led to hydrolyze 
susceptible bonds like esters and amides in 
aminoglycosides groups25.
Fluoroquinolone antibiotics resistance as levofloxacin 
antibiotic mediated mutations in DNA gyrase enzyme 
and topoisomerase genes26, another mechanism 
include Modification of metabolic pathways as 
antibiotic Trimethoprim-sulfamethoxazole through 
absence or alteration of para-aminobenzoic acid, was 
a precursor to nucleic acid and synthesis folic acid, 
allows bacteria to overcome inhibitory effects of 
antibiotic targeting these pathways27. 
Zinc Nanoparticles Synthesis: Color change is the 
first step in the formation of zinc nanoparticles. A 
pale-yellow color was observed, a result consistent 
with that obtained by an author14 who observed a 
color change in henna extract after adding zinc 
nitrate. Similarly28, also found a color change from 
dark brown to pale yellow in henna after adding zinc 
nitrate. It is known that the plant is rich in active 
compounds, including flavonoids, saponins, 
methylxanthines, and phenolic acids, which act as 
reducing and capping agents and play a role in 
nanoparticle synthesis29. The reduction of the metal 
ion also occurs through a mixture of bioactive 
substances in the plant extract, including proteins, 
enzymes, and polysaccharides28.
Confirming the formation of nanoparticles requires 
tests that determine the optical properties of zinc 
nanoparticles using UV spectroscopy. An absorption 
band of 372 nm was obtained, similar to that of15 
(395 nm), which indicates the synthesis of zinc 
nanoparticles, suggesting the formation of zinc 
nanoparticles from henna extract30. Exhibited a 
prominent absorption band at approximately 385 nm, 
a characteristic feature of zinc oxide nanoparticles. 
This band is used to describe zinc nanoparticles. The 
absorption range exhibited by zinc nanoparticles is 
influenced by surface plasmon resonance (SPR)31. 

Furthermore, plant chemical compounds contributed 
to the reduction of zinc ions and acted as stabilizing 
agents32.  The sizes of the zinc nanoparticles were 
determined to be in the range of (19.17 to 45.33) nm, 
which is similar to what15 found, where zinc 
nanoparticles ranged in size from 5 to 50 nm33. 
Observed zinc nanoparticle sizes of 40 to 70 nm, 
which is similar to our results.
The important functional groups involved in the 
reduction and stabilization of zinc nanoparticles were 
identified using FTIR; the results of the current study 
are similar to those obtained by34   who observed 
peaks at 538.39 cm⁻¹, 1,637.54 cm⁻¹, and 3,415.04 
cm⁻¹. They are also similar to those found by14, 
where the band 1618.92 cm⁻¹ indicates C=C in the 
aromatic ring, while 1,344.98 cm⁻¹ indicates C-N 
extension of amide-I protein compounds. The band at 
3422 cm⁻¹ could indicate O–H hydroxyl groups 
associated with polyphenols of the plant extract, 
which contribute to the biosynthesis of zinc 
nanoparticles, while the band at 664 to 676 cm⁻¹ 
indicates the aromatic ring35. 
The active compounds that plant extracts typically 
possess play a role in the reduction, stabilization, and 
capping of zinc nanoparticles. These include phenols, 
amines, alkenes, alcohols, and carboxylic acids36. 
Antibacterial effect of zinc nanoparticles: The 
inhibitory effect of zinc nanoparticles against 
Staphylococcus aureus bacteria showed an increase 
with increasing nanoparticle concentration; similar to 
a study37 it was observed, zone inhibition (15 to 26 
mm for S. aureus at 40 µg mL−1). Also, 38 found that 
the inhibitory diameter of zinc nanoparticles against 
Staphylococcus aureus was about 27 mm; 39 also 
noted the role of zinc nanoparticles in inhibiting 
Staphylococcus aureus.
Zinc oxide nanoparticles exhibit antibacterial activity, 
particularly against Gram-positive bacteria. Their 
increased antibacterial efficacy may be attributed to 
their ability to produce reactive oxygen species 
(ROS), such as hydrogen peroxide (H₂O₂), which can 
readily penetrate the bacterial cell membrane, leading 
to cell death40. The increased ROS production, 
resulting from the large surface area-to-volume ratio 
of zinc nanoparticles, further enhances their 
antibacterial activity41. In the presence of 
nanoparticles, zinc ions are released directly and bind 
to the cell membrane. This process leads to damage to 
genetic material and the breakdown of proteins, as 
well as the respiratory chain and enzyme synthesis. 
By interfering with the thiol group of enzymes, it 
leads to bacterial death42,43.
Screening Bacterial Biofilm and Antibiofilm of Zinc 
Nanoparticles: Staphylococcus aureus is a bacterium 

that poses a threat to human health due to its 
increasing resistance to antibiotics and its ability to 
produce biofilms. However, this biofilm production 
was reduced after treatment with zinc nanoparticles 
using both microtiter plate and Congo red agar 
methods. These results are similar to those found in a 
study39 who observed that biofilm production by 
Staphylococcus aureus was reduced by 91.0% after 
treatment with zinc nanoparticles using the microtiter 
plate. This also aligns with the findings of another 
study44, which observed that 99.0% of Staphylococcus 
aureus isolates produced biofilms before treatment 
with zinc nanoparticles but lost this ability after 
microtiter plate treatment. Similarly, Staphylococcus 
aureus was found among the biofilm-producing 
isolates using both Congo red and microtiter plate 
methods. These findings are consistent with those of 
Mendes et al45, who found that the biofilm produced 
by Staphylococcus aureus was reduced after treatment 
with zinc nanoparticles using the microtiter method. 
Zinc nanoparticles influence the formation of the 
exopolysaccharide layer, which plays a role in 
bacterial adhesion to host cells and biofilm 
development.
Zinc nanoparticles can penetrate the bacterial cell 
wall and kill the bacteria46. Metallic nanoparticles 
play a crucial role in controlling biofilm production 
due to their physicochemical properties47. The 
anti-biofilm effect of metallic nanoparticles can be 
achieved by penetrating the bacterial cell wall and 
interfering with the extracellular polymer matrix of 
the biofilm48. They can also disrupt the quorum 
sensing mechanism49. The activity of reactive oxygen 
species (ROS) on these nanoparticles is known to 
induce bacterial membrane damage. Oxidative stress 
resulting from ROS leads to the production of free 
radicals, including hydroxyl radicals, hydrogen 
peroxide radicals, and superoxide radicals, which 
damage bacterial DNA and protein structures50.

Conclusion
Biosynthesized zinc nanoparticles showed activity as 
antibacterial effect synthesis from aqueous extract of 
Lawsonia inermis. Therefore, it may suggest their 
potential as a novel therapeutic approach as an 
antibacterial agent.                                           
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Figure IV: Antibacterial Effect (inhibition zone in mm) of Zinc nanoparticles concentrations (100,75,50,25) 
%, H. E.= Henna extract (Lawsonia inermis) to Staphylococcus aureus bacteria

Table 2: Antibacterial effect (inhibition zone in 
mm) of synthesized Zinc nanoparticles 

Bacteria    

Staph. aureus 1
Staph. aureus 2
Staph. aureus 3
Staph. aureus 4

75%
14
15
15
13

100%
17
16
17
15

Zinc nano-Concentrations
25%

9
10
10
9

50%
12
13
12
10

Figure III: FTIR analysis of Zinc nanoparticles
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Introduction
The increasing emergence of multidrug-resistant 
bacterial pathogens, usually resulting from the 
indiscriminate use of antibiotics, is causing 

infectious diseases. This has directly impacted 
public health and the economy due to the rise in 
healthcare expenditures for treating patients with 
these diseases1. Therefore, there is a pressing need 

to find alternatives to antibiotics to replace those 
ineffective against resistant bacteria, such as Staph. 
aureus, a major clinically significant lead to 
different infectious diseases2. From minor skin 
infections include cellulitis and abscesses and to 
more threat- infections such as endocarditis, sepsis, 
osteomyelitis, pneumonia, syndrome also UTIs3. It 
related to antibiotic resistance and production of 
biofilms represent a serious public health and 
complicated the treatment of infections caused by 
these bacteria4. In context, nanotechnology has 
emerged as a promising approach to address 
challenge of antibiotic resistance5.
Nanoparticles are three-dimensional particles 
ranging in size from 1 to 100 nanometers6, several 
types of nanoparticles including Fe3O4, TiO2, 
CeO2, and ZnO2 have significant importance due to 
their bioavailability and low cost7. These particles 
can be synthesized from various environmentally 
friendly sources, including bacteria, fungi, algae, 
and plant components8 zinc nanoparticles 
synthesized from plant extracts exhibit antibacterial 
activity compared to conventional treatments9 
Therefore, the study aimed to determine effect of 
biosynthesized zinc nanoparticles on 
Staphylococcus aureus growth and biofilm 
production.

Methodology
Study Design: This was a cross-sectional study 
which was conducted in the Department of biology, 
College of Science, University of Tikrit, Tikrit, Iraq 
from May 2025 to December 2025. A sterile swabs 
used to collect samples from diabetic foot ulcers of 
Fifty patients (34) male and (16) female arrived to 
Tikrit Teaching Hospital in Tikrit City from the 
period of May 2025 to December 2025 then swabs 
samples transfer to Microbiology Laboratory of 
Tikrit Teaching Hospital, Iraq and cultured on 
Mannitol salt agar and Gram-staining, and a series 
of biochemical tests include catalase and coagulase 
test also identified by using VITEK-2 technique 
(BioMérieux, France). Then detect antibiotics 
sensitivity test of staph. aureus and Biofilm 
formation.
Antibiotic Resistance Test: The Kirby-Bauer 
method detected the resistance of bacterial isolates 
to seven antibiotics (Manufacture Company, 
Bioanalyse, Turkey), following the methodology10,11 
(Table 1). Bacterial suspension was adjusted to 
match the McFarland 0.5 standard; it was spread on 
Mueller-Hinton agar (Oxweed, England) using a 
sterile swab. The inoculated plates were left for five 
minutes, then antibiotic discs were transferred to the 

plate surface using sterile forceps. Then petri plates 
were incubated in an incubator for 24 hours at 37°C. 
The results were interpreted according to the 
guidelines of the Clinical and Laboratory Standards 
Institute (CLSI).
Qualitative method of Biofilm production: 
Congo Red Agar method used to detect Biofilm 
production like qualitative method12 bacterial 
suspension (1×108) inoculated on plates by sterile 
lobe, then plates incubated for 24 hours at 37°C, the 
result appeared colony Black, indicate production 
biofilms while colony red color negative result. 
Quantitative method of Biofilm production: 
Microtiter plate assay used according to a study13, 
added 200 μL/well of the prepared   bacterial 
suspension (1×108) to A sterile 96-hole microtiter 
plates used to detect ability of bacteria produce 
biofilm. After incubation at 37°C for 48 hours then 
washed well used by sterile phosphate-buffered 
saline (PBS) gently after that plates a dry it in oven 
at 60°C for 60 minutes the well of plate staining by 
added 200 μL of 0.5% (w/v) crystal violet solution 
and let it 15 minutes, remove   stain through rinsed 
off with sterile distilled water. And dried plate a 
37°C incubator for 30 minutes. Finally, add 200 μl 
of 96.0% ethanol to each well, and then detect 
biofilm biomass by measuring optical density at the 
appropriate wavelength
Green synthesis of Zinc nanoparticles: The 
solution extract of plant and zinc with synthesis 
method was according to the studies with some 
modifications14,15.
Preparation of Lawsonia inermis plant extract 
and Zinc Solution: The plant extract of henna (Buy 
them from local markets (was prepared by weighing 
10 grams of henna powder and heating it in 100 ml 
of deionized distilled water placed in a 250 ml 
volumetric flask and heating it for 5 minutes in a 
water bath. Then the extract was filtered using 
Whitman filter paper, while, a zinc nitrate solution 
was prepared at a concentration of 0.1 M (Zn 
(NO3)2.6H2O) by dissolving it at 60°C (prepared 
by Merck, Germany) and stored in an opaque bottle 
at 4°C B-Synthesis Zinc nanoparticles Zinc 
nanoparticles were manufactured by gradually 
adding 10 ml of aqueous henna extract to 90 ml of 
zinc nitrate solution at 70°C with continuous 
stirring through a magnetic stirrer until a color 
change occurred, which lasted 30 minutes.
Characterization of Zinc Nanoparticles: Zinc 
nanoparticles generated with Lawsonia inermis 
extracts were analyzed through used UV–vis 
spectroscopy for detect nanoparticles (Shimadzu, 
Tokyo, Japan), SEM (Gallenkamp, England), FTIR 
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spectroscopy (Shimadzu, Germany), and 
characterized according to protocols16. Screening of 
Zinc Nanoparticles as Antibacterial agent. The 
antibacterial activity of zinc nanoparticles was 
determined using the well diffusion method against 
Staphylococcus aureus, according to studies by17 
bacterial suspension, stabilized with McFarland's 
solution 1 × 10⁸, was spread on Mueller-Hinton agar 
using a sterile cotton swab. The plates were left to 
stand for 15 minutes, then wells (6 mm in diameter) 
were prepared using a sterile cork drill, one hundred 
µLof zinc nanoparticles (25.0%, 50.0%, 75.0%, and 
100.0%) was added (one concentration each well). 
Additionally, 100 µL of sterile distilled water was 
added to one well as a negative control. The Petri 
dishes incubated at 37°C for 24 hours After 
incubation, the diameters of the inhibition zones 
that formed around those wells were recorded.
Antibiofilm Effect of Zinc Nanoparticles: Effect 
Zinc nanoparticles on biofilm of Staphylococcus 
aureus detect through:
Qualitative Method: The Congo red agar used to 
detect  effect zinc nanoparticles on biofilm 
formation through Added 120 μL of bacterial 
suspension (1×108) to 80 μL zinc nanoparticles 
concentrations (25.0%, 50.0%,75.0%) in test tubes 
sterilized (tube each concentration), Then tubes 
incubated at 370 C for 24 hours, after that 5 
microliter for each tube transfer by micropipette to 
Congo red plates incubated at 370 C for 24 hours18.
Quantitative Method: Microtiter plate method was 
used to determined zinc nanoparticles effect on 
production biofilms of Staphylococcus aureus 
according to19 with some modifications, 100 μL of 
bacterial suspension (1×108) added to each well of 
plate,  after that added 100 μL of concentrations 

