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ABSTRACT  

P seudomonas aeruginosa (P. aeruginosa) is considered as an im-
portant pathogen that threatens poultry industry resulting in severe 
economic losses. The ability of this pathogen to form biofilm and re-

sistance to the antimicrobial agents represents a very great danger that pro-
duces treatment difficulties. So that, this study was conducted to isolate P. 
aeruginosa from 100 diseased broiler chickens farms in Dakahlia Gover-
norate and studied the in vitro and in vivo antibacterial and anti-biofilm ac-
tivities of Eucalyptus extract on P. aeruginosa. P. aeruginosa were isolated 
from 100 diseased broiler chickens farms in Dakahlia Governorate with a 
percentage of (12%) and it showed higher resistance to amoxicillin/
clavulanic (91.7%), ampicillin/sulbactam (83.3%), doxycycline and erythro-
mycin (75% for each). Eight P. aeruginosa isolates were strong biofilm pro-
ducers (8/12, 66.7%) and 4 isolates (4/12, 33.3%) were moderate. The in 
vitro antibacterial and anti-biofilm activities of Eucalyptus extract on the 
isolated P. aeruginosa showed the higher activities of 50, 75 and 100 mg/ 
1ml concentrations than 40 mg/ 1ml. The in vivo studies in experiment (1) 
showed (100%) hatchability with no embryonic mortalities in the inoculated 
groups with the Eucalyptus extract. In experiment (2), the study showed that 
inoculating group 5 with a 100 mg/ml concentration of Eucalyptus extract in
-ovo had beneficial effects. It prevented deaths, lessened clinical symptoms, 
enhanced growth performance, and reduced P. aeruginosa colonization in 
internal organs compared to group 3 (inoculated with 50 mg/ml) and group 4 
(inoculated with 75 mg/ml). 

The expression of pslA gene (responsible for biofilm formation) was ex-
amined using RT- PCR and the results showed significant down regulation 
(decrease in the expression or activity of a gene) in the examined liver of 
chicks in group (5) in comparison with other groups. The obtained results 
suggested that application of Eucalyptus extract in-ovo inoculation is an al-
ternative natural approach to control P. aeruginosa characterized by multi-
drug resistance and biofilm formation in broiler farms. 
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INTRODUCTION 

Pseudomonas aeruginosa (P. aeruginosa) 
is an opportunistic pathogen infecting human 
being and animals (Badr et al. 2016& Far-
ghaly et al. 2017& Yong et al. 2020). It is a 
Gram negative, non-capsulated, non-spore 
forming (Shukla and Mishra, 2015), motile 
rod shaped bacterium and usually produces 
water soluble green pigment with a fruity smell 
(fluorescent and pyocyanin) (Kebede, 2010). 

 
P. aeruginosa is of zoonotic importance 

which threatens the poultry industry resulting 
in economic losses (El-demerdash, et al. 2020 
& Abd El-Ghany, 2021 & Marouf et al. 
2023) due to the higher morbidity and mortali-
ty rates in chickens (El-demerdash, et al. 
2020) in addition to the rapid spreading of in-
fection between poultry flocks causing mortali-
ties in all ages (Shukla and Mishra, 2015) 
and the difficulties in treatment of antibiotic 
resistant strains (Abd El-Ghany, 2021). P. ae-
ruginosa is highly virulent in the young chicks 
(1 - 10 days) and less pathogenic at 11 - 20 
days old but the older chickens (>20 days) 
have been found to resist the infection 
(Kebede, 2010).  

 
The pathogenicity of P. aeruginosa may 

resulted from the existence of virulence regula-
tors and antimicrobial resistance genes 
(Farghaly et al. 2017) and has the ability to 
infect the host via wound and/or respiratory 
route (Kebede, 2010) and incase of lower im-
munity (Samanta et al. 2012). Poultry litters 
can also play a role in spreading the antimicro-
bial resistant P. aeruginosa in the environ-
ments (Farghaly et al. 2017).  

