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Abstract: The present study aims to describe the antibacterial activity of chitosan nanoparticles loaded 

with Syzygium aromaticum extract against MDR Klebsiella pneumonia. 50 isolates of K. pneumoniae 

were collected from patients with urinary tract infections. The isolates were diagnosed as Klebsiella 

pneumoniae by classical biochemical tests and PCR technique using 16S rRNA gene as a diagnostic gene 

and gel electrophoresis. The sensitivity of bacteria to antibiotics was tested using the Kerby-Bauer 

method. Measuring the diameters of inhibition and testing the effectiveness of the chitosan nanoparticles 

prepared in a previous study using spared plate method and counting the colonies growth. It was 

concluded to demonstrate that the chitosan nanoparticles loaded with Syzygium aromaticum extract have 

good antibacterial efficacy against MDR Klebsiella pneumonia. 
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Introduction 

Because of the increasing 

resistance to antibiotics by pathogenic 

microorganisms, it has become 

necessary to search for a novel source of 

antibiotics that are natural, safe, cheap, 

and effective against pathogenic 

microorganisms. Nanotechnology give 

great attention in recent years due to its 

physiological properties Its specific 

size, shape, and structure also influence 

its reactivity, toughness, and other 

characteristics (1). The dried flower 

buds of Syzygium aromaticum (S. 

aromaticum ) belong to Myrtaceae 

Family, sometimes known as clove, are 

a traditional spice used for food 

preservation and have a variety of 

therapeutic characteristics  (2). Clove is 

a rich source of phenolic chemicals such 

as flavonoids, hydroxybenzoic acids, 

hydroxycinnamic acids, and 

hydroxyphenyl propene. Eugenol is the 

primary bioactive chemical found in 

clove, with quantities ranging from 9 

381.70 to 14 650.00 mg per 100 g of 

fresh plant material (3). Flavonoids, 

phenols, citric acid, ascorbic acid, 

polyphenolic, terpenes, alkaloids, and 

reductase are examples of bioactive 

compounds found in plants that serve as 

reducing agents. Plant-mediated 

nanoparticle synthesis is a particularly 

promising subject of nanotechnology 

since the plant acts as both a reducing 

and capping agent (4). Many plant-

derived extracts are featured here due to 

their potential as environmentally safe 

scavenging free radicals, microbicidal 

agents, or antibiotic alternatives, 

considering that the majority of the 

latter have resulted in bacterial 

resistance due to overuse and/or 

underuse. They can have greater and 

longer-lasting bioactivity when 

encapsulated in small-scaled particles 

(5). The antibacterial effect of Chitosan 

nanoparticles is most likely due to 
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interactions with the bacterial cell wall 

or cell membrane. Various Process 

Theories have been proposed in an 

attempt to explain this process (6). The 

most often stated Chitosan NPs 

antibacterial action mechanism is the 

electrostatic link between the positively 

charged amino groups of glucosamine 

and the negatively charged cell 

membranes of bacteria (7). This 

interaction produces broad alterations to 

the surface of the cell, resulting in a 

change in membrane permeability, 

which causes osmotic imbalance and 

intracellular substance efflux, ultimately 

leading to cell death figure(1) (5,8). 

 

 
Figure (1): Antibacterial mechanisms of chitosan nanoparticles (5) 

 

The K. pneumoniae is a clinically 

important bacterium it is a prevalent 

source of diseases associated with 

health care environments, such as 

pneumonia, urinary tract infections UTI, 

and bloodstream infections (9). It is a 

gram-negative, encapsulated, gas-

producing, non-motile, lactose-

fermenting, facultatively anaerobic 

bacteria with a rod-like form under the 

microscope. It is a typical bacterium 

that lives in the mouth and gut and 

belongs to the Enterobacteriaceae 

family. When K. pneumoniae is moved 

somewhere else, it becomes harmful 

(10). 

Materials and methods 

Bacterial isolates 

Fifty previously identified K. 

pneumonia isolates from patients 

suffering from urinary tract infections 

were obtained from al-Karama and 

ghazi al-Hariri hospitals in Baghdad 

During the period from December 2021 

until February 2022. The isolates were 

cultured on CHROMagar, blood agar, 

and MacConkey agar and incubated at 

37℃ for 24 h. Tests including 

morphological properties, gram stain 

procedures, and standard biochemical 

tests were used. 