zinc nanoparticles SubMic (25.0%, 50.0%,75.0%) 
then incubated at 37°C for 24 hours after incubated 
time bacterial solution removed, and well washed 
twice by used phosphate buffer solution and dried it 
then added for each well 200 μL of 1.0%  stain 
crystal violet solution. escape stain, added 200μL of 
absolute ethanol, calculated OD through used an 
ELISA reader at 630nm, the medium Brain heart 
infusion broths used as a negative control.
Statistical Analysis: The study results do not 
require statistical software; only percentages were 
used in the reported results of the study 
Ethical Consideration: Ethical Consideration was 
conducted according to the Declaration of Helsinki 
with formal Ethics approval from the Biology 
Department, College of Science, Tikrit University, 
Salah al-Din, Iraq (Approval No. 0422; on 23 April 
2025). Also, written informed consent was obtained 
from all author participants.

Results
Bacterial Isolates of Staphylococcus aureus: Only 
nine bacterial isolates of Staphylococcus aureus 
18.0% of total fifty swabs samples taken from 
patients appeared results while others not  
Antibiotic Resistance Profile: Four bacterial 
isolates of Staphylococcus aureus in this study  
showed resistance to seven types antibiotics while 
other isolates five isolates showed sensitivity to 
antibiotics in the study (Table 1).
The results of the zinc biosynthesis include a color 
change to yellow and characterization of zinc 
nanoparticle formation through ultraviolet 
spectroscopy examination, which showed an 
absorption peak at 372 nm (Figure IA&B). 

The size of zinc nanoparticles was detected by using 
scanning electron microscope examination, 

showing a spherical shape and a size range from 
19.17 to 45.33 nm (Figure II).

While FTIR analysis detects bands at 677.95, 
1383.76, 1637.34, 2077.06, and 3416.85 cm⁻¹ 
(Figure III).
Screening of Zinc Nanoparticles as an 
Antibacterial Agent: All concentrations of zinc 
nanoparticles showed inhibitory activity against 
multidrug-resistant Staphylococcus aureus and 
increase zone inhibition according to increase 
concentration the rang zone inhibition (15 to 17) 
mm (Table 2, Figure IV). 

Screening bacterial   Biofilm and antibiofilm of 
Zinc Nanoparticles 

Congo Red Agar Method: Total nine isolates four 
isolates produce strong to biofilm while others 
weak, Staphylococcus aureus four isolates showed 
color black colony on plate Congo red agar while 
showed red color after bacteria treat with SubMic 
(25.0%, 50.0%,75.0%) zinc Nanoparticles (Figure 
V).
Microtiter Plate Method: The biofilm formation of 
Staph. Aureus before treating with zinc 
nanoparticles at concentrations according to 
absorbance value between 0.621 to 445 AU 
compare with absorbance values which decrease 
after treating Staphylococcus aureus isolates with 
SubMic (25.0%, 50.0%,75.0%) concentration zinc 
nanoparticles appeared rang (0.112 to 0.067) AV 
(Table 3).

Discussion
Diabetic foot ulcers are a major complication of 
diabetes. If left untreated, these ulcers and wounds 
can lead to more serious complications, including 
osteomyelitis, gangrene, and amputation. Surgery and 

antibiotic therapy are used to control these infections, 
especially bacterial ones. Males were found to have a 
higher incidence of these infections compared to 
females; this may be attributed to the role males play 
in outdoor activities that can lead to work-related 
injuries and ulcer development. Similarly, the 
majority of participants with diabetic foot ulcer 
infections were between 50 and 60 years old, 
consistent with a study20. The infections are caused by 
several types of bacteria, including Staphylococcus 
aureus, which is the predominant Gram-positive 
strain, consistent with the observation21 
Gram-positive bacteria 41 (32.0%). Among the 
isolated bacteria, the most predominant bacteria were 
Staphylococcus aureus 25.19% (32/127)
The resistance of four isolates of Staphylococcus 
aureus to antibiotics was very high, reaching 100% 
resistance to all antibiotics except for one bacterial 
isolate, which was sensitive to meropenem and 
levofloxacin. This is similar to the results of a study22, 
which observed that Staphylococcus aureus bacteria 
isolated from urine samples exhibited high levels of 
resistance to cefotaxime 100.0% and levofloxacin 
53.0% while meropenem and ampicillin 76.0%. Also, 
resistance to cefixime (48.6%), amikacin (52.9%), 

meropenem (44.3%), and levofloxacin (64.3%). 
Congdon et al23 also observed 100.0% resistance to 
ampicillin, cefoxitin (78.6%), and Amikacin (73.8%), 
while meropenem showed resistance (19.0%).
Bacteria have different mechanism to Resistance 
antibiotic include Resistance to β-lactam antibiotics 
as penicillin is associated with ability to inhibit 
synthesis bacterial cell wall. All beta-lactam 
antibiotics act on PBPs (penicillin-binding proteins). 
Also, Modifications of PBPs one of resistance 
mechanisms of β-lactam antibiotics. Bacteria reduce 
affinity to PBPs and increase expression of 
β-lactamase led to hydrolysis of β-lactam ring of 
antibiotics24 While aminoglycoside antibiotics such 
amikacin resistance bacteria due to produce 
aminoglycoside -modifying enzymes led to hydrolyze 
susceptible bonds like esters and amides in 
aminoglycosides groups25.
Fluoroquinolone antibiotics resistance as levofloxacin 
antibiotic mediated mutations in DNA gyrase enzyme 
and topoisomerase genes26, another mechanism 
include Modification of metabolic pathways as 
antibiotic Trimethoprim-sulfamethoxazole through 
absence or alteration of para-aminobenzoic acid, was 
a precursor to nucleic acid and synthesis folic acid, 
allows bacteria to overcome inhibitory effects of 
antibiotic targeting these pathways27. 
Zinc Nanoparticles Synthesis: Color change is the 
first step in the formation of zinc nanoparticles. A 
pale-yellow color was observed, a result consistent 
with that obtained by an author14 who observed a 
color change in henna extract after adding zinc 
nitrate. Similarly28, also found a color change from 
dark brown to pale yellow in henna after adding zinc 
nitrate. It is known that the plant is rich in active 
compounds, including flavonoids, saponins, 
methylxanthines, and phenolic acids, which act as 
reducing and capping agents and play a role in 
nanoparticle synthesis29. The reduction of the metal 
ion also occurs through a mixture of bioactive 
substances in the plant extract, including proteins, 
enzymes, and polysaccharides28.
Confirming the formation of nanoparticles requires 
tests that determine the optical properties of zinc 
nanoparticles using UV spectroscopy. An absorption 
band of 372 nm was obtained, similar to that of15 
(395 nm), which indicates the synthesis of zinc 
nanoparticles, suggesting the formation of zinc 
nanoparticles from henna extract30. Exhibited a 
prominent absorption band at approximately 385 nm, 
a characteristic feature of zinc oxide nanoparticles. 
This band is used to describe zinc nanoparticles. The 
absorption range exhibited by zinc nanoparticles is 
influenced by surface plasmon resonance (SPR)31. 

Furthermore, plant chemical compounds contributed 
to the reduction of zinc ions and acted as stabilizing 
agents32.  The sizes of the zinc nanoparticles were 
determined to be in the range of (19.17 to 45.33) nm, 
which is similar to what15 found, where zinc 
nanoparticles ranged in size from 5 to 50 nm33. 
Observed zinc nanoparticle sizes of 40 to 70 nm, 
which is similar to our results.
The important functional groups involved in the 
reduction and stabilization of zinc nanoparticles were 
identified using FTIR; the results of the current study 
are similar to those obtained by34   who observed 
peaks at 538.39 cm⁻¹, 1,637.54 cm⁻¹, and 3,415.04 
cm⁻¹. They are also similar to those found by14, 
where the band 1618.92 cm⁻¹ indicates C=C in the 
aromatic ring, while 1,344.98 cm⁻¹ indicates C-N 
extension of amide-I protein compounds. The band at 
3422 cm⁻¹ could indicate O–H hydroxyl groups 
associated with polyphenols of the plant extract, 
which contribute to the biosynthesis of zinc 
nanoparticles, while the band at 664 to 676 cm⁻¹ 
indicates the aromatic ring35. 
The active compounds that plant extracts typically 
possess play a role in the reduction, stabilization, and 
capping of zinc nanoparticles. These include phenols, 
amines, alkenes, alcohols, and carboxylic acids36. 
Antibacterial effect of zinc nanoparticles: The 
inhibitory effect of zinc nanoparticles against 
Staphylococcus aureus bacteria showed an increase 
with increasing nanoparticle concentration; similar to 
a study37 it was observed, zone inhibition (15 to 26 
mm for S. aureus at 40 µg mL−1). Also, 38 found that 
the inhibitory diameter of zinc nanoparticles against 
Staphylococcus aureus was about 27 mm; 39 also 
noted the role of zinc nanoparticles in inhibiting 
Staphylococcus aureus.
Zinc oxide nanoparticles exhibit antibacterial activity, 
particularly against Gram-positive bacteria. Their 
increased antibacterial efficacy may be attributed to 
their ability to produce reactive oxygen species 
(ROS), such as hydrogen peroxide (H₂O₂), which can 
readily penetrate the bacterial cell membrane, leading 
to cell death40. The increased ROS production, 
resulting from the large surface area-to-volume ratio 
of zinc nanoparticles, further enhances their 
antibacterial activity41. In the presence of 
nanoparticles, zinc ions are released directly and bind 
to the cell membrane. This process leads to damage to 
genetic material and the breakdown of proteins, as 
well as the respiratory chain and enzyme synthesis. 
By interfering with the thiol group of enzymes, it 
leads to bacterial death42,43.
Screening Bacterial Biofilm and Antibiofilm of Zinc 
Nanoparticles: Staphylococcus aureus is a bacterium 

that poses a threat to human health due to its 
increasing resistance to antibiotics and its ability to 
produce biofilms. However, this biofilm production 
was reduced after treatment with zinc nanoparticles 
using both microtiter plate and Congo red agar 
methods. These results are similar to those found in a 
study39 who observed that biofilm production by 
Staphylococcus aureus was reduced by 91.0% after 
treatment with zinc nanoparticles using the microtiter 
plate. This also aligns with the findings of another 
study44, which observed that 99.0% of Staphylococcus 
aureus isolates produced biofilms before treatment 
with zinc nanoparticles but lost this ability after 
microtiter plate treatment. Similarly, Staphylococcus 
aureus was found among the biofilm-producing 
isolates using both Congo red and microtiter plate 
methods. These findings are consistent with those of 
Mendes et al45, who found that the biofilm produced 
by Staphylococcus aureus was reduced after treatment 
with zinc nanoparticles using the microtiter method. 
Zinc nanoparticles influence the formation of the 
exopolysaccharide layer, which plays a role in 
bacterial adhesion to host cells and biofilm 
development.
Zinc nanoparticles can penetrate the bacterial cell 
wall and kill the bacteria46. Metallic nanoparticles 
play a crucial role in controlling biofilm production 
due to their physicochemical properties47. The 
anti-biofilm effect of metallic nanoparticles can be 
achieved by penetrating the bacterial cell wall and 
interfering with the extracellular polymer matrix of 
the biofilm48. They can also disrupt the quorum 
sensing mechanism49. The activity of reactive oxygen 
species (ROS) on these nanoparticles is known to 
induce bacterial membrane damage. Oxidative stress 
resulting from ROS leads to the production of free 
radicals, including hydroxyl radicals, hydrogen 
peroxide radicals, and superoxide radicals, which 
damage bacterial DNA and protein structures50.