 
P. aeruginosa considered as an important 

bacterial disease infecting poultry particularly 
eggs and newly hatched chicks (Yong et al. 
2020). Infected chicks showed symptoms of 
enteric and respiratory infections, septicemia 
and higher mortalities but the infected embryos 
showed death in the egg shell (Kebede, 2010 
& Abd El-Ghany, 2021). Shukla and Mish-
ra, (2015) explained the symptoms of P. aeru-
ginosa infection in chicks at 4 days old in form 
of drooping wings, ruffled feather and diar-
rhea. The in vivo experimental infections con-
ducted by Marouf et al. (2023) with multidrug 

resistant P. aeruginosa revealed severe patho-
genicity in oral and subcutaneous challenged 
birds with 40% and 100% mortalities respec-
tively. 

 

 Biofilms are communities of bacteria that 
attach to a surface and embed into an extracel-
lular matrix that supports the stability, defense 
and nutrition of the bacteria (Wilson et al. 
2017). One of the most common bacteria pro-
ducing biofilm is P. aeruginosa (Vallet et al. 
2001 & Zhang et al. 2013) which persists in 
some tissues and forms biofilm structure via a 
series of cellular interactions and adhesion to 
surfaces (Vallet et al. 2001). The extracellular 
matrix of biofilm is composed of exopolysac-
charides, nucleic acids, proteins and lipid vesi-
cles. The main components of this matrix are 
three exopolysaccharides (pel, psl and alginate) 
which protect the bacterial cell from the ac-
tions of the antimicrobial agents and immune 
responses (AL-Sheikhly et al. 2020). In P. ae-
ruginosa infections, biofilms considered as one 
of the bacterial virulence factors which give 
protection against antibiotics and host immuni-
ty (Al-Wrafy et al. 2017 & AL-Sheikhly et 
al. 2020). Overhage et al. (2005) identified psl 
gene cluster (15 cotranscribed genes) which 
involved in the biosynthesis of the exopolysac-
charide and formation of biofilm in P. aeru-
ginosa isolates. 

 

Eucalyptus has become one of the most 
planted species in the world. Eucalyptus 
camaldulensis (The River Red Gum) is a plan-
tation species in many parts of the world. It has 
significant antimicrobial properties against 
many Gram negative and positive bacteria 
(Sabo and Knezevic, 2019). In Egypt, the Eu-
calyptus camaldulensis is a well-known plant 
tree (Elhariri et al. 2016) and considered as a 
medicinal herb with antimicrobial and antioxi-
dant properties which improves growth perfor-
mance and health of broiler chickens 
(Mashayekhi et al. 2018). Some researchers 
such as Kamel et al. (2011) & Bachheti et al. 
(2011) and Pereira et al.(2014) explained the 
antibacterial properties of Eucalyptus against 
P. aeruginosa pathogen. The Eucalyptus leaves 
extract considered as a potential alternative 
approach with significant ability in preventing 
biofilm formation in P. aeruginosa (Kaur et 
al. 2018). 
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MATERIALS and METHODS 

Samples collection and bacteriological iden-
tifications 

One hundred diseased broiler chickens 
(aged 25- 37 days) from 10 farms (10 birds/ 
farm) in Dakahlia Governorate, Egypt were 
collected in this study. The examined birds 
were subjected to clinical and postmortem 
(PM) examinations whereas the observed clini-
cal signs and lesions were recorded. The dis-
eased birds were suffered from ruffled feather, 
respiratory distress, diarrhea in some cases and 
mortality (30%). The PM lesions showed septi-
cemia, congested internal organs, perihepatitis, 
pericarditis, pneumonia and enteritis.  
 

Samples from internal organs such as liver, 
heart, lungs, spleen and intestine were collect-
ed from each bird aseptically conditions to 
avoid cross contamination then labeled and 
transported to the Reference laboratory for vet-
erinary quality control on poultry production 
(RLQP) to complete further examinations. 

