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Abstract

Zinc Oxide nanoparticles was synthesized by green method with zinc nitrate as precursor
and alcoholic extract of Musa acuminata fruits peels as a reducing agent, color changing
from white to yellowish -white, which was an indication of the formation of ZnO NPs.
Characterization were madeby UV-Visible light spectroscopy (Uv-Vis), X-Ray Diffraction
(XRD), Atomic force microscopy (AFM) and Field Emission Scan Electron Microscope
(FE-SEM), the results showed the sharp UV peaks were at 374 nm , XRD analysis estimated
the crystallites sizes in 25.9 nm, AFM was used to determine the average size and forme of
the nanoparticles which was 40, 45, and 50 nm, FE-SEM analysis displayed average
particles size were 75.6 nm. Clinical of 125 samples were collectedfrom diabetic foot ulcer
from patients admitted to Baquba Teaching Hospital during beginning of November 2021 to
the end of January 2022, included isolation and diagnosis of 76 isolates of Escherichia coli,
Klebsiella pneumoniae, Pseudomonas aeruginosa, Staphylococcus aureus and
Staphylococcus epidermidis. Antibacterial activity test was done of ZnO NPs. which was
tested toward these isolates. Different concentrations of ZnO NPs. (12.5, 25, 50, 100, 200)
mg/ml were examined against pathogenic bacteria , the results showed the highest diameter
of inhibition zone against E.coli, K.pneumoniae,P.aeruginosa, S.aureus and S.epidermidis
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were (28, 27, 31, 29. 26) mm respectively at concentration 200 mg/ ml and the lowest zone

at concentration 12.5 mg/ml to the same isolates were (22, 23, 24, 24, 21) mm respectively.
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Introduction

A diabetic foot, which is characterized by foot ulcers connected to neuropathy and/or
peripheral artery disease in the lower limb in a diabetic patient, is one of the most significant
and crippling symptoms of diabetes [1]. Older persons are more likely to have the condition,
which affects the diabetic population 4- 10% of the time [2].Age and the length of diabetes
both raise the risk of foot ulcers and limb amputation [3].

Finding the inhibitors of antibiotic resistance as a first step to creating a combination
medication has grown in popularity as a result of the rising demand for an effective
treatment against infectious diseases that are multidrug resistant. The use of
nanotechnology, a method that makes it possible to introduce materials with nanoscale
structures, was done to increase the therapeutic activity of the medicine and reduce its

unpleasant side effects[4].

The use of medicinal plants, also known as medicinal herbs, in traditional medicine dates
back to prehistoric times. These plants produce hundreds of chemical compounds that act
as a form of defense against insects, fungi, diseases, and herbivorous mammals. Therefore,

it has been used in pharmaceutical preparations to treat a wide range of diseases [5].

Nanomaterials synthesis is currently one of the most prominent research topics. They are
small-sized particles ranging in size from (10-100nm). Nanoparticles are used in biomedical
applications as they offer many advantages to larger particles including a higher surface-to-

volume ratio and better magnetic properties [6].

A significant interest was received worldwide for the antibacterial activity of zinc oxide
nanoparticles (ZnO NPs) [7]. This interest was due to their specific physicochemical
properties including their small particle size, morphology, porosity, and their crystallinity,

a feature that enhances their antimicrobial activity against pathogenic microorganisms [8].
Aim of the study

1. Detection of bacterial isolates from diabetic foot ulcer patients in clinics and the
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Baquba Teaching Hospital, as well as identification of antibiotic-resistant bacteria.

2. Biosynthesis of zinc oxide from Musa acuminata fruit peel.

3. Characterization of the nanomaterial by UV-vis spectroscopy, atomic force
microscopy (AFM), scanning electron microscopy (SEM), and X-ray Diffraction
(XRD) analysis.

4. Determine the antibacterial activity of Musa acuminata extract against pathogenic

bacterial isolates from diabetic foot ulcer patients.

Material and methods

Collection of the Samples

A total of 125 swabs were collected from diabetic foot ulcers from Baqubah Teaching
Hospitalduring the period from the beginning of November 2021 to the end of January 2022.
The specimens were cultured on a blood agar and macConkey agar. The isolates were
purified on mannitol salt agar, EosinMethylene Blue, and Pseudomonas agar by streaking
method. The agar plates were incubated for 24 h. at 37°C, then, biochemical and diagnostic

tests were performed for the bacteria under the study of Amezquita Lopez et al. [9].
Antibacterial susceptibility test

The susceptibility test of the pathogenic isolates was tested according to the CLSI (2021)
criteriausing the Kirby-Bauer method by transferring a few bacterial colonies to 2 ml of
normal saline to makea suspension adjusted to McFarland turbidity (1.5x 108) CFU / ml
and then streaked on Muller Hinton agar plates by using a sterile cotton swab. Different
antimicrobial discs as shown in table (1) were used with a maximum of discs placed on
the surface of inoculated media after that the plates were wrapped with parafilm and

incubated for 24 h. at 37 °C. The inhibition zone of each antibiotic disc was measured.