Conclusion
Biosynthesized zinc nanoparticles showed activity as 
antibacterial effect synthesis from aqueous extract of 
Lawsonia inermis. Therefore, it may suggest their 
potential as a novel therapeutic approach as an 
antibacterial agent.                                           
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Figure V: Antibiofilm Effect of Zinc nanoparticles on Staphylococcus aureus bacteria (A) After 
treatment (B) Before treatment Staphylococcus aureus with Zinc nanoparticles

Bacterial
Isolates
Staph. aureus 1
Staph. aureus 2
Staph. aureus 3
Staph. aureus 4

OD at 630nm
0.445
0.512
0.460
0.621

NO.

1
2
3
4

Biofilms 
Strong
Strong
Strong
Strong

OD at 630nm
0.067
0.102
0.090
0.112

 Biofilms
Weak
Weak
Weak
Weak

After treatmentBefore treatment

Table 3: value formation biofilm before treat with Zinc nanoparticles and after treatment
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Introduction
The increasing emergence of multidrug-resistant 
bacterial pathogens, usually resulting from the 
indiscriminate use of antibiotics, is causing 

infectious diseases. This has directly impacted 
public health and the economy due to the rise in 
healthcare expenditures for treating patients with 
these diseases1. Therefore, there is a pressing need 

to find alternatives to antibiotics to replace those 
ineffective against resistant bacteria, such as Staph. 
aureus, a major clinically significant lead to 
different infectious diseases2. From minor skin 
infections include cellulitis and abscesses and to 
more threat- infections such as endocarditis, sepsis, 
osteomyelitis, pneumonia, syndrome also UTIs3. It 
related to antibiotic resistance and production of 
biofilms represent a serious public health and 
complicated the treatment of infections caused by 
these bacteria4. In context, nanotechnology has 
emerged as a promising approach to address 
challenge of antibiotic resistance5.
Nanoparticles are three-dimensional particles 
ranging in size from 1 to 100 nanometers6, several 
types of nanoparticles including Fe3O4, TiO2, 
CeO2, and ZnO2 have significant importance due to 
their bioavailability and low cost7. These particles 
can be synthesized from various environmentally 
friendly sources, including bacteria, fungi, algae, 
and plant components8 zinc nanoparticles 
synthesized from plant extracts exhibit antibacterial 
activity compared to conventional treatments9 
Therefore, the study aimed to determine effect of 
biosynthesized zinc nanoparticles on 
Staphylococcus aureus growth and biofilm 
production.

Methodology
Study Design: This was a cross-sectional study 
which was conducted in the Department of biology, 
College of Science, University of Tikrit, Tikrit, Iraq 
from May 2025 to December 2025. A sterile swabs 
used to collect samples from diabetic foot ulcers of 
Fifty patients (34) male and (16) female arrived to 
Tikrit Teaching Hospital in Tikrit City from the 
period of May 2025 to December 2025 then swabs 
samples transfer to Microbiology Laboratory of 
Tikrit Teaching Hospital, Iraq and cultured on 
Mannitol salt agar and Gram-staining, and a series 
of biochemical tests include catalase and coagulase 
test also identified by using VITEK-2 technique 
(BioMérieux, France). Then detect antibiotics 
sensitivity test of staph. aureus and Biofilm 
formation.
Antibiotic Resistance Test: The Kirby-Bauer 
method detected the resistance of bacterial isolates 
to seven antibiotics (Manufacture Company, 
Bioanalyse, Turkey), following the methodology10,11 
(Table 1). Bacterial suspension was adjusted to 
match the McFarland 0.5 standard; it was spread on 
Mueller-Hinton agar (Oxweed, England) using a 
sterile swab. The inoculated plates were left for five 
minutes, then antibiotic discs were transferred to the 

plate surface using sterile forceps. Then petri plates 
were incubated in an incubator for 24 hours at 37°C. 
The results were interpreted according to the 
guidelines of the Clinical and Laboratory Standards 
Institute (CLSI).
Qualitative method of Biofilm production: 
Congo Red Agar method used to detect Biofilm 
production like qualitative method12 bacterial 
suspension (1×108) inoculated on plates by sterile 
lobe, then plates incubated for 24 hours at 37°C, the 
result appeared colony Black, indicate production 
biofilms while colony red color negative result. 
Quantitative method of Biofilm production: 
Microtiter plate assay used according to a study13, 
added 200 μL/well of the prepared   bacterial 
suspension (1×108) to A sterile 96-hole microtiter 
plates used to detect ability of bacteria produce 
biofilm. After incubation at 37°C for 48 hours then 
washed well used by sterile phosphate-buffered 
saline (PBS) gently after that plates a dry it in oven 
at 60°C for 60 minutes the well of plate staining by 
added 200 μL of 0.5% (w/v) crystal violet solution 
and let it 15 minutes, remove   stain through rinsed 
off with sterile distilled water. And dried plate a 
37°C incubator for 30 minutes. Finally, add 200 μl 
of 96.0% ethanol to each well, and then detect 
biofilm biomass by measuring optical density at the 
appropriate wavelength
Green synthesis of Zinc nanoparticles: The 
solution extract of plant and zinc with synthesis 
method was according to the studies with some 
modifications14,15.
Preparation of Lawsonia inermis plant extract 
and Zinc Solution: The plant extract of henna (Buy 
them from local markets (was prepared by weighing 
10 grams of henna powder and heating it in 100 ml 
of deionized distilled water placed in a 250 ml 
volumetric flask and heating it for 5 minutes in a 
water bath. Then the extract was filtered using 
Whitman filter paper, while, a zinc nitrate solution 
was prepared at a concentration of 0.1 M (Zn 
(NO3)2.6H2O) by dissolving it at 60°C (prepared 
by Merck, Germany) and stored in an opaque bottle 
at 4°C B-Synthesis Zinc nanoparticles Zinc 
nanoparticles were manufactured by gradually 
adding 10 ml of aqueous henna extract to 90 ml of 
zinc nitrate solution at 70°C with continuous 
stirring through a magnetic stirrer until a color 
change occurred, which lasted 30 minutes.
Characterization of Zinc Nanoparticles: Zinc 
nanoparticles generated with Lawsonia inermis 
extracts were analyzed through used UV–vis 
spectroscopy for detect nanoparticles (Shimadzu, 
Tokyo, Japan), SEM (Gallenkamp, England), FTIR 
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spectroscopy (Shimadzu, Germany), and 
characterized according to protocols16. Screening of 
Zinc Nanoparticles as Antibacterial agent. The 
antibacterial activity of zinc nanoparticles was 
determined using the well diffusion method against 
Staphylococcus aureus, according to studies by17 
bacterial suspension, stabilized with McFarland's 
solution 1 × 10⁸, was spread on Mueller-Hinton agar 
using a sterile cotton swab. The plates were left to 
stand for 15 minutes, then wells (6 mm in diameter) 
were prepared using a sterile cork drill, one hundred 
µLof zinc nanoparticles (25.0%, 50.0%, 75.0%, and 
100.0%) was added (one concentration each well). 
Additionally, 100 µL of sterile distilled water was 
added to one well as a negative control. The Petri 
dishes incubated at 37°C for 24 hours After 
incubation, the diameters of the inhibition zones 
that formed around those wells were recorded.
Antibiofilm Effect of Zinc Nanoparticles: Effect 
Zinc nanoparticles on biofilm of Staphylococcus 
aureus detect through:
Qualitative Method: The Congo red agar used to 
detect  effect zinc nanoparticles on biofilm 
formation through Added 120 μL of bacterial 
suspension (1×108) to 80 μL zinc nanoparticles 
concentrations (25.0%, 50.0%,75.0%) in test tubes 
sterilized (tube each concentration), Then tubes 
incubated at 370 C for 24 hours, after that 5 
microliter for each tube transfer by micropipette to 
Congo red plates incubated at 370 C for 24 hours18.
Quantitative Method: Microtiter plate method was 
used to determined zinc nanoparticles effect on 
production biofilms of Staphylococcus aureus 
according to19 with some modifications, 100 μL of 
bacterial suspension (1×108) added to each well of 
plate,  after that added 100 μL of concentrations 

zinc nanoparticles SubMic (25.0%, 50.0%,75.0%) 
then incubated at 37°C for 24 hours after incubated 
time bacterial solution removed, and well washed 
twice by used phosphate buffer solution and dried it 
then added for each well 200 μL of 1.0%  stain 
crystal violet solution. escape stain, added 200μL of 
absolute ethanol, calculated OD through used an 
ELISA reader at 630nm, the medium Brain heart 
infusion broths used as a negative control.
Statistical Analysis: The study results do not 
require statistical software; only percentages were 
used in the reported results of the study 
Ethical Consideration: Ethical Consideration was 
conducted according to the Declaration of Helsinki 
with formal Ethics approval from the Biology 
Department, College of Science, Tikrit University, 
Salah al-Din, Iraq (Approval No. 0422; on 23 April 
2025). Also, written informed consent was obtained 
from all author participants.

Results
Bacterial Isolates of Staphylococcus aureus: Only 
nine bacterial isolates of Staphylococcus aureus 
18.0% of total fifty swabs samples taken from 
patients appeared results while others not  
Antibiotic Resistance Profile: Four bacterial 
isolates of Staphylococcus aureus in this study  
showed resistance to seven types antibiotics while 
other isolates five isolates showed sensitivity to 
antibiotics in the study (Table 1).
The results of the zinc biosynthesis include a color 
change to yellow and characterization of zinc 
nanoparticle formation through ultraviolet 
spectroscopy examination, which showed an 
absorption peak at 372 nm (Figure IA&B). 

The size of zinc nanoparticles was detected by using 
scanning electron microscope examination, 

showing a spherical shape and a size range from 
19.17 to 45.33 nm (Figure II).

While FTIR analysis detects bands at 677.95, 
1383.76, 1637.34, 2077.06, and 3416.85 cm⁻¹ 
(Figure III).
Screening of Zinc Nanoparticles as an 
Antibacterial Agent: All concentrations of zinc 
nanoparticles showed inhibitory activity against 
multidrug-resistant Staphylococcus aureus and 
increase zone inhibition according to increase 
concentration the rang zone inhibition (15 to 17) 
mm (Table 2, Figure IV). 

Screening bacterial   Biofilm and antibiofilm of 
Zinc Nanoparticles 

Congo Red Agar Method: Total nine isolates four 
isolates produce strong to biofilm while others 
weak, Staphylococcus aureus four isolates showed 
color black colony on plate Congo red agar while 
showed red color after bacteria treat with SubMic 
(25.0%, 50.0%,75.0%) zinc Nanoparticles (Figure 
V).
Microtiter Plate Method: The biofilm formation of 
Staph. Aureus before treating with zinc 
nanoparticles at concentrations according to 
absorbance value between 0.621 to 445 AU 
compare with absorbance values which decrease 
after treating Staphylococcus aureus isolates with 
SubMic (25.0%, 50.0%,75.0%) concentration zinc 
nanoparticles appeared rang (0.112 to 0.067) AV 
(Table 3).