 
The collected internal organs from each 

bird individually were pooled as one sample. 
The collected samples were inoculated in buff-
ered peptone water (BPW) then incubated at 
37°C for 24 hours in aerobic conditions. The 
inoculated broth was streaked onto Pseudomo-
nas selective agar (HiMedia) supplemented 
with glycerol agar, Trypticase soya agar and 
MacConkey agar and incubated at 37°C for 24-
48 hours. Lactose fermentation and pigment 
production were checked in the agar plates. 
The suspected colonies were subjected to 
Gram staining and biochemical identifications 
(Quinn et al. 2002) 

 

 

Antimicrobial sensitivity pattern  
 The antimicrobial sensitivity of isolated P. 

aeruginosa strains were examined using disc 
diffusion methods against 9 antimicrobial 
agents (Oxoid) belonged to 7 classes that com-
monly used in broiler farms; Aminoglycosides: 
streptomycin (10 µg, S), Macrolides: erythro-
mycin (15 µg, E), Tetracyclines: doxycycline 
(30 µg, DO) and oxytetracycline (30 µg, OT), 
Amphotericols: florfenicol (30 µg, FF), Poly-
peptides: colistin sulphate (10 µg, CT), B-
Lactam : amoxicillin/clavulanic acid (20/10 

µg, AMC), ampicillin/sulbactam (SAM; 20 µg) 
and quinolones: norfloxacin (10 µg, NOR). 
The diameters of the obtained inhibition zone 
diameters were measured and categorized into 
sensitive or resistant according to Clinical and 
Laboratory Standards Institute (CLSI, 2020). 
P. aeruginosa isolates that exhibited resistance 
to one antimicrobial agent in three or more 
classes were considered as multidrug resistant 
(MDR). Multidrug resistance index (MARI) 
was recorded (Number of antimicrobial agent 
showed resistance / Total number of the tested 
antimicrobial agents). 
 

Detection of biofilm formation  
According to Christensen et al. (1982), 

qualitative technique (tube method) was used 
for the detection of biofilm formation in P. ae-
ruginosa isolates (n= 12). Loops of P. aeru-
ginosa culture were inoculated in sterile tubes 
containing 10 mL of trypticase soy broth. The 
inoculated tubes were incubated for 24 hours at 
37 °C. The inoculated broth was decanted and 
the tubes were washed in buffered saline (pH 
7.3) and dried. The dried tubes were stained 
with crystal violet (0.1%) then deionized water 
was used to remove any remaining stain. The 
tubes were dried at upside down position. Tube 
system scoring was performed based on the 
performance of P. aeruginosa control strains 
(supplied from Tawakol et al. 2018) the pres-
ence of transparent film on the tubes wall and 
bottom indicated the biofilm formation. It was 
rated 1, weak/none; 2, moderate, or 3, high/ 
strong (experiments were conducted in tripli-
cate). 
 
Antibacterial activity of Eucalyptus extract 
against P. aeruginosa  

Eucalyptus plant extraction: Fresh leaves of 
Eucalyptus camaldulensis plant was collected 
from Dakahlia Governorate in September 
2023.  According to Ammer et al. (2016), the 
leaves were washed under tap water and dried 
for 2 days at room temperature. The dried 
leaves were crushed into powder and 50 gram 
was added in flask and mixed with 200 ml 
methanol then heated for 1 hour on boiling wa-
ter bath. The mixture was kept for 5 days at 
room temperature. The extract was centrifuged 
for 10 minutes at 5000 rpm and the clear were 
allowed to evaporate the solvent in hot water 
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bath to obtain dried methanol free extract. The 
extract was diluted in phosphate buffered sa-
line (PBS) containing 2% v/v tween 80 ( as a 
suspending agent ) for yielding different con-
centrations of 40, 50, 75 and 100 mg / 1ml PBS 
(the lowest concentration 40 mg/ ml and high-
est concentration 100 mg / ml werer selected 
zccording to the study performed by kamel et 
al. (2011) on the antibacterial activities of 
these Eucalyptus exact concentration on p. ae-
ruginosa isolated from poultry.  
 
Antibacterial assay: The antibacterial activity 
of Eucalyptus extract was evaluated using agar 
disc diffusion methods against 18 P. aerugino-
sa isolates recorded in this study. Four concen-
trations of the prepared extract were used: 40, 
50, 75 and 100 mg/ 1ml. According to Ammer 
et al. (2016), a loop-full of the tested bacterial 
culture was inoculated into nutrient broth and 
incubated for 24 hours at 37 oC. The turbidity 
of the bacterial suspension was adjusted at a 
range of 1x108 bacterial cells/ml using McFar-
land standard and 100 µl of the prepared sus-
pension was spread onto Mueller Hinton agar 
plates. Filter paper discs (diameter: 6 mm) 
were soaked with 15 ml of each extract con-
centration and evenly distributed in the Mueller 
Hinton agar plates. The agar plates were incu-
bated aerobically for 16-18 hours at 37 oC. Af-
ter incubation the agar plates were examined 
for the presence of inhibition zones (mm). The 
experiments were performed in triplicates. 
 