Biochemical tests 

Classical biochemical tests were 

performed on the isolates to confirm 

their identification. Which were: Gram 

stain, Catalase production, Oxidase test, 

Indole production, Urease production, 

Lactose fermentation, Motility test, and 

microscopic shape. All the tests were 

performed as per (11,12). 

Genotypic identification 

DNA extraction of bacteria 

Bacterial DNA was extracted 

from all isolates using Favor Prep 

Blood/ Cultured Cells Genomic DNA 

Extraction Mini Kit/Korea which was 

intended to extract DNA from Gram-

negative bacteria using a 1ml nutrient 
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broth sample in a 1.5 microcentrifuge 

tube the extract was stored in a deep 

freeze for further use. 

Identification gene selection 

In this study, a traditional 

polymerase chain reaction PCR test was 

used to identify the 16S rRNA gene for 

identifying the K. pneumoniae 

subspecies. 16srRNA primer (1419bp) 

was provided by Favorgen, Korea 27F                                        

(5'-AGAGTTTGATCCTGGCTCAG-

3') and1392R 

(5'GGTTACCTTGTTACGACTT-3'). 

PCR products were visualized on a 1% 

agarose gel stained with a red safe(13). 

Preparation of primers 

The primer was in lyophilized 

form. As indicated by the supplier, it 

consists of i-Taq TM DNA polymerase 

5U/μl 2.5U, dNTPs 2.5mM each, 

Reaction Buffer 10x, and Gel Loading 

buffer 1x. They were dissolved in sterile 

nuclease-free water to achieve a final 

concentration of 100 Picomole/µl as a 

stock solution. Pipetting 10 µl from the 

stock solution into 90 µl of nuclease-

free water to obtain a final 

concentration of 10 pmol/µl was used as 

a work solution, and then kept in a deep 

freezer until ready to use. 

Amplification reaction 

Using 25μL of PCR reaction, 1.5 

μl DNA template amplified using 5 μl 

of Taq PCR PreMix and 1 μl of each 

primer10 pmol/μL of the gene, up to the 

final volume of 25 μl with nucleases 

free water The extracted DNA, primers, 

and PCR premix were thawed at 4°C, 

vortexed, and centrifuged briefly to 

bring the contents to the bottom of the 

tubes. Optimization of the polymerase 

chain reaction was accomplished after 

several trials. The negative control 

contained all material except DNA, so 

nuclease-free water was added instead 

of template DNA. PCR programs were 

set on Thermal-cycler Applied 

BioSystem/ USA. 

The cycling conditions of the 16S 

rRNA gene 

The program was performed for 

amplification by PCR which was 

designed in the current study, initial 

denaturation 95ºC for 5 min 1 cycle, 

Denaturation 95 ºC for 45 sec, 

annealing at 56 ºC for 45 sec, Extension 

at 72 ºC for 1 min, these three steps 

repeated for 35 cycles and finally Final 

extension at 72 ºC for 5 min 1cycle. 

Agarose gel-electrophoresis of the 

PCR product 

All products were tested by 

agarose gel electrophoresis. 1.5g 

agarose gel with100ml 1x TBE stained 

with red stain 3 µl in the wells of the 

gel, 8μl of PCR products were put in 

each well. To detect PCR product size, a 

DNA ladder Kapa /USA 100bp was 

performed simultaneously with an 

electrophoretic run. UV transilluminator 

documentation system was used to see 

DNA bands. The gel was covered with 

TBE, the tank was closed, and 

electrophoreses were run for 1 hour at 5 

volt/cm of the gel. After that, the 

agarose gel was taken out of the tank 

and photographed using a UV 

transilluminator (14). 