Discussion
Diabetic foot ulcers are a major complication of 
diabetes. If left untreated, these ulcers and wounds 
can lead to more serious complications, including 
osteomyelitis, gangrene, and amputation. Surgery and 

antibiotic therapy are used to control these infections, 
especially bacterial ones. Males were found to have a 
higher incidence of these infections compared to 
females; this may be attributed to the role males play 
in outdoor activities that can lead to work-related 
injuries and ulcer development. Similarly, the 
majority of participants with diabetic foot ulcer 
infections were between 50 and 60 years old, 
consistent with a study20. The infections are caused by 
several types of bacteria, including Staphylococcus 
aureus, which is the predominant Gram-positive 
strain, consistent with the observation21 
Gram-positive bacteria 41 (32.0%). Among the 
isolated bacteria, the most predominant bacteria were 
Staphylococcus aureus 25.19% (32/127)
The resistance of four isolates of Staphylococcus 
aureus to antibiotics was very high, reaching 100% 
resistance to all antibiotics except for one bacterial 
isolate, which was sensitive to meropenem and 
levofloxacin. This is similar to the results of a study22, 
which observed that Staphylococcus aureus bacteria 
isolated from urine samples exhibited high levels of 
resistance to cefotaxime 100.0% and levofloxacin 
53.0% while meropenem and ampicillin 76.0%. Also, 
resistance to cefixime (48.6%), amikacin (52.9%), 

meropenem (44.3%), and levofloxacin (64.3%). 
Congdon et al23 also observed 100.0% resistance to 
ampicillin, cefoxitin (78.6%), and Amikacin (73.8%), 
while meropenem showed resistance (19.0%).
Bacteria have different mechanism to Resistance 
antibiotic include Resistance to β-lactam antibiotics 
as penicillin is associated with ability to inhibit 
synthesis bacterial cell wall. All beta-lactam 
antibiotics act on PBPs (penicillin-binding proteins). 
Also, Modifications of PBPs one of resistance 
mechanisms of β-lactam antibiotics. Bacteria reduce 
affinity to PBPs and increase expression of 
β-lactamase led to hydrolysis of β-lactam ring of 
antibiotics24 While aminoglycoside antibiotics such 
amikacin resistance bacteria due to produce 
aminoglycoside -modifying enzymes led to hydrolyze 
susceptible bonds like esters and amides in 
aminoglycosides groups25.
Fluoroquinolone antibiotics resistance as levofloxacin 
antibiotic mediated mutations in DNA gyrase enzyme 
and topoisomerase genes26, another mechanism 
include Modification of metabolic pathways as 
antibiotic Trimethoprim-sulfamethoxazole through 
absence or alteration of para-aminobenzoic acid, was 
a precursor to nucleic acid and synthesis folic acid, 
allows bacteria to overcome inhibitory effects of 
antibiotic targeting these pathways27. 
Zinc Nanoparticles Synthesis: Color change is the 
first step in the formation of zinc nanoparticles. A 
pale-yellow color was observed, a result consistent 
with that obtained by an author14 who observed a 
color change in henna extract after adding zinc 
nitrate. Similarly28, also found a color change from 
dark brown to pale yellow in henna after adding zinc 
nitrate. It is known that the plant is rich in active 
compounds, including flavonoids, saponins, 
methylxanthines, and phenolic acids, which act as 
reducing and capping agents and play a role in 
nanoparticle synthesis29. The reduction of the metal 
ion also occurs through a mixture of bioactive 
substances in the plant extract, including proteins, 
enzymes, and polysaccharides28.
Confirming the formation of nanoparticles requires 
tests that determine the optical properties of zinc 
nanoparticles using UV spectroscopy. An absorption 
band of 372 nm was obtained, similar to that of15 
(395 nm), which indicates the synthesis of zinc 
nanoparticles, suggesting the formation of zinc 
nanoparticles from henna extract30. Exhibited a 
prominent absorption band at approximately 385 nm, 
a characteristic feature of zinc oxide nanoparticles. 
This band is used to describe zinc nanoparticles. The 
absorption range exhibited by zinc nanoparticles is 
influenced by surface plasmon resonance (SPR)31. 

Furthermore, plant chemical compounds contributed 
to the reduction of zinc ions and acted as stabilizing 
agents32.  The sizes of the zinc nanoparticles were 
determined to be in the range of (19.17 to 45.33) nm, 
which is similar to what15 found, where zinc 
nanoparticles ranged in size from 5 to 50 nm33. 
Observed zinc nanoparticle sizes of 40 to 70 nm, 
which is similar to our results.
The important functional groups involved in the 
reduction and stabilization of zinc nanoparticles were 
identified using FTIR; the results of the current study 
are similar to those obtained by34   who observed 
peaks at 538.39 cm⁻¹, 1,637.54 cm⁻¹, and 3,415.04 
cm⁻¹. They are also similar to those found by14, 
where the band 1618.92 cm⁻¹ indicates C=C in the 
aromatic ring, while 1,344.98 cm⁻¹ indicates C-N 
extension of amide-I protein compounds. The band at 
3422 cm⁻¹ could indicate O–H hydroxyl groups 
associated with polyphenols of the plant extract, 
which contribute to the biosynthesis of zinc 
nanoparticles, while the band at 664 to 676 cm⁻¹ 
indicates the aromatic ring35. 
The active compounds that plant extracts typically 
possess play a role in the reduction, stabilization, and 
capping of zinc nanoparticles. These include phenols, 
amines, alkenes, alcohols, and carboxylic acids36. 
Antibacterial effect of zinc nanoparticles: The 
inhibitory effect of zinc nanoparticles against 
Staphylococcus aureus bacteria showed an increase 
with increasing nanoparticle concentration; similar to 
a study37 it was observed, zone inhibition (15 to 26 
mm for S. aureus at 40 µg mL−1). Also, 38 found that 
the inhibitory diameter of zinc nanoparticles against 
Staphylococcus aureus was about 27 mm; 39 also 
noted the role of zinc nanoparticles in inhibiting 
Staphylococcus aureus.
Zinc oxide nanoparticles exhibit antibacterial activity, 
particularly against Gram-positive bacteria. Their 
increased antibacterial efficacy may be attributed to 
their ability to produce reactive oxygen species 
(ROS), such as hydrogen peroxide (H₂O₂), which can 
readily penetrate the bacterial cell membrane, leading 
to cell death40. The increased ROS production, 
resulting from the large surface area-to-volume ratio 
of zinc nanoparticles, further enhances their 
antibacterial activity41. In the presence of 
nanoparticles, zinc ions are released directly and bind 
to the cell membrane. This process leads to damage to 
genetic material and the breakdown of proteins, as 
well as the respiratory chain and enzyme synthesis. 
By interfering with the thiol group of enzymes, it 
leads to bacterial death42,43.
Screening Bacterial Biofilm and Antibiofilm of Zinc 
Nanoparticles: Staphylococcus aureus is a bacterium 

that poses a threat to human health due to its 
increasing resistance to antibiotics and its ability to 
produce biofilms. However, this biofilm production 
was reduced after treatment with zinc nanoparticles 
using both microtiter plate and Congo red agar 
methods. These results are similar to those found in a 
study39 who observed that biofilm production by 
Staphylococcus aureus was reduced by 91.0% after 
treatment with zinc nanoparticles using the microtiter 
plate. This also aligns with the findings of another 
study44, which observed that 99.0% of Staphylococcus 
aureus isolates produced biofilms before treatment 
with zinc nanoparticles but lost this ability after 
microtiter plate treatment. Similarly, Staphylococcus 
aureus was found among the biofilm-producing 
isolates using both Congo red and microtiter plate 
methods. These findings are consistent with those of 
Mendes et al45, who found that the biofilm produced 
by Staphylococcus aureus was reduced after treatment 
with zinc nanoparticles using the microtiter method. 
Zinc nanoparticles influence the formation of the 
exopolysaccharide layer, which plays a role in 
bacterial adhesion to host cells and biofilm 
development.
Zinc nanoparticles can penetrate the bacterial cell 
wall and kill the bacteria46. Metallic nanoparticles 
play a crucial role in controlling biofilm production 
due to their physicochemical properties47. The 
anti-biofilm effect of metallic nanoparticles can be 
achieved by penetrating the bacterial cell wall and 
interfering with the extracellular polymer matrix of 
the biofilm48. They can also disrupt the quorum 
sensing mechanism49. The activity of reactive oxygen 
species (ROS) on these nanoparticles is known to 
induce bacterial membrane damage. Oxidative stress 
resulting from ROS leads to the production of free 
radicals, including hydroxyl radicals, hydrogen 
peroxide radicals, and superoxide radicals, which 
damage bacterial DNA and protein structures50.

Conclusion
Biosynthesized zinc nanoparticles showed activity as 
antibacterial effect synthesis from aqueous extract of 
Lawsonia inermis. Therefore, it may suggest their 
potential as a novel therapeutic approach as an 
antibacterial agent.                                           
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Introduction
The increasing emergence of multidrug-resistant 
bacterial pathogens, usually resulting from the 
indiscriminate use of antibiotics, is causing 

infectious diseases. This has directly impacted 
public health and the economy due to the rise in 
healthcare expenditures for treating patients with 
these diseases1. Therefore, there is a pressing need 

to find alternatives to antibiotics to replace those 
ineffective against resistant bacteria, such as Staph. 
aureus, a major clinically significant lead to 
different infectious diseases2. From minor skin 
infections include cellulitis and abscesses and to 
more threat- infections such as endocarditis, sepsis, 
osteomyelitis, pneumonia, syndrome also UTIs3. It 
related to antibiotic resistance and production of 
biofilms represent a serious public health and 
complicated the treatment of infections caused by 
these bacteria4. In context, nanotechnology has 
emerged as a promising approach to address 
challenge of antibiotic resistance5.
Nanoparticles are three-dimensional particles 
ranging in size from 1 to 100 nanometers6, several 
types of nanoparticles including Fe3O4, TiO2, 
CeO2, and ZnO2 have significant importance due to 
their bioavailability and low cost7. These particles 
can be synthesized from various environmentally 
friendly sources, including bacteria, fungi, algae, 
and plant components8 zinc nanoparticles 
synthesized from plant extracts exhibit antibacterial 
activity compared to conventional treatments9 
Therefore, the study aimed to determine effect of 
biosynthesized zinc nanoparticles on 
Staphylococcus aureus growth and biofilm 
production.

Methodology
Study Design: This was a cross-sectional study 
which was conducted in the Department of biology, 
College of Science, University of Tikrit, Tikrit, Iraq 
from May 2025 to December 2025. A sterile swabs 
used to collect samples from diabetic foot ulcers of 
Fifty patients (34) male and (16) female arrived to 
Tikrit Teaching Hospital in Tikrit City from the 
period of May 2025 to December 2025 then swabs 
samples transfer to Microbiology Laboratory of 
Tikrit Teaching Hospital, Iraq and cultured on 
Mannitol salt agar and Gram-staining, and a series 
of biochemical tests include catalase and coagulase 
test also identified by using VITEK-2 technique 
(BioMérieux, France). Then detect antibiotics 
sensitivity test of staph. aureus and Biofilm 
formation.
Antibiotic Resistance Test: The Kirby-Bauer 
method detected the resistance of bacterial isolates 
to seven antibiotics (Manufacture Company, 
Bioanalyse, Turkey), following the methodology10,11 
(Table 1). Bacterial suspension was adjusted to 
match the McFarland 0.5 standard; it was spread on 
Mueller-Hinton agar (Oxweed, England) using a 
sterile swab. The inoculated plates were left for five 
minutes, then antibiotic discs were transferred to the 

plate surface using sterile forceps. Then petri plates 
were incubated in an incubator for 24 hours at 37°C. 
The results were interpreted according to the 
guidelines of the Clinical and Laboratory Standards 
Institute (CLSI).
Qualitative method of Biofilm production: 
Congo Red Agar method used to detect Biofilm 
production like qualitative method12 bacterial 
suspension (1×108) inoculated on plates by sterile 
lobe, then plates incubated for 24 hours at 37°C, the 
result appeared colony Black, indicate production 
biofilms while colony red color negative result. 
Quantitative method of Biofilm production: 
Microtiter plate assay used according to a study13, 
added 200 μL/well of the prepared   bacterial 
suspension (1×108) to A sterile 96-hole microtiter 
plates used to detect ability of bacteria produce 
biofilm. After incubation at 37°C for 48 hours then 
washed well used by sterile phosphate-buffered 
saline (PBS) gently after that plates a dry it in oven 
at 60°C for 60 minutes the well of plate staining by 
added 200 μL of 0.5% (w/v) crystal violet solution 
and let it 15 minutes, remove   stain through rinsed 
off with sterile distilled water. And dried plate a 
37°C incubator for 30 minutes. Finally, add 200 μl 
of 96.0% ethanol to each well, and then detect 
biofilm biomass by measuring optical density at the 
appropriate wavelength
Green synthesis of Zinc nanoparticles: The 
solution extract of plant and zinc with synthesis 
method was according to the studies with some 
modifications14,15.
Preparation of Lawsonia inermis plant extract 
and Zinc Solution: The plant extract of henna (Buy 
them from local markets (was prepared by weighing 
10 grams of henna powder and heating it in 100 ml 
of deionized distilled water placed in a 250 ml 
volumetric flask and heating it for 5 minutes in a 
water bath. Then the extract was filtered using 
Whitman filter paper, while, a zinc nitrate solution 
was prepared at a concentration of 0.1 M (Zn 
(NO3)2.6H2O) by dissolving it at 60°C (prepared 
by Merck, Germany) and stored in an opaque bottle 
at 4°C B-Synthesis Zinc nanoparticles Zinc 
nanoparticles were manufactured by gradually 
adding 10 ml of aqueous henna extract to 90 ml of 
zinc nitrate solution at 70°C with continuous 
stirring through a magnetic stirrer until a color 
change occurred, which lasted 30 minutes.
Characterization of Zinc Nanoparticles: Zinc 
nanoparticles generated with Lawsonia inermis 
extracts were analyzed through used UV–vis 
spectroscopy for detect nanoparticles (Shimadzu, 
Tokyo, Japan), SEM (Gallenkamp, England), FTIR 
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spectroscopy (Shimadzu, Germany), and 
characterized according to protocols16. Screening of 
Zinc Nanoparticles as Antibacterial agent. The 
antibacterial activity of zinc nanoparticles was 
determined using the well diffusion method against 
Staphylococcus aureus, according to studies by17 
bacterial suspension, stabilized with McFarland's 
solution 1 × 10⁸, was spread on Mueller-Hinton agar 
using a sterile cotton swab. The plates were left to 
stand for 15 minutes, then wells (6 mm in diameter) 
were prepared using a sterile cork drill, one hundred 
µLof zinc nanoparticles (25.0%, 50.0%, 75.0%, and 
100.0%) was added (one concentration each well). 
Additionally, 100 µL of sterile distilled water was 
added to one well as a negative control. The Petri 
dishes incubated at 37°C for 24 hours After 
incubation, the diameters of the inhibition zones 
that formed around those wells were recorded.
Antibiofilm Effect of Zinc Nanoparticles: Effect 
Zinc nanoparticles on biofilm of Staphylococcus 
aureus detect through:
Qualitative Method: The Congo red agar used to 
detect  effect zinc nanoparticles on biofilm 
formation through Added 120 μL of bacterial 
suspension (1×108) to 80 μL zinc nanoparticles 
concentrations (25.0%, 50.0%,75.0%) in test tubes 
sterilized (tube each concentration), Then tubes 
incubated at 370 C for 24 hours, after that 5 
microliter for each tube transfer by micropipette to 
Congo red plates incubated at 370 C for 24 hours18.
Quantitative Method: Microtiter plate method was 
used to determined zinc nanoparticles effect on 
production biofilms of Staphylococcus aureus 
according to19 with some modifications, 100 μL of 
bacterial suspension (1×108) added to each well of 
plate,  after that added 100 μL of concentrations 