Table 1: The antibiotic discs used in this study

ABBREVIATION TERM COI\(II\C/I%'\I/B??(;I;ION
FOR EACH ANTIBIOTIC
Amikacin 30
Amoxicillin 25
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Aztreonam 30
Cefepime 30
Ceftriaxone 250
Chloramphenicol 30
Ciprofloxacin 5
Clarithromycin 15
Clindamycin 2
Gentamicin 10
Imipenem 10
Levofloxacin 5
Meropenem 10
Nitrofurantoin 300
Ofloxacin 5
Piperacillin 100
Rifampicin 5
Streptomycin 10
Tetracycline 30
Trimethoprim 5
Trimethoprim- 1.25/23.75
sulfamethoxazole
Vancomycin 30

Collection of Musa acuminata samples

Musa acuminata fruit used in this research was collected from the Baqubah bazaar in
Baqubah municipality of Diyala province, the plant was classified by Prof. Dr. Khazal Dh.
Wadi from theCollege of Science / Diyala University.

Preparation of Musa acuminata

Musa acuminata fruit peels were washed thoroughly to remove impurities, then dried for 4
days at 35 °C in an oven, then crushed with an electric grinder to produce a fine powder,

which was stored at 4 °C in a sterile and sealed glass vial [10].

Biosynthesis of ZnO NPs from extract of Musa acuminata
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In a typical preparation, 4 g of zinc nitrate was dissolved in 20 ml of ethanol under a
magneticstirrer for 15 min. Then 20 g of the plant extract added to the solution under the
stirrer for 1 h.After homogenization, 3 ml of sodium hydroxide (NaOH) was added to the
above solution. To obtain a white precipitation it was washed with ethanol and distilled
water several times. Then dried the ZnO in the oven at 100 °C for 3 h. Next, the powder
was processed at 450 °C for 4 h. [11].

Characterization of ZnO Nanoparticles

The examination was carried out for both nanomaterials by a U.V. spectrum analysis, which
was accomplished within 200 to 700 nm using a UV-visible spectrophotometer (UV-1800,
Shimadzu(Japan). The XRD analysis depends on the interaction between the
monochromatic x- rays and the crystalline sample under test. The x-rays are created using a
cathode tube of rays, andthen the generated rays are filtered to generate monochromatic
radiation directed and focused on the sample. The Scanning Electron Microscopy (SEM)
analysis device scans the sample's surfacethrough strongly focused electron radiation to
obtain a microscopic image of the preparednanoparticles while verifying the homogeneity
of the examined. The Atomic Force Microscope (AFM) technique was introduced to
investigate the surface morphology using AA- 3000, Shimadzu (Japan), with AFM
communication mode. In particular, 5 drops of prodigiosin- ZnO NPs solution were dropped

on a specific laboratory slide and kept for 30 min at 110 °C in anoven [12].
Antibacterial activity of ZnO NPs in vitro

Muller — Hinton agar was prepared and poured into one petri dish. After solidifying, using
a sterilized loop, all bacteria isolated from hospitals (gram-positive and gram-negative)
were cultured in the dishes from the broth by streaking. After the culturing, five wells were
made in the agar that did not touch the bottom of the dish to ensure proper distribution of
the ZnO NPs and Ag NPs. 100ul of each dilution of ZnO NPs and Ag NPs was added to the
well. Five differentconcentrations were prepared from the stock: (12,5, 25,50 , 100 and

200) mg/ml. Each dish was sealed and left in an incubator at 37 °C overnight to be read the
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next day. Each bacterium was cultured on Muller Hinton agar after comparison with
McFarland tube (1.5x108) CFU/ml by streaking method, and the five wells 5mm were made
in the plate by sterilized cork borer [13].

Results and Discussion

Isolation of bacteria

The study included collecting 125 samples from clinical sources (diabetic foot ulcers) of
different ages for both sexes of patients in Baqubah Education Hospital in Diyala province
during the period from the beginning of November 2021 to the end of January 2022,
including taking direct swabs from patients. Samples were cultured on MacConkey agar and
Blood agar by streaking method. The number of specimens according to their gender is
shown in the table (2).

Table 2: The number of specimens according to their gender.