 

Antibiotic susceptibility assays 

Antibiotics were chosen based on 

the Institute of Clinical Standards and 

Laboratories' recommendations CLSI 

2021 the discs were Ceftriaxone, 

Ciprofloxacin, Nalidixic acid, 

Gentamicin, Imipenem, Meropenem, 

Amoxicillin/ Clavulanic, Tobramycin, 

Cefotaxime, Ceftazidime, 

Nitrofurantoin, Trimethoprim, and 

Tetracycline.Antibacterial susceptibility 

testing was prepared according to the 

Kirby-Bauer method that was described 

by (15). briefly, 1-2 colonies were 

transferred to 3 mL of normal saline 

from an overnight nutrient agar plate 

culture. the turbidity was adjusted to 0.5 
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McFarland A sterile cotton swab 

immersed into the bacterial suspension 

was inoculated into Muller Hinton agar 

plates, Different antibiotic discs were 

used, put on the surface of the medium 

with sterilized forceps, and later the 

plates were inverted and incubated at 

37ºC for 18-24 hours. The resulting 

zones of inhibition were measured and 

compared with the breakpoints of CLSI 

2021. By comparing the isolate to 

conventional inhibition zones, the 

isolate was classified as sensitive, 

intermediate, or resistant to a certain 

antibiotic according to (15). 

Preparation of S. aromaticum extract 

The air-dried powdered plant 

material (150 g from the sample) was 

extracted for 8 hours under Soxhlet on a 

water bath with the solvent aqueous 

methanol (methanol 80 %: water 20 % 

v/v) 500 ml. The extracts were 

concentrated and dried using a rotary 

evaporator (16). 

Gas-chromatography-mass 

spectrometry analysis (GC–MS) 

Chemical components of the 

samples were identified by an Agilent 

(7820A) GC Mass Spectrometer, 

analytical Column: Agilent HP-5ms 

Ultra inlet (30 m length x 250 µm 

diameter x 0.25 µm inside diameter) 

Injection volume 1µl, Pressure 11.933 

psi, GC Inlet Line Temperature: 250 ˚C, 

Aux heaters Temperature 310 ˚C, 

Carrier Gas: He 99.99%, Injector 

Temperature: 250 ˚C Scan Range: m/z 

50-500, Injection Type: Splitless (17). 

Preparation of Chitosan/S. 

aromaticum Nanoparticles 

Chitosan/ S. aromaticum solution 

was prepared according to (18). Briefly, 

Chitosan and 5% S. aromaticum extract 

were combined in equimolar ratios, 

condensation process was carried out in 

the presence of xylene using the Dean-

Stark (Clevenger) apparatus until the 

theoretical quantity of water was 

separated. Washing several times with 

methanol, hot distilled water, and 

ethanol, then dried in an electric oven at 

50
◦
C. The Chitosan NPs loaded S. 

aromaticum Extract were produced 

utilizing an ionic gelation process 

including Tripolyphosphate TPP and a 

chitosan-S. aromaticum extract adduct 

by dissolving 5 mg/ml of the chitosan-

plant adduct in 1% w/v acetic acid 

solution, the pH value is adjusted to 7, 

stirring until the solution is clear then, 

TPP solution was added to the solution 

with ratios 1:2.5 (w/w), with continuous 

stirring at ambient temperature for 

6h(19). 

Characterization of chitosan NPs 

loaded S. aromaticum extract  

The characterization of Chitosan 

NPs loaded S. aromaticum Extract 

achieved using UV-vis, FTIR, XRD, 

AFM, and SEM. in a previous study 

conducted by the same authors. 

Spread plate method (SPM) 

Mueller Hinton agar MHA is put 

onto several sterile Petri plates and 

allowed to solidify. Before using the 

plates, wait for a while to dry. As with 

the pour plate procedure. Bacterial 

suspension of moderate turbidity was 

prepared by picking 1-2 isolated 

colonies of K. pneumoniae from the 

original culture and introducing them 

into a test tube containing 4 ml of 

normal saline. It was compared to the 

standard turbidity solution the 

McFarland value which approximately 

equals 1.5x10
8
 CFU/ml. The treatments 

with different concentrations of 

100%,50%, 25%, 12.5%, 6.25%, and 

3.12% of S. aromaticum Extract loaded 

Chitosan NPs solution mixed with 

bacterial suspension, in addition to 

bacterial control (without treatment), 

pipette 100μl quantities of each dilution 

over the surface of each of the three 

plates. An ethanol-flamed glass spreader 

is then used to disseminate the sample 
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throughout the plate's surface. The 

plates are incubated for 24h at 37 °C in 

aerobic conditions and the number of 

colonies that form is counted in the 

same way as the pour plate method does 

(20). 