zinc nanoparticles SubMic (25.0%, 50.0%,75.0%) 
then incubated at 37°C for 24 hours after incubated 
time bacterial solution removed, and well washed 
twice by used phosphate buffer solution and dried it 
then added for each well 200 μL of 1.0%  stain 
crystal violet solution. escape stain, added 200μL of 
absolute ethanol, calculated OD through used an 
ELISA reader at 630nm, the medium Brain heart 
infusion broths used as a negative control.
Statistical Analysis: The study results do not 
require statistical software; only percentages were 
used in the reported results of the study 
Ethical Consideration: Ethical Consideration was 
conducted according to the Declaration of Helsinki 
with formal Ethics approval from the Biology 
Department, College of Science, Tikrit University, 
Salah al-Din, Iraq (Approval No. 0422; on 23 April 
2025). Also, written informed consent was obtained 
from all author participants.

Results
Bacterial Isolates of Staphylococcus aureus: Only 
nine bacterial isolates of Staphylococcus aureus 
18.0% of total fifty swabs samples taken from 
patients appeared results while others not  
Antibiotic Resistance Profile: Four bacterial 
isolates of Staphylococcus aureus in this study  
showed resistance to seven types antibiotics while 
other isolates five isolates showed sensitivity to 
antibiotics in the study (Table 1).
The results of the zinc biosynthesis include a color 
change to yellow and characterization of zinc 
nanoparticle formation through ultraviolet 
spectroscopy examination, which showed an 
absorption peak at 372 nm (Figure IA&B). 

The size of zinc nanoparticles was detected by using 
scanning electron microscope examination, 

showing a spherical shape and a size range from 
19.17 to 45.33 nm (Figure II).

While FTIR analysis detects bands at 677.95, 
1383.76, 1637.34, 2077.06, and 3416.85 cm⁻¹ 
(Figure III).
Screening of Zinc Nanoparticles as an 
Antibacterial Agent: All concentrations of zinc 
nanoparticles showed inhibitory activity against 
multidrug-resistant Staphylococcus aureus and 
increase zone inhibition according to increase 
concentration the rang zone inhibition (15 to 17) 
mm (Table 2, Figure IV). 

Screening bacterial   Biofilm and antibiofilm of 
Zinc Nanoparticles 

Congo Red Agar Method: Total nine isolates four 
isolates produce strong to biofilm while others 
weak, Staphylococcus aureus four isolates showed 
color black colony on plate Congo red agar while 
showed red color after bacteria treat with SubMic 
(25.0%, 50.0%,75.0%) zinc Nanoparticles (Figure 
V).
Microtiter Plate Method: The biofilm formation of 
Staph. Aureus before treating with zinc 
nanoparticles at concentrations according to 
absorbance value between 0.621 to 445 AU 
compare with absorbance values which decrease 
after treating Staphylococcus aureus isolates with 
SubMic (25.0%, 50.0%,75.0%) concentration zinc 
nanoparticles appeared rang (0.112 to 0.067) AV 
(Table 3).

Discussion
Diabetic foot ulcers are a major complication of 
diabetes. If left untreated, these ulcers and wounds 
can lead to more serious complications, including 
osteomyelitis, gangrene, and amputation. Surgery and 

antibiotic therapy are used to control these infections, 
especially bacterial ones. Males were found to have a 
higher incidence of these infections compared to 
females; this may be attributed to the role males play 
in outdoor activities that can lead to work-related 
injuries and ulcer development. Similarly, the 
majority of participants with diabetic foot ulcer 
infections were between 50 and 60 years old, 
consistent with a study20. The infections are caused by 
several types of bacteria, including Staphylococcus 
aureus, which is the predominant Gram-positive 
strain, consistent with the observation21 
Gram-positive bacteria 41 (32.0%). Among the 
isolated bacteria, the most predominant bacteria were 
Staphylococcus aureus 25.19% (32/127)
The resistance of four isolates of Staphylococcus 
aureus to antibiotics was very high, reaching 100% 
resistance to all antibiotics except for one bacterial 
isolate, which was sensitive to meropenem and 
levofloxacin. This is similar to the results of a study22, 
which observed that Staphylococcus aureus bacteria 
isolated from urine samples exhibited high levels of 
resistance to cefotaxime 100.0% and levofloxacin 
53.0% while meropenem and ampicillin 76.0%. Also, 
resistance to cefixime (48.6%), amikacin (52.9%), 

meropenem (44.3%), and levofloxacin (64.3%). 
Congdon et al23 also observed 100.0% resistance to 
ampicillin, cefoxitin (78.6%), and Amikacin (73.8%), 
while meropenem showed resistance (19.0%).
Bacteria have different mechanism to Resistance 
antibiotic include Resistance to β-lactam antibiotics 
as penicillin is associated with ability to inhibit 
synthesis bacterial cell wall. All beta-lactam 
antibiotics act on PBPs (penicillin-binding proteins). 
Also, Modifications of PBPs one of resistance 
mechanisms of β-lactam antibiotics. Bacteria reduce 
affinity to PBPs and increase expression of 
β-lactamase led to hydrolysis of β-lactam ring of 
antibiotics24 While aminoglycoside antibiotics such 
amikacin resistance bacteria due to produce 
aminoglycoside -modifying enzymes led to hydrolyze 
susceptible bonds like esters and amides in 
aminoglycosides groups25.
Fluoroquinolone antibiotics resistance as levofloxacin 
antibiotic mediated mutations in DNA gyrase enzyme 
and topoisomerase genes26, another mechanism 
include Modification of metabolic pathways as 
antibiotic Trimethoprim-sulfamethoxazole through 
absence or alteration of para-aminobenzoic acid, was 
a precursor to nucleic acid and synthesis folic acid, 
allows bacteria to overcome inhibitory effects of 
antibiotic targeting these pathways27. 
Zinc Nanoparticles Synthesis: Color change is the 
first step in the formation of zinc nanoparticles. A 
pale-yellow color was observed, a result consistent 
with that obtained by an author14 who observed a 
color change in henna extract after adding zinc 
nitrate. Similarly28, also found a color change from 
dark brown to pale yellow in henna after adding zinc 
nitrate. It is known that the plant is rich in active 
compounds, including flavonoids, saponins, 
methylxanthines, and phenolic acids, which act as 
reducing and capping agents and play a role in 
nanoparticle synthesis29. The reduction of the metal 
ion also occurs through a mixture of bioactive 
substances in the plant extract, including proteins, 
enzymes, and polysaccharides28.
Confirming the formation of nanoparticles requires 
tests that determine the optical properties of zinc 
nanoparticles using UV spectroscopy. An absorption 
band of 372 nm was obtained, similar to that of15 
(395 nm), which indicates the synthesis of zinc 
nanoparticles, suggesting the formation of zinc 
nanoparticles from henna extract30. Exhibited a 
prominent absorption band at approximately 385 nm, 
a characteristic feature of zinc oxide nanoparticles. 
This band is used to describe zinc nanoparticles. The 
absorption range exhibited by zinc nanoparticles is 
influenced by surface plasmon resonance (SPR)31. 

Furthermore, plant chemical compounds contributed 
to the reduction of zinc ions and acted as stabilizing 
agents32.  The sizes of the zinc nanoparticles were 
determined to be in the range of (19.17 to 45.33) nm, 
which is similar to what15 found, where zinc 
nanoparticles ranged in size from 5 to 50 nm33. 
Observed zinc nanoparticle sizes of 40 to 70 nm, 
which is similar to our results.
The important functional groups involved in the 
reduction and stabilization of zinc nanoparticles were 
identified using FTIR; the results of the current study 
are similar to those obtained by34   who observed 
peaks at 538.39 cm⁻¹, 1,637.54 cm⁻¹, and 3,415.04 
cm⁻¹. They are also similar to those found by14, 
where the band 1618.92 cm⁻¹ indicates C=C in the 
aromatic ring, while 1,344.98 cm⁻¹ indicates C-N 
extension of amide-I protein compounds. The band at 
3422 cm⁻¹ could indicate O–H hydroxyl groups 
associated with polyphenols of the plant extract, 
which contribute to the biosynthesis of zinc 
nanoparticles, while the band at 664 to 676 cm⁻¹ 
indicates the aromatic ring35. 
The active compounds that plant extracts typically 
possess play a role in the reduction, stabilization, and 
capping of zinc nanoparticles. These include phenols, 
amines, alkenes, alcohols, and carboxylic acids36. 
Antibacterial effect of zinc nanoparticles: The 
inhibitory effect of zinc nanoparticles against 
Staphylococcus aureus bacteria showed an increase 
with increasing nanoparticle concentration; similar to 
a study37 it was observed, zone inhibition (15 to 26 
mm for S. aureus at 40 µg mL−1). Also, 38 found that 
the inhibitory diameter of zinc nanoparticles against 
Staphylococcus aureus was about 27 mm; 39 also 
noted the role of zinc nanoparticles in inhibiting 
Staphylococcus aureus.
Zinc oxide nanoparticles exhibit antibacterial activity, 
particularly against Gram-positive bacteria. Their 
increased antibacterial efficacy may be attributed to 
their ability to produce reactive oxygen species 
(ROS), such as hydrogen peroxide (H₂O₂), which can 
readily penetrate the bacterial cell membrane, leading 
to cell death40. The increased ROS production, 
resulting from the large surface area-to-volume ratio 
of zinc nanoparticles, further enhances their 
antibacterial activity41. In the presence of 
nanoparticles, zinc ions are released directly and bind 
to the cell membrane. This process leads to damage to 
genetic material and the breakdown of proteins, as 
well as the respiratory chain and enzyme synthesis. 
By interfering with the thiol group of enzymes, it 
leads to bacterial death42,43.
Screening Bacterial Biofilm and Antibiofilm of Zinc 
Nanoparticles: Staphylococcus aureus is a bacterium 

that poses a threat to human health due to its 
increasing resistance to antibiotics and its ability to 
produce biofilms. However, this biofilm production 
was reduced after treatment with zinc nanoparticles 
using both microtiter plate and Congo red agar 
methods. These results are similar to those found in a 
study39 who observed that biofilm production by 
Staphylococcus aureus was reduced by 91.0% after 
treatment with zinc nanoparticles using the microtiter 
plate. This also aligns with the findings of another 
study44, which observed that 99.0% of Staphylococcus 
aureus isolates produced biofilms before treatment 
with zinc nanoparticles but lost this ability after 
microtiter plate treatment. Similarly, Staphylococcus 
aureus was found among the biofilm-producing 
isolates using both Congo red and microtiter plate 
methods. These findings are consistent with those of 
Mendes et al45, who found that the biofilm produced 
by Staphylococcus aureus was reduced after treatment 
with zinc nanoparticles using the microtiter method. 
Zinc nanoparticles influence the formation of the 
exopolysaccharide layer, which plays a role in 
bacterial adhesion to host cells and biofilm 
development.
Zinc nanoparticles can penetrate the bacterial cell 
wall and kill the bacteria46. Metallic nanoparticles 
play a crucial role in controlling biofilm production 
due to their physicochemical properties47. The 
anti-biofilm effect of metallic nanoparticles can be 
achieved by penetrating the bacterial cell wall and 
interfering with the extracellular polymer matrix of 
the biofilm48. They can also disrupt the quorum 
sensing mechanism49. The activity of reactive oxygen 
species (ROS) on these nanoparticles is known to 
induce bacterial membrane damage. Oxidative stress 
resulting from ROS leads to the production of free 
radicals, including hydroxyl radicals, hydrogen 
peroxide radicals, and superoxide radicals, which 
damage bacterial DNA and protein structures50.