GENDER SPECIMENS NO. PERCENTAGE(%)
Male 60 48%
Female 65 52%
Total 125 100%

Bacterial identification

All bacterial isolates were diagnosed using selective and differential cultures media,
microscopic examination, biochemical tests, and VITEC compact 2 system for confirmation.
Table (3) results showed that the isolation percentage of Escherichia coli, Klebsiella
pneumoniae, Pseudomonas aeruginosa, S.aureus, and S. epidermidis from diabetic foot
ulcers were 76, dividedas 9 (11.8%), 24 (31.6%), 12 (15.8%), 21(27.6%), and 10 (13.2%)

respectively, these results agree with the study of Nour et al.[14].

Table 3: The number and percentage of bacteria isolated from diabetic foot ulcers
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NO. OF DIABETIC

ISOLATES FOOT ULCERS

ISOLATES. (%)
Escherichia coli 9 (11.8%)
Klebsiella pneumoniae 24 (31.6%)
Pseudomonas aeruginosa 12 (15.8%)
Staphylococcus aureus 21(27.6%)
Staphylococcus epidermidis 10 (13.2%)
Total 76 (100%)

Antibiotic Susceptibility Test

Antibiotic susceptibility testing was performed for 5 of the aforementioned pathogenic
bacteriato identify the isolates of bacteria which they showed a multiple drug resistancy (MDR). The
resultsin the figures 1 showed that S. aureus was resistance to Chloramphenicol 3 (14.2%),
Ciprofloxacin 6(28.5%), Clarithromycin 18(85.7%), Clindamycin 15(71.4%), Gentamicin
12(57.1%), Nitrofurantoin 0(0%), Ofloxacin 6(28.5%), Rifampicin 6(28.5%), Tetracycline
12(57%), Trimethoprim 12(57%) and Vancomycin  2(10%), Figure (1). While
Staphylococcus epidermidis, The results indicated that from a total of 10 isolates revealed
showed varied levels of resistance to Chloramphenicol 4( 40%), Ciprofloxacin 3 (
30%),%), Clarithromycin 2 (20%), Clindamycin 8 (80%), Gentamicin 3 ( 30%),
Nitrofurantoin 5(50%), Ofloxacin 4 (40%), Rifampicin 6 (60%), Tetracycline 3(30%),
Trimethoprim 6 (60%) and Vancomycin 7 (70 %).

Figure 2 showed that Nine isolates of E. coli were resistance which include; Ofloxacin 0
(0%), Streptomycin 6 (66.6%), Gentamicin 6 (66.6%), Chloramphenicol 3 ( 33%),
Ceftriaxone 6 ( 66.6%), Aztreonam 2 (22%), Piperacillin 3 (33.3%), Amoxicillin 8 (
88.8%), Imipenem 2 (22.2%) and Tetracycline 8( 88.8%). While K. pneumonia, the results
of the analysis revealed 24 isolates showed variable resistance which include : Ofloxacin
3(12%), Streptomycin 12(50%), Gentamicin 15(62%), Chloramphenicol 8(33.3%),
Ceftriaxone 20(83.3%), Aztreonam 10(41.6%) Piperacillin 5(20.8%), Amoxicillin
22(91.6%), Imipenem 8(33.3%) and Tetracycline 22(91.6%) Figure (2).
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Figure 3 showed that a total of 12 of P. aeruginosa isolates were showed varied levels of
resistance to thefollowing antibiotics: Amikacin 0 (0%), Levofloxacin 2 (13%),

Gentamicin 4 (27%), Ciprofloxacin 3 (20%), Nitrofurantoin 5 (33%), Aztreonam 3
(20%), Cefepime 11 (73%), Imipenem( 7%), Meropenem (13%) and Piperacillin (20%),

Figure (3).
8O
0
60
50
40
’ ® SAweus
20
10 I o 5.o0idermly
0
® & &

The percentage of Resistance
@

3

A !
o & & & <& ,
& & & & S
&Q“ §0* ‘\‘Q@ (‘5"@ (\@@ \ \\@'5 & \Q(;\Q (od" < (P@‘
. . > 3 &
& of 0,,& ¢ & & T g &
C
Antibiotics

Figure 1: The resistance of antibiotics of S. aureus and S. epidermidis

The antimicrobial susceptibility of S. aureus isolates showed that 12 isolates (57.15%) and
15 (71.4%) were resistant to Gentamicin and Clindamycin respectively, these results
resistance agreement with previous studies by Alsaadi [15] and Hasan[16] when reported

the rates of resistanceon the same antibiotics were 55.7% and 68% respectively.