In vitro anti-biofilm activity of Eucalyptus 
extract  

As previously mentioned for the detection 
of biofilm by tube method. The presence of 
transparent film on the tubes wall and bottom 
were examined and scored as previously men-
tioned by Christensen et al. (1982): 1, weak/
none; 2, moderate, or 3, high/ strong 
(experiments were conducted in triplicate). 
 
In ovo-inoculations of Eucalyptus extract in 
SPF embryonated chicken eggs 

The role of Eucalyptus extract in control-
ling of P. aeruginosa post hatching was stud-
ied. Experiment (1) design: 75 Specific path-
ogen-free (SPF) embryonated chicken eggs 
were obtained from a breeder (Ross broiler 
breeder flock, age 38 weeks) which was free 

from P. aeruginosa and not vaccinated. The 
eggs were weighed and divided into 5 groups 
(15 eggs/ group) and the eggs with similar av-
erage egg of weights were placed in the same 
group. All eggs were incubated under standard 
conditions (37.5 °C and 54% relative humidity) 
(De Oliveira et al. 2014 & Nabil et al. 2023). 
The eggs were candled and the viability of em-
bryos was checked all over the incubation peri-
od. Three effective Eucalyptus extract concen-
trations (50, 75 and 100 mg/ 1ml) which pro-
duced antibacterial activities against P. aeru-
ginosa were used in the inoculation process. At 
the 17th day of incubation, the eggs were disin-
fected outside the incubator with alcohol (70%) 
and the inoculation process was conducted as 
follows: control group non inoculated (1) and 
(2) inoculated in the yolk sac with phosphate 
buffered saline (PBS), group (3) was inoculat-
ed in the yolk sac with a Eucalyptus extract (50 
mg/ 1ml for each kg of eggs), group (4) inocu-
lated in the yolk sac with a Eucalyptus extract 
75 mg/ 1ml for each kg of eggs) and group (5) 
was inoculated in the yolk sac with a Eucalyp-
tus extract (100 mg/ 1ml for each kg of eggs). 
Each egg in groups 3, 4 and 5 was inoculated 
with 70µl of the extract using pipette attached 
to a needle (23- ga). After the inoculation pro-
cess the eggs were sealed with paraffin and re-
turned to the incubator again. The eggs were 
examined to determine the hatchability at 21th 
days (number of hatched chicks/ number of the 
inoculated eggs per group) and embryonic 
mortalities.  
 

Experiment (2): After hatching at 21th 
days the effects of the Eucalyptus extract inoc-
ulation in embryonated chicken eggs were 
studied in the hatched chicks which challenged 
with P. aeruginosa (selected from the current 
study). Fifty hatched chicks were selected from 
the previous groups (10 chicks from each 
group) (groups kept their previous numbers as 
previously mentioned). The experiments were 
performed in animal facility (BSL2 +). The 
chicks in all groups were supplied with starter 
ration (protein 23%) and drinking water ad-
libitum. Groups (2), (3), (4) and (5) challenged 
by subcutaneous route at the 3rd day of age 
with 0.1ml the bacterial suspension containing 
10⁷ CFU/ml  multidrug resistant P. aeruginosa 
in brain heart infusion broth (Bakheet and 
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Torra, 2020). Group (1) control negative and 
group (2) control positive (challenged with P. 
aeruginosa). The experimental chicks were fed 
with broiler starter and supplied with water ad-
libitum. Clinical signs and mortalities were 
recorded daily and any dead chicks were sub-
jected to post-mortem (PM) examination. At 
the end of the experiment (10th day of age, 7th 
day post P. aeruginosa challenge) (7th dpc) 
growth performance parameters; body weight 
(BW) feed conversion ratio (FCR), feed intake 
(FI), and body weight gain (BWG) were deter-
mined. Chicks were killed by cervical disloca-
tion at the end of the experimental period. 
Samples from liver, lung, heart and spleen 
were collected aseptically from each chick and 
subjected to P. aeruginosa isolation and count-
ing (CFU/ gm) as follow; the tissue sample 
was weighed and homogenized in sterile NaCl 
solution (0.9%). One ml from the prepared ho-
mogenate was transferred into a tube contain-
ing 9 ml of sterile BPW and tenfold serial dilu-
tion was performed.  A total of 0.1 ml from 
each dilution was plated into Pseudomonas se-
lective agar and incubated for 48 hours at 37°
C. The obtained greenish yellow colonies were 
counted (ISO, 2004).  
 