Conclusion
Biosynthesized zinc nanoparticles showed activity as 
antibacterial effect synthesis from aqueous extract of 
Lawsonia inermis. Therefore, it may suggest their 
potential as a novel therapeutic approach as an 
antibacterial agent.                                           
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Introduction
The increasing emergence of multidrug-resistant 
bacterial pathogens, usually resulting from the 
indiscriminate use of antibiotics, is causing 

infectious diseases. This has directly impacted 
public health and the economy due to the rise in 
healthcare expenditures for treating patients with 
these diseases1. Therefore, there is a pressing need 

to find alternatives to antibiotics to replace those 
ineffective against resistant bacteria, such as Staph. 
aureus, a major clinically significant lead to 
different infectious diseases2. From minor skin 
infections include cellulitis and abscesses and to 
more threat- infections such as endocarditis, sepsis, 
osteomyelitis, pneumonia, syndrome also UTIs3. It 
related to antibiotic resistance and production of 
biofilms represent a serious public health and 
complicated the treatment of infections caused by 
these bacteria4. In context, nanotechnology has 
emerged as a promising approach to address 
challenge of antibiotic resistance5.
Nanoparticles are three-dimensional particles 
ranging in size from 1 to 100 nanometers6, several 
types of nanoparticles including Fe3O4, TiO2, 
CeO2, and ZnO2 have significant importance due to 
their bioavailability and low cost7. These particles 
can be synthesized from various environmentally 
friendly sources, including bacteria, fungi, algae, 
and plant components8 zinc nanoparticles 
synthesized from plant extracts exhibit antibacterial 
activity compared to conventional treatments9 
Therefore, the study aimed to determine effect of 
biosynthesized zinc nanoparticles on 
Staphylococcus aureus growth and biofilm 
production.

Methodology
Study Design: This was a cross-sectional study 
which was conducted in the Department of biology, 
College of Science, University of Tikrit, Tikrit, Iraq 
from May 2025 to December 2025. A sterile swabs 
used to collect samples from diabetic foot ulcers of 
Fifty patients (34) male and (16) female arrived to 
Tikrit Teaching Hospital in Tikrit City from the 
period of May 2025 to December 2025 then swabs 
samples transfer to Microbiology Laboratory of 
Tikrit Teaching Hospital, Iraq and cultured on 
Mannitol salt agar and Gram-staining, and a series 
of biochemical tests include catalase and coagulase 
test also identified by using VITEK-2 technique 
(BioMérieux, France). Then detect antibiotics 
sensitivity test of staph. aureus and Biofilm 
formation.
Antibiotic Resistance Test: The Kirby-Bauer 
method detected the resistance of bacterial isolates 
to seven antibiotics (Manufacture Company, 
Bioanalyse, Turkey), following the methodology10,11 
(Table 1). Bacterial suspension was adjusted to 
match the McFarland 0.5 standard; it was spread on 
Mueller-Hinton agar (Oxweed, England) using a 
sterile swab. The inoculated plates were left for five 
minutes, then antibiotic discs were transferred to the 

plate surface using sterile forceps. Then petri plates 
were incubated in an incubator for 24 hours at 37°C. 
The results were interpreted according to the 
guidelines of the Clinical and Laboratory Standards 
Institute (CLSI).
Qualitative method of Biofilm production: 
Congo Red Agar method used to detect Biofilm 
production like qualitative method12 bacterial 
suspension (1×108) inoculated on plates by sterile 
lobe, then plates incubated for 24 hours at 37°C, the 
result appeared colony Black, indicate production 
biofilms while colony red color negative result. 
Quantitative method of Biofilm production: 
Microtiter plate assay used according to a study13, 
added 200 μL/well of the prepared   bacterial 
suspension (1×108) to A sterile 96-hole microtiter 
plates used to detect ability of bacteria produce 
biofilm. After incubation at 37°C for 48 hours then 
washed well used by sterile phosphate-buffered 
saline (PBS) gently after that plates a dry it in oven 
at 60°C for 60 minutes the well of plate staining by 
added 200 μL of 0.5% (w/v) crystal violet solution 
and let it 15 minutes, remove   stain through rinsed 
off with sterile distilled water. And dried plate a 
37°C incubator for 30 minutes. Finally, add 200 μl 
of 96.0% ethanol to each well, and then detect 
biofilm biomass by measuring optical density at the 
appropriate wavelength
Green synthesis of Zinc nanoparticles: The 
solution extract of plant and zinc with synthesis 
method was according to the studies with some 
modifications14,15.
Preparation of Lawsonia inermis plant extract 
and Zinc Solution: The plant extract of henna (Buy 
them from local markets (was prepared by weighing 
10 grams of henna powder and heating it in 100 ml 
of deionized distilled water placed in a 250 ml 
volumetric flask and heating it for 5 minutes in a 
water bath. Then the extract was filtered using 
Whitman filter paper, while, a zinc nitrate solution 
was prepared at a concentration of 0.1 M (Zn 
(NO3)2.6H2O) by dissolving it at 60°C (prepared 
by Merck, Germany) and stored in an opaque bottle 
at 4°C B-Synthesis Zinc nanoparticles Zinc 
nanoparticles were manufactured by gradually 
adding 10 ml of aqueous henna extract to 90 ml of 
zinc nitrate solution at 70°C with continuous 
stirring through a magnetic stirrer until a color 
change occurred, which lasted 30 minutes.
Characterization of Zinc Nanoparticles: Zinc 
nanoparticles generated with Lawsonia inermis 
extracts were analyzed through used UV–vis 
spectroscopy for detect nanoparticles (Shimadzu, 
Tokyo, Japan), SEM (Gallenkamp, England), FTIR 
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spectroscopy (Shimadzu, Germany), and 
characterized according to protocols16. Screening of 
Zinc Nanoparticles as Antibacterial agent. The 
antibacterial activity of zinc nanoparticles was 
determined using the well diffusion method against 
Staphylococcus aureus, according to studies by17 
bacterial suspension, stabilized with McFarland's 
solution 1 × 10⁸, was spread on Mueller-Hinton agar 
using a sterile cotton swab. The plates were left to 
stand for 15 minutes, then wells (6 mm in diameter) 
were prepared using a sterile cork drill, one hundred 
µLof zinc nanoparticles (25.0%, 50.0%, 75.0%, and 
100.0%) was added (one concentration each well). 
Additionally, 100 µL of sterile distilled water was 
added to one well as a negative control. The Petri 
dishes incubated at 37°C for 24 hours After 
incubation, the diameters of the inhibition zones 
that formed around those wells were recorded.
Antibiofilm Effect of Zinc Nanoparticles: Effect 
Zinc nanoparticles on biofilm of Staphylococcus 
aureus detect through:
Qualitative Method: The Congo red agar used to 
detect  effect zinc nanoparticles on biofilm 
formation through Added 120 μL of bacterial 
suspension (1×108) to 80 μL zinc nanoparticles 
concentrations (25.0%, 50.0%,75.0%) in test tubes 
sterilized (tube each concentration), Then tubes 
incubated at 370 C for 24 hours, after that 5 
microliter for each tube transfer by micropipette to 
Congo red plates incubated at 370 C for 24 hours18.
Quantitative Method: Microtiter plate method was 
used to determined zinc nanoparticles effect on 
production biofilms of Staphylococcus aureus 
according to19 with some modifications, 100 μL of 
bacterial suspension (1×108) added to each well of 
plate,  after that added 100 μL of concentrations 

zinc nanoparticles SubMic (25.0%, 50.0%,75.0%) 
then incubated at 37°C for 24 hours after incubated 
time bacterial solution removed, and well washed 
twice by used phosphate buffer solution and dried it 
then added for each well 200 μL of 1.0%  stain 
crystal violet solution. escape stain, added 200μL of 
absolute ethanol, calculated OD through used an 
ELISA reader at 630nm, the medium Brain heart 
infusion broths used as a negative control.
Statistical Analysis: The study results do not 
require statistical software; only percentages were 
used in the reported results of the study 
Ethical Consideration: Ethical Consideration was 
conducted according to the Declaration of Helsinki 
with formal Ethics approval from the Biology 
Department, College of Science, Tikrit University, 
Salah al-Din, Iraq (Approval No. 0422; on 23 April 
2025). Also, written informed consent was obtained 
from all author participants.

Results
Bacterial Isolates of Staphylococcus aureus: Only 
nine bacterial isolates of Staphylococcus aureus 
18.0% of total fifty swabs samples taken from 
patients appeared results while others not  
Antibiotic Resistance Profile: Four bacterial 
isolates of Staphylococcus aureus in this study  
showed resistance to seven types antibiotics while 
other isolates five isolates showed sensitivity to 
antibiotics in the study (Table 1).
The results of the zinc biosynthesis include a color 
change to yellow and characterization of zinc 
nanoparticle formation through ultraviolet 
spectroscopy examination, which showed an 
absorption peak at 372 nm (Figure IA&B). 

The size of zinc nanoparticles was detected by using 
scanning electron microscope examination, 

showing a spherical shape and a size range from 
19.17 to 45.33 nm (Figure II).

While FTIR analysis detects bands at 677.95, 
1383.76, 1637.34, 2077.06, and 3416.85 cm⁻¹ 
(Figure III).
Screening of Zinc Nanoparticles as an 
Antibacterial Agent: All concentrations of zinc 
nanoparticles showed inhibitory activity against 
multidrug-resistant Staphylococcus aureus and 
increase zone inhibition according to increase 
concentration the rang zone inhibition (15 to 17) 
mm (Table 2, Figure IV). 

Screening bacterial   Biofilm and antibiofilm of 
Zinc Nanoparticles 

Congo Red Agar Method: Total nine isolates four 
isolates produce strong to biofilm while others 
weak, Staphylococcus aureus four isolates showed 
color black colony on plate Congo red agar while 
showed red color after bacteria treat with SubMic 
(25.0%, 50.0%,75.0%) zinc Nanoparticles (Figure 
V).
Microtiter Plate Method: The biofilm formation of 
Staph. Aureus before treating with zinc 
nanoparticles at concentrations according to 
absorbance value between 0.621 to 445 AU 
compare with absorbance values which decrease 
after treating Staphylococcus aureus isolates with 
SubMic (25.0%, 50.0%,75.0%) concentration zinc 
nanoparticles appeared rang (0.112 to 0.067) AV 
(Table 3).

Discussion
Diabetic foot ulcers are a major complication of 
diabetes. If left untreated, these ulcers and wounds 
can lead to more serious complications, including 
osteomyelitis, gangrene, and amputation. Surgery and 

antibiotic therapy are used to control these infections, 
especially bacterial ones. Males were found to have a 
higher incidence of these infections compared to 
females; this may be attributed to the role males play 
in outdoor activities that can lead to work-related 
injuries and ulcer development. Similarly, the 
majority of participants with diabetic foot ulcer 
infections were between 50 and 60 years old, 
consistent with a study20. The infections are caused by 
several types of bacteria, including Staphylococcus 
aureus, which is the predominant Gram-positive 
strain, consistent with the observation21 
Gram-positive bacteria 41 (32.0%). Among the 
isolated bacteria, the most predominant bacteria were 
Staphylococcus aureus 25.19% (32/127)
The resistance of four isolates of Staphylococcus 
aureus to antibiotics was very high, reaching 100% 
resistance to all antibiotics except for one bacterial 
isolate, which was sensitive to meropenem and 
levofloxacin. This is similar to the results of a study22, 
which observed that Staphylococcus aureus bacteria 
isolated from urine samples exhibited high levels of 
resistance to cefotaxime 100.0% and levofloxacin 
53.0% while meropenem and ampicillin 76.0%. Also, 
resistance to cefixime (48.6%), amikacin (52.9%), 

meropenem (44.3%), and levofloxacin (64.3%). 
Congdon et al23 also observed 100.0% resistance to 
ampicillin, cefoxitin (78.6%), and Amikacin (73.8%), 
while meropenem showed resistance (19.0%).
Bacteria have different mechanism to Resistance 
antibiotic include Resistance to β-lactam antibiotics 
as penicillin is associated with ability to inhibit 
synthesis bacterial cell wall. All beta-lactam 
antibiotics act on PBPs (penicillin-binding proteins). 
Also, Modifications of PBPs one of resistance 
mechanisms of β-lactam antibiotics. Bacteria reduce 
affinity to PBPs and increase expression of 
β-lactamase led to hydrolysis of β-lactam ring of 
antibiotics24 While aminoglycoside antibiotics such 
amikacin resistance bacteria due to produce 
aminoglycoside -modifying enzymes led to hydrolyze 
susceptible bonds like esters and amides in 
aminoglycosides groups25.
Fluoroquinolone antibiotics resistance as levofloxacin 
antibiotic mediated mutations in DNA gyrase enzyme 
and topoisomerase genes26, another mechanism 
include Modification of metabolic pathways as 
antibiotic Trimethoprim-sulfamethoxazole through 
absence or alteration of para-aminobenzoic acid, was 
a precursor to nucleic acid and synthesis folic acid, 
allows bacteria to overcome inhibitory effects of 
antibiotic targeting these pathways27. 
Zinc Nanoparticles Synthesis: Color change is the 
first step in the formation of zinc nanoparticles. A 
pale-yellow color was observed, a result consistent 
with that obtained by an author14 who observed a 
color change in henna extract after adding zinc 
nitrate. Similarly28, also found a color change from 
dark brown to pale yellow in henna after adding zinc 
nitrate. It is known that the plant is rich in active 
compounds, including flavonoids, saponins, 
methylxanthines, and phenolic acids, which act as 
reducing and capping agents and play a role in 
nanoparticle synthesis29. The reduction of the metal 
ion also occurs through a mixture of bioactive 
substances in the plant extract, including proteins, 
enzymes, and polysaccharides28.
Confirming the formation of nanoparticles requires 
tests that determine the optical properties of zinc 
nanoparticles using UV spectroscopy. An absorption 
band of 372 nm was obtained, similar to that of15 
(395 nm), which indicates the synthesis of zinc 
nanoparticles, suggesting the formation of zinc 
nanoparticles from henna extract30. Exhibited a 
prominent absorption band at approximately 385 nm, 
a characteristic feature of zinc oxide nanoparticles. 
This band is used to describe zinc nanoparticles. The 
absorption range exhibited by zinc nanoparticles is 
influenced by surface plasmon resonance (SPR)31. 