The resistance of S. epidermidis isolates of the current study agreed with other studies such
asAyah [17], which reported that the resistance to ciprofloxacin was (33%) and to tetracycline
(31%).According to the study recorded by Ali [18], which indicates that Rifampin resistance
was 55%, these results agree with the present study. Shrestha et al.[19] revealed that
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Nitrofurantoin resistancewas 45% against S. epidermidis, this result agrees with the present

study.
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Figure 2: Antibiotic resistance of E. coli and K. pneumonia

A study done by AL-Dolaymi [20] detected the resistance of E. coli to Streptomycin(70%),

Gentamicin (60%), and Amoxicillin (90%), these results were close to present study.

The resistance percentage of K.pneumoniae isolates against Amoxicillin was great (91.6%),
this result close to the result of study done by Al-Khafaji [21] who indicated the resistance
rate of K.pneumoniae isolates against Amoxicillin was 89%.
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Figure 3: Antibiotic Resistance of P. aeruginosa
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Al-saadi [15] showed the antibiotic resistance test for P.aeruginosa revealed that a high
percentage of resistance was seen against Cefepime 73%, this result agrees with the present
studybut disagrees with the result of safferi et al. [22] which was 15%. Whereas a lesser
percentage of antibiotic resistance was seen against Amikacin, Levofloxacin, and
Meropenem(0%), and (13%), these results disagree with several studies such as sala et al.

[23], and Namnq et al.[24] which revealed a high resistance against the same antibiotics.

Biosynthesis of ZnO NPs by Musa acuminata fruit peel extract

Green method synthesis of nanoparticles increases the inhibition rate compared with
conventional delivery and retains the antimicrobial efficacy for a longer time. The plant
extract was confirmed by the appearance of yellowish-white color precipitates in the

solution mixture, asshown in figure (4).

~(a) Initial color (white) | (b) Final color change (yellowsh-white)

Figure 4: ZnO NPs synthesis by Musa acuminata fruit peel extract
Characterization of Zinc oxide Nanoparticles

The characterization of ZnO NPs was carried out by using X-ray diffractometer (XRD)
pattern analysis and UV-Visible Spectrophotometer where the nanomaterial has been
Characterization in the Physics department\Collage of Sciences\Diyala university. While
Emission Scanning Electron Microscope (SEM) and Atomic Force Microscopy (AFM) It
was Characterization at Phi Nano-Science Center (PNSC) \Baghdad.

X-Ray Diffraction (XRD) analysis
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The biosynthesized ZnO nanoparticles were analyzed using X-ray diffraction devices to
determine crystallinity and average particle size figures (5) show the XRD pattern of ZnO
NPs prepared by green syntheses, the strongest peaks at angles 31.9° 34.6°, 36.4°, 47.7°,
56.7°, 63, 68° corresponding to planes (100), (002), (101), (102), (110), (103), (112)
respectively. All these peaks agree with JCPDS Card No:(01-079-0205) and confirm the
hexagonal phase of ZnO NPs. The crystallite size of ZnO NPs was calculated using Debye
Scherrer's formula [25].Where D is the crystal size, A= 1.5406 Ac is the X-ray wavelength,
B is the Full-width half maximum (FWHM) of the peak in radians, and 6 is the Bragg angle.
The mean crystallite size is about 25.9 nm and the small size of prepared nanoparticles gives
us a special benefit for biological activity, especially for antimicrobial activity.
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Figure 5: XRD pattern of ZnO NPs prepared by green synthesis

Atomic Force Microscopy (AFM)

The surface roughness, topography, and morphology in this study were investigated using
an Atomic Force Microscope (AFM) technique. This particular technique provides both
two, and three-dimensional images of the desired nanoparticles at an atomic level [26]
Figure (6). The average particle diameter of the synthesized ZnO nanoparticles is 40, 45,
and 50 nm at 6.20, 5.50, and 5.15 respectively, it should be mentioned that the average

size diameter of the scanned nanoparticles was estimated on the nano-scale, where the
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biosynthesized ZnO nanoparticles using Musa acuminata have investigated via the AFM

technique. The average diameter was 45 nm.
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Figure (6) AFM of ZnO NPs synthesized by Musa acuminata
A: (3D) B: (2D) C: Average size
Scanning Electron Microscopy (SEM) analysis

The surface morphology obtained using the SEM technique was investigated, and the
topographical analyses were presented based on the surface investigation. As illustrated in
Figure(7) the image illustrates a low glomeration degree. Moreover, the prepared ZnO sample

exhibited spherical particles and plate-like structures. The obtained structure was similar to
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other researchers' outcomes by which plate-like morphology was also obtained with almost
similar particle diameter and nanoparticle size around (28.2-55) nm. The results showed that
the size of no NPS as follows: (87.13,44.38,68.27,59.44, 61.07,71.63,90.73,88.83, 96.14,