Results and discussion 

Culturing examination 

In the current study, all 50 isolates 

were cultured on the selective medium 

CHROMagar, MacConkey agar, and 

blood agar for colony characterization. 

They were incubated at 37
o
C for 24 h. 

The appearance of K. pneumonia 

colonies on CHROMagar resulted in the 

formation of mucoid metallic blue 

colonies, indicating the presence of K. 

pneumonia. (21). On MacConkey agar 

Pink, mucoid, and lactose fermented 

colonies were identified as Klebsiella 

spp., however, colonies on blood agar 

were greyish white, mucoid, and non-

hemolytic (22). Bacterial enzymes 

degraded the artificial chromogenic 

substrates (chromogens) in the media 

during metabolism, resulting in the 

particular coloration of the colonies for 

each bacterium. These substrates allow 

for color-based identification of 

colonies recovered within 18 to 24 

hours of inoculation. The degraded 

chromogens made it easier to identify 

mixed growth and enabled better 

detection rates, The same phenomenon 

was observed by(23) who went on to 

say that degraded chromogens would 

make it easier to identify mixed growth 

and increase diagnostic accuracy. 

Biochemical identification 

A variety of biochemical 

experiments were performed to identify 

K. pneumonia, as shown in Table 1. 

When a hydrogen peroxides reagent was 

applied to the colonies, the large 

majority of the suspected isolates 

released gas bubbles, suggesting a 

positive catalase test result. The oxidase 

test, on the other hand, returned a 

negative result. All isolates were 

negative for indole production, motility 

tests were negative, and the urease test 

was positive. Lactose fermentation was 

also detected in the isolates. These 

traditional biochemical results were 

compared with the standard result 

published by (11). 

Table (1): Morphological and Biochemical Identification Results of K. pneumonia. 

No. Biochemical Test Result 

1 Gram stain - 

2 Catalase production + 

3 Oxidase test - 

4 Indole production - 

5 Urease production + 

6 Lactose fermentation + 

7 Motility test - 

8 Microscopic shape Road shape 

                           (+): positive; (-): negative      

    
Genotypic identification of K. pneumonia 

isolates 

To validate the species 

identification of K. pneumonia, 

traditional PCR was performed to 

amplify the 16S rRNA gene, followed 

by 1.5 percent agarose gel 

electrophoresis to confirm the positive 

result. The genotypic identification of 

the 16S rRNA gene that uses isolates 

exhibits a 100% positive result with an 

amplified size of 1410 bp Figure 2. 

these results were in agreement with 

(24) who found the isolates of K. 

pneumonia show a similar single band 

at an approximate 1500 bp size using 

agarose gel electrophoresis. Thus, the 

isolates were classified as Klebsiella 
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pneumonia according to amplification of the 16S rRNA gene. 

Figure (2): PCR product the band size 1410 bp. The product was electrophoresis on 1.5% agarose 

at 5 volt/cm2. 1x TBE buffer for 1:30 hours. M: DNA ladder (100). 

 

 Antibiotic susceptibility assays 
The antibiotic susceptibility of K. 

pneumonia isolates was determined by 

the disk diffusion method with the 

guidelines (15). This test was conducted 

on all 50 isolates against 13 antibiotics, 

The results revealed that often isolates 

have a very high level of resistance to 

the antibiotics used in this study as 

presented in table 2, which represents 

Antibiotic susceptibility test results of 

K. pneumonia, where isolates vary in 

their susceptibility to the antibiotics. In 

the present study, most of the isolates 

were Multi-Drug Resistant (MDR) 

when tested by the standard disk 

diffusion method. These results were in 

agreement with the results of (25) who 

find that the majority of K. pneumoniae 

isolates recovered in his study are MDR 

organisms which limits the available 

treatment options. Among 50 K. 

pneumonia isolates tested, 50 isolates 

100% were resistant to Trimethoprim 

and Tetracycline followed by 48 isolates 

96% were resistant to Amoxicillin/ 

Clavulanic acid, whereas 22 isolates 

44% intermediate to Nitrofurantoin, 42 

isolates 84% were sensitive to 

imipenem and, 38 isolates 76% 

sensitive to meropenem. 