Gene expression assay was used on the col-
lected liver from the experimental chicks to 
evaluate the activity of the Eucalyptus extract. 
The samples were subjected to RNA extraction 
from liver tissues using QIAampRNeasy Mini 
kit (Qiagen, Germany, GmbH): 30 mg of the 
sample was added to a volume of 600 µl RLT 
buffer containing 10 μl β-mercaptoethanol per 
1 ml. The samples homogenization was per-
formed by placing the tubes into adaptor sets 
that were fixed into the clamps of the Qiagen-
tissueLyser. The disruption was conducted in 2 
minutes high-speed (30 Hz) shaking step. One 
volume of ethanol (70%) was added to the 
cleared lysate then the steps were completed 
according to the Purification of Total RNA 
from Animal Tissues protocol of the QI-
AampRNeasy Mini kit (Qiagen, Germany, 
GmbH). On column DNase digestion was done 
to remove residual DNA. The used oligonucle-
otide Primers used were obtained from Meta-
bion (Germany) ( table 1). 

 
SYBR green rt-PCR: the primers were used 
in a 25- µl reaction which contain 12.5 µl of 2x 
QuantiTect SYBR Green PCR Master Mix 
(Qiagen, Germany, GmbH), 0.25 µl RevertAid 
Reverse Transcriptase (200 U/µL) (Thermo 
Fisher), 0.5 µl from each primer of 20 pmol 
concentration, 8.25 µl water, and 3 µl RNA 
template. The reaction was conducted in a 
Stratagene MX3005P real time PCR instru-
ment. 
 

The results of SYBR green rt-PCR results 
were analyzed as follow: the CT values and the 
amplification curves were detected using strat-
agene MX3005P software. To detect the varia-
tion of the gene expression on RNA of the dif-
ferent examined samples, the CT value of each 
sample was compared with that of the positive 
control group according to the "ΔΔCt” method 
recorded by Yuan et al. 2006 using the follow-
ing ratio: (2-DDct). 
 ΔΔCt = ΔCt reference – Δcttarget& ΔCt target 
= Ct control – Ct treatment and ΔCt reference 
= Ct control- Ct treatment 
 
Statistical analysis 

Statistical analysis was conducted using 
SPSS version 29. One-Way ANOVA test was 
used to detect the significant differences be-
tween the experimental groups (P ˂ 0.05). 
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Table 1. SYBR green rt-PCR (primers sequences, target genes and cycling conditions)  

Target 
gene 

Primers sequences Re-
verse 
tran-

script-
ion 

Primary 

dena-
turation 

Amplification (40 cycles) Dissociation curve 

(1 cycle) 

Refer-
ence 

Second-
ary 

dena-
turation 

An-
nealin

g 

(Optic
s on) 

Ex-
tensio

n 

 Sec-
ondary  
dena-

turation 

An-
nealin

g 

  

Fi-
nal 

de-
natu

-
rea-
tion 

Pseudo-
monas 

 16S 
rRNA 

GACGGGTGAG-
TAATGCCTA 

  

50˚C 

30 
min. 

94˚C 

15 min. 

 

 

94˚C 

15 sec. 

 

50˚C 

30 
sec. 

 

72˚C 

30 
sec. 

 

 

94˚C 

1 min. 

 

 

50˚C 

1 min. 

 

94˚
C 

1 
min. 

 

Spilk-
er et 
al., 

2004 

CAC-
TGGTGTTCCTTCC

TATA 

pslA 
TCCCTACCTCAGC

AGCAAGC 

  

60˚C 

30 
sec. 