88.41) nm average size was 75.60.

rEmy S g W R L LER Bt 4 D Juiny eIy
WO lan Mg~ taoORx e Tt Wi Sl Mg v SODEEX Fiawt Tom

Figure 7: SEM images of ZnO nanoparticles
UV-Vis Spectroscopy

The optical properties of ZnO NPs have been studied by using UV-visible spectroscopy, as
shown in Figure (8), the sharp peak of spectrum observed in the blue region at 374 nm, and
this excitation wavelength gives us a strong indication of the behavior of ZnO NPs which has

been prepared.

8 -
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Figure (8) Uv-Visible spectroscopy of ZnO NPs prepared by green syntheses
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Antibacterial activity of ZnO NPs against pathogenic bacteria

ZnO NPs show antibacterial activity against gram-positive and gram-negative bacteria
(Multidrug-resistance) isolated from diabetic foot ulcers. Alcohol extract of Musa acuminata
which using to biosynthesize ZnO NPs and the results are shown in table (3) and, figure (10).
ZnO NPs showed the highest diameter of inhibition zone a concentration of 200 mg/ml of E.
coli, K. pneumonia P. aeruginosa S. aureus, and S. epidermidis, reaching (28, 27, 31, 29, 26)
mm respectively, while the ZnO NPs recorded at concentration 12.5 mg/ml lowest areas of

inhibition zone against the same isolates reaching (22, 23, 24, 24, 21) mm respectively.

Table (3) Antibacterial activity of ZnO NPs on bacterial growth

AVERAGE OF INHIBITION ZONE
DIAMETER(MM)
ISOLATES concentration concentration concentration concentration concentration
s 12.5 mg/ml s 25 mg/ml s 50 mg/ml s 100 mg/ml s 200 mg/ml
E. coli 22 25 26 27 28
K. 23 23 24 24 27
pneumoniae
P. 24 26 31 31 31
aeruginosa
S. aureus 24 27 27 28 29
S. 21 24 24 25 26
epidermidis

K.gneumoniag
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prareuginosa

Figure 10: antibacterial activity of ZnO NPs against S. epidermidis, K. pneumoniae, E. coli,
S. aureus, and P. aeruginosa by agar well diffusion method. The letters (a, b, c, d, e) represent
the concentrations (200, 100, 50, 25, 12.5)mg/ml respectively, and f (control).

The green synthetic method of ZnO NPs from Musa acuminata fruit peels is a recent approach
that is the explanation of a cheap and eco-friendly methods [11]. Characterization of Zinc oxide
Nanoparticles showed that crystallite size is about 25.9 nm when examined by XRD, this result
was close to Ali et al. [27] who mentioned that the average size was 30-40 nm. The synthesized
ZnO nanoparticle formation was confirmed by Atomic Force Microscopy(AFM) was 45 nm,
this ratio was close to Elumalai and Velmurugan [28]. The surface morphology of the ZnO
nanoparticle was investigated by Scanning Electron Microscopy (SEM) analysis with an
average size was around (28.2-55) nm, this result agrees with Manjunatha et al., [12]. The sharp
peak of the spectrum was observed in the blue region at 374 nm when examined by UV-Vis

Spectroscopy, this result agreed with Fakhari et al., [29].

The ZnO NPs toxicity in bacteria is mainly due to the generation of reactive oxygen species
(ROS), specifically, the ROS toxicity to the cell's wall is attributed to cellular constituent
damage like proteins, lipids, and DNA. ROS generation is widely considered the major factor
of antibacterial activity associated with ZnO photo-toxicity [30].

Nanotechnology and nanomaterials play an important role in damaging DNA, destroying the
membrane, and Killing cells through lipid peroxidation and oxidative stress. The nanoparticles,
in general, interact with water molecules within the medium of the cell and also use the

electrons capture pathway, which results in free radicals producing especially ROS [31].
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Conclusions

The present study revealed a simple, safe, cost-effective, and environmentally friendly method
for producing ZnO NPs using an alcoholic extract of Musa acuminata. SEM, UV-vis, AFM,
and XRD were used to investigate the obtaining efficiency of ZnO NPs. The nanostructures of
ZnO NPs were verified by spectroscopy. These nanoparticles were also investigated for their
ability to inhibit the growth of E. coli, P. aeruginosa, K. pneumonia, S. aureus, and S.
epidermidis in antibacterial tests. It was found that the

nanoparticles had improved antibacterial qualities.
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