 

Table (2): Antibiotic susceptibility test results of K. pneumonia. 

Antibiotic 
Total 

No. of isolates 

No. of 

R isolates 
R 

No. of 

I Isolates 
I 

No. of S 

isolates 
S 

AMC 50 48 96% 0 0% 2 4% 

CAZ 50 35 70% 5 10% 10 20% 

CIP 50 28 56% 2 4% 20 40% 

CN 50 20 40% 0 0% 30 60% 

CRO 50 35 70% 0 0% 15 30% 

CTX 50 30 60% 10 20% 10 20% 

F 50 23 46% 22 44% 5 10% 

IPM 50 5 10% 3 6% 42 84% 

MEM 50 10 20% 2 4% 38 76% 

NA 50 15 30% 7 14% 28 56% 

TE 50 50 100% 0 0% 0 0% 

TMP 50 50 100% 0 0% 0 0% 

TOR 50 15 30% 2 4% 33 66% 

  R: Resistant, I: Intermediate, S: Sensitive 
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From the results above K. 

pneumonia develop more resistance to 

tetracyclines and folate pathway 

antagonist's class agents with 100% 

resistance.  96% of isolates resist to β-

lactam combination class agents, up to 

70% of isolates confer resistance to 3
rd

 

generation cephalosporines, and the less 

resistant was to carbapenems agents 

with 10%. Nitrofurans class was 

intermediate activity to K. pneumonia 

with 44% at maximum, and minimum 

percent of intermediate susceptibility 

belong to quinolones class, 

carbapenems class, and 

aminoglycosides class agents with 4%. 

The highest sensitivity of K. pneumonia 

isolates was to carbapenems up to 84% 

these results agreed with the findings of 

(26) who detected a high level of 

resistance of 95% among K. pneumonia 

strains to β-lactam combination class 

agents and, showed high sensitivity to 

carbapenems class agents, As well as  

(27) reported the commonest MDR 

strains were detected from E.coli 

31.6%, followed by K. pneumoniae 

30% Raha et al. (28) reported the 

isolates in their study exhibited a low-

level resistance against Tigecycline, 

Meropenem, and Imipenem. Moreover, 

the relative alteration in the patterns of 

resistance of K. pneumoniae to 

antibiotics occurs for a variety of 

reasons, including the size of the 

studied samples, the varied origin of 

specimens, site of infection, and 

predisposition of the patient (29). 

Furthermore, mutations in plasmid 

genes that were not previously thought 

to be resistance genes might play a role 

in K. pneumoniae resistance (30). It is 

clear from the overall context that K. 

pneumoniae isolates in this study are 

multi-drug resistant pathogens.  

GC-MS analysis 

The chemical compositions of 

Syzygium aromaticum extract are 

determined by GCMS, the retention 

time and area percent of the 

composition are listed in Table (3). 

  

Table (3): Chemical composition of S. aromaticum Extract 

Compound R. Time Area% 

Eugenol 13.118 77.53 

Eugenol 14.148 3.30 

Phenol, 2-methoxy-4-(2-propenyl)-acetate 15.860 12.71 

Eugenol 16.645 3.54 

trans-Isoeugenol 17.193 2.93 

 

The S. aromaticum extract 

contains (84.37%) pure eugenol, 

according to the results of GC-MS 

analysis, and three varied retention 

times of eugenol were discovered. The 

three approaches' retention times of 

(13.118), (14.184), and (16.645) 

minutes, respectively. For eugenol, 

different retention times have been 

observed, this result is the same as 

reported by (31). Eugenol is the major 

chemical compound in S. aromaticum 

extract, according to the recorded 

studies, and it has different biological 

activities as an antioxidant, anti-

carcinogenic, antimicrobial, antifungal, 

and insecticidal characteristics these 

results agreed with  (32) who founds 

that the eugenol is the main compound 

in the S. aromaticum extract and has 

different biological activities. 