  

60˚C 

1 min. 

  

Ghada
ksaz et 

al., 
2015 

TGTTGTAGCCGTA
GCGTTTCTG 

RESULTS  

P. aeruginosa isolation and identification  

Bacteriologically, the characteristic P. aeru-
ginosa colonies in this study showed irregular, 
large, translucent, fruity smell and greenish 
diffusible pigment on the agar plates. Gram 
staining revealed a Gram negative rod shaped 
bacteria. Indole, MR and VP tests were nega-
tive however gelatin hydrolysis and citrate uti-
lization produced positive results. 
 
From the bacteriological examinations, 12 P. 
aeruginosa isolates were recovered from 12% 
of tested 100 diseased broiler chickens collect-
ed from farms in Dakahlia Governorate.  
 

 
Antimicrobial sensitivity pattern  

The results in table, (2) showed high re-
sistance to amoxicillin/clavulanic (91.7%) fol-
lowed by ampicillin/sulbactam (83.3%), 
doxycycline and erythromycin (75% for each). 
Lower resistances were recorded to oxytetra-
cycline and florfenicol (58.3% for each). 
 
  The investigation of the antimicrobial re-
sistant P. aeruginosa isolates showed that 11 
out of 12 isolates (91.7%) showed multidrug 
resistant to at least one agent in three or more 
antimicrobial classes. Twelve antimicrobial 
agent pattern profiles were recorded in the ex-
amined isolates with a multidrug resistant in-
dex which ranged from 0.22 to 1 ( table 3). 
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Table 2. Antimicrobial sensitivity pattern of P. aeruginosa (12 isolates) 

  NOR DO OT AMC SAM S E FFC CT 

Resistant 

8 (66.7%) 9 (75%) 7 (58.3%) 11 (91.7%) 10 (83.3%) 8 (66.7%) 9 (75%) 7 (58.3%) 8 (66.7%) 
Susceptible 

  4 (33.3%) 3 (25%) 5 (41.7%) 1 (8.3%) 2 (16.7%) 4 (33.3%) 3 (25%) 5 (41.7%) 4 (33.3%) 

Norfloxacin: NOR, doxycycline: DO, oxytetracycline: OT, amoxicillin/clavulanic acid: AMC, ampicillin/
sulbactam: SAM, Streptomycin: S, eyrthromtcin; E, florfenicol: FFC and colistin sulphate: CT. 

Table 3. P. aeruginosa antimicrobial resistant pattern profiles . 

Antimicrobial agent 
pattern profiles 

Antimicrobial agent NO. of isolates No. of re-
sistance mark-

ers 

MDRI 

1 DO-AMC-SAM-S-E 1 5 0.56 
2 NOR-DO- OT-AMC-SAM-E-FF-CT 1 8 0.89 
3 NOR-DO- OT-AMC-SAM-FF-CT 1 7 0.78 
4 NOR-DO-AMC-S-E-FF-CT 1 7 0.78 
5 NOR-DO-AMXC-S-E-FF 1 6 0.67 
6 NOR-DO-AMC-SAM-S-E-FF 1 7 0.78 
7 OT-AMC-SAM-S-E-CT 1 6 0.67 
8 SAM-S 1 2 0.22 
9 NOR-DO- OT-AMC-SAM-S-E-FF-CT 1 9 1 

10 OT-AMC-SAM-E-CT 1 5 0.56 
11 NOR-DO-OT-AMC-SAM-S-E-CT 1 8 0.89 
12 NOR-DO-OT-AMC-SAM-FF-CT 1 7 0.78 

Biofilm formation  

The obtained results showed that all iso-
lates formed biofilm: 8 isolates (8/12, 66.7%) 
were strong producers, 4 isolates (4/12, 33.3%) 
were moderate. 
 
Antibacterial activity of Eucalyptus extract 
against P. aeruginosa  

The concentrations of 40 mg/ 1ml had anti-
bacterial activity against 4 out of 12 examined 
isolates. However, the concentrations 50, 75 
and 100 mg/ 1ml showed antibacterial activity 
against all P. aeruginosa isolates. The mean 
diameter of the inhibition zones  were 
3±4.5mm, 8.8±0.72 mm, 12.4±0.8 mm and 
14.2 ± 0.72mm for the concentrations 40, 50, 
75 and 100 mg/ 1ml respectively . 
 