Furthermore, plant chemical compounds contributed 
to the reduction of zinc ions and acted as stabilizing 
agents32.  The sizes of the zinc nanoparticles were 
determined to be in the range of (19.17 to 45.33) nm, 
which is similar to what15 found, where zinc 
nanoparticles ranged in size from 5 to 50 nm33. 
Observed zinc nanoparticle sizes of 40 to 70 nm, 
which is similar to our results.
The important functional groups involved in the 
reduction and stabilization of zinc nanoparticles were 
identified using FTIR; the results of the current study 
are similar to those obtained by34   who observed 
peaks at 538.39 cm⁻¹, 1,637.54 cm⁻¹, and 3,415.04 
cm⁻¹. They are also similar to those found by14, 
where the band 1618.92 cm⁻¹ indicates C=C in the 
aromatic ring, while 1,344.98 cm⁻¹ indicates C-N 
extension of amide-I protein compounds. The band at 
3422 cm⁻¹ could indicate O–H hydroxyl groups 
associated with polyphenols of the plant extract, 
which contribute to the biosynthesis of zinc 
nanoparticles, while the band at 664 to 676 cm⁻¹ 
indicates the aromatic ring35. 
The active compounds that plant extracts typically 
possess play a role in the reduction, stabilization, and 
capping of zinc nanoparticles. These include phenols, 
amines, alkenes, alcohols, and carboxylic acids36. 
Antibacterial effect of zinc nanoparticles: The 
inhibitory effect of zinc nanoparticles against 
Staphylococcus aureus bacteria showed an increase 
with increasing nanoparticle concentration; similar to 
a study37 it was observed, zone inhibition (15 to 26 
mm for S. aureus at 40 µg mL−1). Also, 38 found that 
the inhibitory diameter of zinc nanoparticles against 
Staphylococcus aureus was about 27 mm; 39 also 
noted the role of zinc nanoparticles in inhibiting 
Staphylococcus aureus.
Zinc oxide nanoparticles exhibit antibacterial activity, 
particularly against Gram-positive bacteria. Their 
increased antibacterial efficacy may be attributed to 
their ability to produce reactive oxygen species 
(ROS), such as hydrogen peroxide (H₂O₂), which can 
readily penetrate the bacterial cell membrane, leading 
to cell death40. The increased ROS production, 
resulting from the large surface area-to-volume ratio 
of zinc nanoparticles, further enhances their 
antibacterial activity41. In the presence of 
nanoparticles, zinc ions are released directly and bind 
to the cell membrane. This process leads to damage to 
genetic material and the breakdown of proteins, as 
well as the respiratory chain and enzyme synthesis. 
By interfering with the thiol group of enzymes, it 
leads to bacterial death42,43.
Screening Bacterial Biofilm and Antibiofilm of Zinc 
Nanoparticles: Staphylococcus aureus is a bacterium 

that poses a threat to human health due to its 
increasing resistance to antibiotics and its ability to 
produce biofilms. However, this biofilm production 
was reduced after treatment with zinc nanoparticles 
using both microtiter plate and Congo red agar 
methods. These results are similar to those found in a 
study39 who observed that biofilm production by 
Staphylococcus aureus was reduced by 91.0% after 
treatment with zinc nanoparticles using the microtiter 
plate. This also aligns with the findings of another 
study44, which observed that 99.0% of Staphylococcus 
aureus isolates produced biofilms before treatment 
with zinc nanoparticles but lost this ability after 
microtiter plate treatment. Similarly, Staphylococcus 
aureus was found among the biofilm-producing 
isolates using both Congo red and microtiter plate 
methods. These findings are consistent with those of 
Mendes et al45, who found that the biofilm produced 
by Staphylococcus aureus was reduced after treatment 
with zinc nanoparticles using the microtiter method. 
Zinc nanoparticles influence the formation of the 
exopolysaccharide layer, which plays a role in 
bacterial adhesion to host cells and biofilm 
development.
Zinc nanoparticles can penetrate the bacterial cell 
wall and kill the bacteria46. Metallic nanoparticles 
play a crucial role in controlling biofilm production 
due to their physicochemical properties47. The 
anti-biofilm effect of metallic nanoparticles can be 
achieved by penetrating the bacterial cell wall and 
interfering with the extracellular polymer matrix of 
the biofilm48. They can also disrupt the quorum 
sensing mechanism49. The activity of reactive oxygen 
species (ROS) on these nanoparticles is known to 
induce bacterial membrane damage. Oxidative stress 
resulting from ROS leads to the production of free 
radicals, including hydroxyl radicals, hydrogen 
peroxide radicals, and superoxide radicals, which 
damage bacterial DNA and protein structures50.

Conclusion
Biosynthesized zinc nanoparticles showed activity as 
antibacterial effect synthesis from aqueous extract of 
Lawsonia inermis. Therefore, it may suggest their 
potential as a novel therapeutic approach as an 
antibacterial agent.                                           
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Introduction
The increasing emergence of multidrug-resistant 
bacterial pathogens, usually resulting from the 
indiscriminate use of antibiotics, is causing 

infectious diseases. This has directly impacted 
public health and the economy due to the rise in 
healthcare expenditures for treating patients with 
these diseases1. Therefore, there is a pressing need 

to find alternatives to antibiotics to replace those 
ineffective against resistant bacteria, such as Staph. 
aureus, a major clinically significant lead to 
different infectious diseases2. From minor skin 
infections include cellulitis and abscesses and to 
more threat- infections such as endocarditis, sepsis, 
osteomyelitis, pneumonia, syndrome also UTIs3. It 
related to antibiotic resistance and production of 
biofilms represent a serious public health and 
complicated the treatment of infections caused by 
these bacteria4. In context, nanotechnology has 
emerged as a promising approach to address 
challenge of antibiotic resistance5.
Nanoparticles are three-dimensional particles 
ranging in size from 1 to 100 nanometers6, several 
types of nanoparticles including Fe3O4, TiO2, 
CeO2, and ZnO2 have significant importance due to 
their bioavailability and low cost7. These particles 
can be synthesized from various environmentally 
friendly sources, including bacteria, fungi, algae, 
and plant components8 zinc nanoparticles 
synthesized from plant extracts exhibit antibacterial 
activity compared to conventional treatments9 
Therefore, the study aimed to determine effect of 
biosynthesized zinc nanoparticles on 
Staphylococcus aureus growth and biofilm 
production.

Methodology
Study Design: This was a cross-sectional study 
which was conducted in the Department of biology, 
College of Science, University of Tikrit, Tikrit, Iraq 
from May 2025 to December 2025. A sterile swabs 
used to collect samples from diabetic foot ulcers of 
Fifty patients (34) male and (16) female arrived to 
Tikrit Teaching Hospital in Tikrit City from the 
period of May 2025 to December 2025 then swabs 
samples transfer to Microbiology Laboratory of 
Tikrit Teaching Hospital, Iraq and cultured on 
Mannitol salt agar and Gram-staining, and a series 
of biochemical tests include catalase and coagulase 
test also identified by using VITEK-2 technique 
(BioMérieux, France). Then detect antibiotics 
sensitivity test of staph. aureus and Biofilm 
formation.
Antibiotic Resistance Test: The Kirby-Bauer 
method detected the resistance of bacterial isolates 
to seven antibiotics (Manufacture Company, 
Bioanalyse, Turkey), following the methodology10,11 
(Table 1). Bacterial suspension was adjusted to 
match the McFarland 0.5 standard; it was spread on 
Mueller-Hinton agar (Oxweed, England) using a 
sterile swab. The inoculated plates were left for five 
minutes, then antibiotic discs were transferred to the 

plate surface using sterile forceps. Then petri plates 
were incubated in an incubator for 24 hours at 37°C. 
The results were interpreted according to the 
guidelines of the Clinical and Laboratory Standards 
Institute (CLSI).
Qualitative method of Biofilm production: 
Congo Red Agar method used to detect Biofilm 
production like qualitative method12 bacterial 
suspension (1×108) inoculated on plates by sterile 
lobe, then plates incubated for 24 hours at 37°C, the 
result appeared colony Black, indicate production 
biofilms while colony red color negative result. 
Quantitative method of Biofilm production: 
Microtiter plate assay used according to a study13, 
added 200 μL/well of the prepared   bacterial 
suspension (1×108) to A sterile 96-hole microtiter 
plates used to detect ability of bacteria produce 
biofilm. After incubation at 37°C for 48 hours then 
washed well used by sterile phosphate-buffered 
saline (PBS) gently after that plates a dry it in oven 
at 60°C for 60 minutes the well of plate staining by 
added 200 μL of 0.5% (w/v) crystal violet solution 
and let it 15 minutes, remove   stain through rinsed 
off with sterile distilled water. And dried plate a 
37°C incubator for 30 minutes. Finally, add 200 μl 
of 96.0% ethanol to each well, and then detect 
biofilm biomass by measuring optical density at the 
appropriate wavelength
Green synthesis of Zinc nanoparticles: The 
solution extract of plant and zinc with synthesis 
method was according to the studies with some 
modifications14,15.
Preparation of Lawsonia inermis plant extract 
and Zinc Solution: The plant extract of henna (Buy 
them from local markets (was prepared by weighing 
10 grams of henna powder and heating it in 100 ml 
of deionized distilled water placed in a 250 ml 
volumetric flask and heating it for 5 minutes in a 
water bath. Then the extract was filtered using 
Whitman filter paper, while, a zinc nitrate solution 
was prepared at a concentration of 0.1 M (Zn 
(NO3)2.6H2O) by dissolving it at 60°C (prepared 
by Merck, Germany) and stored in an opaque bottle 
at 4°C B-Synthesis Zinc nanoparticles Zinc 
nanoparticles were manufactured by gradually 
adding 10 ml of aqueous henna extract to 90 ml of 
zinc nitrate solution at 70°C with continuous 
stirring through a magnetic stirrer until a color 
change occurred, which lasted 30 minutes.
Characterization of Zinc Nanoparticles: Zinc 
nanoparticles generated with Lawsonia inermis 
extracts were analyzed through used UV–vis 
spectroscopy for detect nanoparticles (Shimadzu, 
Tokyo, Japan), SEM (Gallenkamp, England), FTIR 
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spectroscopy (Shimadzu, Germany), and 
characterized according to protocols16. Screening of 
Zinc Nanoparticles as Antibacterial agent. The 
antibacterial activity of zinc nanoparticles was 
determined using the well diffusion method against 
Staphylococcus aureus, according to studies by17 
bacterial suspension, stabilized with McFarland's 
solution 1 × 10⁸, was spread on Mueller-Hinton agar 
using a sterile cotton swab. The plates were left to 
stand for 15 minutes, then wells (6 mm in diameter) 
were prepared using a sterile cork drill, one hundred 
µLof zinc nanoparticles (25.0%, 50.0%, 75.0%, and 
100.0%) was added (one concentration each well). 
Additionally, 100 µL of sterile distilled water was 
added to one well as a negative control. The Petri 
dishes incubated at 37°C for 24 hours After 
incubation, the diameters of the inhibition zones 
that formed around those wells were recorded.
Antibiofilm Effect of Zinc Nanoparticles: Effect 
Zinc nanoparticles on biofilm of Staphylococcus 
aureus detect through:
Qualitative Method: The Congo red agar used to 
detect  effect zinc nanoparticles on biofilm 
formation through Added 120 μL of bacterial 
suspension (1×108) to 80 μL zinc nanoparticles 
concentrations (25.0%, 50.0%,75.0%) in test tubes 
sterilized (tube each concentration), Then tubes 
incubated at 370 C for 24 hours, after that 5 
microliter for each tube transfer by micropipette to 
Congo red plates incubated at 370 C for 24 hours18.
Quantitative Method: Microtiter plate method was 
used to determined zinc nanoparticles effect on 
production biofilms of Staphylococcus aureus 
according to19 with some modifications, 100 μL of 
bacterial suspension (1×108) added to each well of 
plate,  after that added 100 μL of concentrations 

zinc nanoparticles SubMic (25.0%, 50.0%,75.0%) 
then incubated at 37°C for 24 hours after incubated 
time bacterial solution removed, and well washed 
twice by used phosphate buffer solution and dried it 
then added for each well 200 μL of 1.0%  stain 
crystal violet solution. escape stain, added 200μL of 
absolute ethanol, calculated OD through used an 
ELISA reader at 630nm, the medium Brain heart 
infusion broths used as a negative control.
Statistical Analysis: The study results do not 
require statistical software; only percentages were 
used in the reported results of the study 
Ethical Consideration: Ethical Consideration was 
conducted according to the Declaration of Helsinki 
with formal Ethics approval from the Biology 
Department, College of Science, Tikrit University, 
Salah al-Din, Iraq (Approval No. 0422; on 23 April 
2025). Also, written informed consent was obtained 
from all author participants.