Characterization of S. aromaticum 

loaded chitosan NPs  

Uv-vis spectroscopy 

The highest absorbance value at 

the wavelength 250.00 nm with a value 

of 1.806 in chitosan NPs loaded S. 

aromaticum extract whereas the highest 
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value in S. aromaticum extract was at a 

wavelength of 230.00 nm with a value 

of 1.534, in addition to the 

disappearance of the wavelength 230.00 

nm in the S. aromaticum extract and the 

appearance of a new wavelength at 

250.00 in chitosan NPs loaded S. 

aromaticum extract all, indicate the 

formation of the nanomaterial and the 

successful loading of the S. aromaticum 

extract on chitosan nanoparticles. Figure 

(3). 

 

 
Figure (3): Absorbance difference between S. aromaticum extract and chitosan NPs loaded S. 

aromaticum extract by Uv-vis Spectroscopy. 

 

Fourier transformation infrared 

spectroscopy (FTIR) 

In chitosan NPs loaded S. 

aromaticum extract a new spectrum 

appeared at 449.41 cm
-1

 that was not 

present in Chitosan, which indicates the 

emergence of a new bond as a result of 

the emergence of a new compound. In 

addition to comparing the spectra area, 

it was found in Chitosan at the peak 

495.71 cm
-1

, the area was 2.445, while 

in chitosan NPs loaded S. aromaticum 

extract at the peak 493.78 cm
-1

 the area 

was 4.326 as well as at the main peak of 

the Chitosan at              3393.79 cm
-1

 

and its area 86,435 while in chitosan 

NPs loaded S. aromaticum extract the 

main peak was 3132.4 cm
-1

 and with an 

area 224,511. this indicates the large 

molecules were broken into smaller 

molecules and when they are linked 

with chitosan, the value of the surface 

area of the bond increases, and the area 

increases. Changes in the functional 

groups of active biomolecules might 

indicate that they are related to the 

formation of chitosan NPs loaded S. 

aromaticum extract. Figure (4), these 

results agree with (33)(34). 

 

Figure (4): FTIR Spectra Pattern of Chitosan and Chitosan NPs loaded S. aromaticum extract 

 

0

0.5

1

1.5

2

357 277 250 230 204 

0 

1.177 

0 

1.534 

0 

0.369 

0 

1.806 

0 
0.169 

A
b

so
rb

an
ce

 

wave length nm 

S. aromaticum extract Chitosan NPs loded S.aromaticum extract



 

                                                            Iraqi Journal of Biotechnology                                                    39 

 

 

 

 

Atomic force microscope analysis 

AFM  

Atomic Force Microscopy images 

were used to measure particle sizes and 

the topography of the surface of 

Chitosan NPs loaded S. aromaticum 

extract, the size of particles obtained 

ranged from 26.74 to 53.96 nm Figure 

(5). 

 

 
Figure (5): Distribution of Chitosan NPs loaded S. aromaticum extract according to particles size 

 

Scanning electron microscope SEM  

The morphology of chitosan NPs 

loaded S. aromaticum extract was 

investigated using SEM, the results 

were presented in Figure (6) chitosan 

NPs loaded                      S. aromaticum 

extract have a spherical appearance with 

a diameter range 37.96-79.01 nm. and 

have a relatively homogeneous 

morphology.  

 

 
Figure (6): Scanning Electron Microscopy image of chitosan NPs loaded S. aromaticum extract 
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X-ray diffraction XRD 

Figure (7A) shows the X-ray 

diffraction patterns of chitosan. Which 

shows the main peak of 2θ value at 

20.53° and an intensity level close to 

1200 cont. On the other hand, Figure 

(7B) shows the chitosan NPs loaded S. 

aromaticum extract peak, which shows 

its main peak of 2θ value at 22.8596° 

and an intensity level at 736.5503 cont. 

this change indicates the difference in 

the crystal structure between these two 

materials where chitosan NPs loaded S. 

aromaticum extract were more 

crystalline than Chitosan. 

 

Figure (7) (A) Diffractogram of Chitosan (35), (B) Diffractogram of chitosan NPs loaded                  

S. aromaticum extract 
 

Antibacterial activity of chitosan NPs 

loaded S. aromaticum extract 

The spread plate method SPM 

was used to evaluate the antimicrobial 

activity of chitosan NPs loaded S. 

aromaticum extract against K. 

pneumonia isolates that showed the 

highest rate of antibiotic resistance (36). 

The results are listed in the table (4).

 

Table (4): The antibacterial activity of different concentrations of Chitosan NPs loaded S. 

aromaticum extract against K. pneumonia. 

Isolates 
Chitosan NPs loaded Syzygium aromaticum Extract concentrations 

LSD 
100% 50% 25% 12.5% 6.25% 3.12% Control 

K33 0 0 0 0 0 100 1.5*10
8
 0.0001** 

K35 0 0 0 0 2 1600 1.5*10
8
 0.0001 ** 

K36 0 0 0 0 0 0 1.5*10
8
 0.0001 ** 

K37 0 0 0 0 3 900 1.5*10
8
 0.0001 ** 

K40 0 0 0 0 0 300 1.5*10
8
 0.0001 ** 

K41 0 0 0 0 5 1100 1.5*10
8
 0.0001 ** 

K42 0 0 0 0 8 760 1.5*10
8
 0.0001 ** 

K46 0 0 0 0 3 1400 1.5*10
8
 0.0001 ** 

K47 0 0 0 0 5 860 1.5*10
8
 0.0001 ** 

K50 0 0 0 0 0 120 1.5*10
8
 0.0001 ** 

P-value 0.0001 ** ---- 

P≤0.01** 
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From the results above, it was 

observed that there was an inhibitory 

effect of Chitosan NPs loaded S. 

aromaticum Extract against bacterial 

growth, the highest inhibition activity 

was at a concentration of 100%, 50%, 

25%, and 12.5%, as no growth of 

bacterial colonies was observed, and the 

result was zero colonies for all isolates 

compared with the control of each 

isolate which was 1.5×10
8 

CFU/ml. In 

the concentration of 6.25 %, there are a 

few colonies were observed, and the 

highest growth was 8 CFU/ml in the 

isolate K42 and the other growth ranged 

from 2 to 5 CFU/ml for other isolates 

besides the isolates K33, K36, K40, and 

K50 was no growth while its control was 

1.5×10
8 

CFU/ml. However, for the 

concentration of 3.12 %, there is a 

growth in most of the isolates ranging 

from 100 to 2000 CFU/ml while the 

isolate K36 was no growth while its 

control was 1.5×10
8 

CFU/ml. The results 

were statistically analyzed and showed 

high significant differences compared 

with control at probability 

(P≤0.01).These results approved that the 

Chitosan NPs loaded S. aromaticum 

Extract have antibacterial activity 

against K. pneumonia isolates with 

different concentrations these findings 

were agreed with (37) (38) who founds 

that Chitosan NPs have a wide spectrum 

of antimicrobial activity against different 

pathogenic bacteria. As well as (39) 
reported that the key finding of his work 

is that chitosan-alginate NPs are 

effective for treating Enterobacteriaceae 

infections. The role of plant extract 

loaded with the NPs that the Plant 

extracts work as both reducing and 

stabilizing agents. Phenolic and 

flavonoid chemicals act as reducing 

agents, whereas amino acids function as 

stabilizing agents. Which increases the 

activity and stability of nanoparticles 

(40). The results admit with (41) who 

revealed that chitosan nanoparticles 

synthesized by the ionic gelation method 

possess strong antibacterial activity 

against Gram-negative bacteria. The 

electrostatic force between the Chitosan 

NPs loaded S. aromaticum Extract and 

the bacterium cell wall promotes a 

tighter contact with charged molecules, 

allowing NPs to pass through the cell 

wall. Furthermore, Chitosan NPs loaded 

S. aromaticum Extract can alter the 

electron transport chain of bacteria (42). 

Electrostatic interactions, which alter 

membrane permeability, are the most 

commonly suggested antibacterial 

activity of Chitosan NPs loaded S. 

aromaticum Extract. It then attaches to 

DNA, preventing DNA replication and 

ultimately causing bacterial cell 

death(43,44,45). 

Conclusion 

The present study concluded that 

Chitosan NPs loaded with Syzygium 

aromaticum Extract has antibacterial 

activity against K. pneumonia strains 

that have resistance to antibiotics, 

Considering the effectiveness of plant 

extracts on multi-drug resistant bacteria 

in vitro, we recommend more research 

on these extracts in vivo as therapeutic 

alternatives, especially after loading on 

nanomaterials, because this increases 

their antibacterial activity in small 

quantities, safe and economic value. 
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