Results
Bacterial Isolates of Staphylococcus aureus: Only 
nine bacterial isolates of Staphylococcus aureus 
18.0% of total fifty swabs samples taken from 
patients appeared results while others not  
Antibiotic Resistance Profile: Four bacterial 
isolates of Staphylococcus aureus in this study  
showed resistance to seven types antibiotics while 
other isolates five isolates showed sensitivity to 
antibiotics in the study (Table 1).
The results of the zinc biosynthesis include a color 
change to yellow and characterization of zinc 
nanoparticle formation through ultraviolet 
spectroscopy examination, which showed an 
absorption peak at 372 nm (Figure IA&B). 

The size of zinc nanoparticles was detected by using 
scanning electron microscope examination, 

showing a spherical shape and a size range from 
19.17 to 45.33 nm (Figure II).

While FTIR analysis detects bands at 677.95, 
1383.76, 1637.34, 2077.06, and 3416.85 cm⁻¹ 
(Figure III).
Screening of Zinc Nanoparticles as an 
Antibacterial Agent: All concentrations of zinc 
nanoparticles showed inhibitory activity against 
multidrug-resistant Staphylococcus aureus and 
increase zone inhibition according to increase 
concentration the rang zone inhibition (15 to 17) 
mm (Table 2, Figure IV). 

Screening bacterial   Biofilm and antibiofilm of 
Zinc Nanoparticles 

Congo Red Agar Method: Total nine isolates four 
isolates produce strong to biofilm while others 
weak, Staphylococcus aureus four isolates showed 
color black colony on plate Congo red agar while 
showed red color after bacteria treat with SubMic 
(25.0%, 50.0%,75.0%) zinc Nanoparticles (Figure 
V).
Microtiter Plate Method: The biofilm formation of 
Staph. Aureus before treating with zinc 
nanoparticles at concentrations according to 
absorbance value between 0.621 to 445 AU 
compare with absorbance values which decrease 
after treating Staphylococcus aureus isolates with 
SubMic (25.0%, 50.0%,75.0%) concentration zinc 
nanoparticles appeared rang (0.112 to 0.067) AV 
(Table 3).

Discussion
Diabetic foot ulcers are a major complication of 
diabetes. If left untreated, these ulcers and wounds 
can lead to more serious complications, including 
osteomyelitis, gangrene, and amputation. Surgery and 

antibiotic therapy are used to control these infections, 
especially bacterial ones. Males were found to have a 
higher incidence of these infections compared to 
females; this may be attributed to the role males play 
in outdoor activities that can lead to work-related 
injuries and ulcer development. Similarly, the 
majority of participants with diabetic foot ulcer 
infections were between 50 and 60 years old, 
consistent with a study20. The infections are caused by 
several types of bacteria, including Staphylococcus 
aureus, which is the predominant Gram-positive 
strain, consistent with the observation21 
Gram-positive bacteria 41 (32.0%). Among the 
isolated bacteria, the most predominant bacteria were 
Staphylococcus aureus 25.19% (32/127)
The resistance of four isolates of Staphylococcus 
aureus to antibiotics was very high, reaching 100% 
resistance to all antibiotics except for one bacterial 
isolate, which was sensitive to meropenem and 
levofloxacin. This is similar to the results of a study22, 
which observed that Staphylococcus aureus bacteria 
isolated from urine samples exhibited high levels of 
resistance to cefotaxime 100.0% and levofloxacin 
53.0% while meropenem and ampicillin 76.0%. Also, 
resistance to cefixime (48.6%), amikacin (52.9%), 

meropenem (44.3%), and levofloxacin (64.3%). 
Congdon et al23 also observed 100.0% resistance to 
ampicillin, cefoxitin (78.6%), and Amikacin (73.8%), 
while meropenem showed resistance (19.0%).
Bacteria have different mechanism to Resistance 
antibiotic include Resistance to β-lactam antibiotics 
as penicillin is associated with ability to inhibit 
synthesis bacterial cell wall. All beta-lactam 
antibiotics act on PBPs (penicillin-binding proteins). 
Also, Modifications of PBPs one of resistance 
mechanisms of β-lactam antibiotics. Bacteria reduce 
affinity to PBPs and increase expression of 
β-lactamase led to hydrolysis of β-lactam ring of 
antibiotics24 While aminoglycoside antibiotics such 
amikacin resistance bacteria due to produce 
aminoglycoside -modifying enzymes led to hydrolyze 
susceptible bonds like esters and amides in 
aminoglycosides groups25.
Fluoroquinolone antibiotics resistance as levofloxacin 
antibiotic mediated mutations in DNA gyrase enzyme 
and topoisomerase genes26, another mechanism 
include Modification of metabolic pathways as 
antibiotic Trimethoprim-sulfamethoxazole through 
absence or alteration of para-aminobenzoic acid, was 
a precursor to nucleic acid and synthesis folic acid, 
allows bacteria to overcome inhibitory effects of 
antibiotic targeting these pathways27. 
Zinc Nanoparticles Synthesis: Color change is the 
first step in the formation of zinc nanoparticles. A 
pale-yellow color was observed, a result consistent 
with that obtained by an author14 who observed a 
color change in henna extract after adding zinc 
nitrate. Similarly28, also found a color change from 
dark brown to pale yellow in henna after adding zinc 
nitrate. It is known that the plant is rich in active 
compounds, including flavonoids, saponins, 
methylxanthines, and phenolic acids, which act as 
reducing and capping agents and play a role in 
nanoparticle synthesis29. The reduction of the metal 
ion also occurs through a mixture of bioactive 
substances in the plant extract, including proteins, 
enzymes, and polysaccharides28.
Confirming the formation of nanoparticles requires 
tests that determine the optical properties of zinc 
nanoparticles using UV spectroscopy. An absorption 
band of 372 nm was obtained, similar to that of15 
(395 nm), which indicates the synthesis of zinc 
nanoparticles, suggesting the formation of zinc 
nanoparticles from henna extract30. Exhibited a 
prominent absorption band at approximately 385 nm, 
a characteristic feature of zinc oxide nanoparticles. 
This band is used to describe zinc nanoparticles. The 
absorption range exhibited by zinc nanoparticles is 
influenced by surface plasmon resonance (SPR)31. 

Furthermore, plant chemical compounds contributed 
to the reduction of zinc ions and acted as stabilizing 
agents32.  The sizes of the zinc nanoparticles were 
determined to be in the range of (19.17 to 45.33) nm, 
which is similar to what15 found, where zinc 
nanoparticles ranged in size from 5 to 50 nm33. 
Observed zinc nanoparticle sizes of 40 to 70 nm, 
which is similar to our results.
The important functional groups involved in the 
reduction and stabilization of zinc nanoparticles were 
identified using FTIR; the results of the current study 
are similar to those obtained by34   who observed 
peaks at 538.39 cm⁻¹, 1,637.54 cm⁻¹, and 3,415.04 
cm⁻¹. They are also similar to those found by14, 
where the band 1618.92 cm⁻¹ indicates C=C in the 
aromatic ring, while 1,344.98 cm⁻¹ indicates C-N 
extension of amide-I protein compounds. The band at 
3422 cm⁻¹ could indicate O–H hydroxyl groups 
associated with polyphenols of the plant extract, 
which contribute to the biosynthesis of zinc 
nanoparticles, while the band at 664 to 676 cm⁻¹ 
indicates the aromatic ring35. 
The active compounds that plant extracts typically 
possess play a role in the reduction, stabilization, and 
capping of zinc nanoparticles. These include phenols, 
amines, alkenes, alcohols, and carboxylic acids36. 
Antibacterial effect of zinc nanoparticles: The 
inhibitory effect of zinc nanoparticles against 
Staphylococcus aureus bacteria showed an increase 
with increasing nanoparticle concentration; similar to 
a study37 it was observed, zone inhibition (15 to 26 
mm for S. aureus at 40 µg mL−1). Also, 38 found that 
the inhibitory diameter of zinc nanoparticles against 
Staphylococcus aureus was about 27 mm; 39 also 
noted the role of zinc nanoparticles in inhibiting 
Staphylococcus aureus.
Zinc oxide nanoparticles exhibit antibacterial activity, 
particularly against Gram-positive bacteria. Their 
increased antibacterial efficacy may be attributed to 
their ability to produce reactive oxygen species 
(ROS), such as hydrogen peroxide (H₂O₂), which can 
readily penetrate the bacterial cell membrane, leading 
to cell death40. The increased ROS production, 
resulting from the large surface area-to-volume ratio 
of zinc nanoparticles, further enhances their 
antibacterial activity41. In the presence of 
nanoparticles, zinc ions are released directly and bind 
to the cell membrane. This process leads to damage to 
genetic material and the breakdown of proteins, as 
well as the respiratory chain and enzyme synthesis. 
By interfering with the thiol group of enzymes, it 
leads to bacterial death42,43.
Screening Bacterial Biofilm and Antibiofilm of Zinc 
Nanoparticles: Staphylococcus aureus is a bacterium 

that poses a threat to human health due to its 
increasing resistance to antibiotics and its ability to 
produce biofilms. However, this biofilm production 
was reduced after treatment with zinc nanoparticles 
using both microtiter plate and Congo red agar 
methods. These results are similar to those found in a 
study39 who observed that biofilm production by 
Staphylococcus aureus was reduced by 91.0% after 
treatment with zinc nanoparticles using the microtiter 
plate. This also aligns with the findings of another 
study44, which observed that 99.0% of Staphylococcus 
aureus isolates produced biofilms before treatment 
with zinc nanoparticles but lost this ability after 
microtiter plate treatment. Similarly, Staphylococcus 
aureus was found among the biofilm-producing 
isolates using both Congo red and microtiter plate 
methods. These findings are consistent with those of 
Mendes et al45, who found that the biofilm produced 
by Staphylococcus aureus was reduced after treatment 
with zinc nanoparticles using the microtiter method. 
Zinc nanoparticles influence the formation of the 
exopolysaccharide layer, which plays a role in 
bacterial adhesion to host cells and biofilm 
development.
Zinc nanoparticles can penetrate the bacterial cell 
wall and kill the bacteria46. Metallic nanoparticles 
play a crucial role in controlling biofilm production 
due to their physicochemical properties47. The 
anti-biofilm effect of metallic nanoparticles can be 
achieved by penetrating the bacterial cell wall and 
interfering with the extracellular polymer matrix of 
the biofilm48. They can also disrupt the quorum 
sensing mechanism49. The activity of reactive oxygen 
species (ROS) on these nanoparticles is known to 
induce bacterial membrane damage. Oxidative stress 
resulting from ROS leads to the production of free 
radicals, including hydroxyl radicals, hydrogen 
peroxide radicals, and superoxide radicals, which 
damage bacterial DNA and protein structures50.

Conclusion
Biosynthesized zinc nanoparticles showed activity as 
antibacterial effect synthesis from aqueous extract of 
Lawsonia inermis. Therefore, it may suggest their 
potential as a novel therapeutic approach as an 
antibacterial agent.                                           
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