In vitro anti-biofilm activity of Eucalyptus 
extract  

The concentration of 40 mg/ 1ml, had the 
ability to inhibit the biofilm formation in 4 P. 
aeruginosa isolates while  concentrations 50, 
75 and 100 mg/ 1ml showed anti-biofilm activ-

ity in all isolates.  
 
In ovo-inoculations of Eucalyptus extract in 
SPF embryonated chicken eggs 
Effects of Eucalyptus extract in-ovo inocula-
tion on the embryonic mortalities and egg 
hatchability:  

On the first day of hatching, the hatchabil-
ity was calculated and the results showed that 
the hatchability was (93.3%), (100%), (100%), 
(100%) and (100%) in groups (1), (2), (3), (4) 
and (5) respectively. The embryonic mortali-
ties were recorded in group 1 (non- inoculated 
groups). The examination of dead embryo re-
vealed the presence of sticky embryo to the 
eggs shell. The other groups showed no embry-
onic mortalities.  

 
Evaluation of Eucalyptus extract in-ovo in-
oculation on post hatch P. aeruginosa infec-
tion in experimental chicks. 

The health of the experimental chicks was 
monitored daily until the end of the 10-day ex-
periment, which included a challenge with 



160 

Heba et al.,                                                                  Egyptian Journal of Animal Health 4, 3 (2024), 153-168 

Pseudomonas aeruginosa on the 7th day. The 
negative control group showed no clinical 
signs. Chicks in (positive control) displayed 
signs of depression, ruffled feathers, respirato-
ry distress, and diarrhea starting from the 2nd 
day post-challenge (dpc). Groups 3 and 4 ex-
hibited mild clinical signs such as depression, 
ruffled feathers, and respiratory distress start-
ing from the 3rd dpc and lasting throughout the 
experiment. In Group 5, slight signs of depres-
sion and respiratory distress appeared at 3 dpc, 
gradually disappearing thereafter. By the 6th 
and 7th dpc, chicks in Group 5 regained their 

vitality. No deaths were recorded in Groups 1, 
3, 4, and 5. However, in Group 2, 50% mortali-
ty occurred within 4 dpc. Postmortem exami-
nations revealed pneumonia, septicemia, unab-
sorbed yolk sac, and congested internal organs 
in Group 2 (positive control). Groups 3 and 4 
also showed pneumonia and congested internal 
organs during postmortem examinations. 
Group 5 exhibited slight congestion in the 
lungs and liver of some chicks. No postmortem 
lesions were observed in Group 1. figure 1 . 
 

Figure (1) Clinical signs and PM lesions of the experimental chicks  , Figure 1a & 1b show images of chicks 
displaying clinical signs such as depression, ruffled feathers, and respiratory distress. Figure c,  
septicemia  Figure d , unabsorbed yolk sac, Figure e and f  exhibited slight congestion in the lungs 

and liver of some chicks . 

Growth performance parameters such as body 
weight (BW), body weight gain (BWG), feed 
intake (FI) and feed conversion ratio (FCR) 
were calculated at the end of experiment at (7th 
dpc) (table, 4).  Significant improvement of 
the growth performance parameters were rec-
orded in group (5) when compared with other 

groups. No significant difference was recorded 
between groups (1) and (4). The parameters 
were significant higher in group (4) and (5) 
than group (3). Lower performance parameters 
were recorded in the positive control (group, 

2) when compared with other groups. 
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Table (4) mean values of body weight (BW), body weight gain (BWG), feed intake (FI), feed conversion ratio 
(FCR) of the experimental chicks  

       Parameters 
Groups 
No. 

Body weight 
(BW) 

(g) 

body weight gain (BWG) 
(g) 

feed intake (FI) 
(g) 

feed conversion 
ratio (FCR) 

Group 1 291.5±0.67b 250.8±0.74b 286.1±0.77ab 1.14±0.005c 

Group 2 175.1±6.1d 134.5±6.13d 181.8±8.9a 1.36±0.045a 

Group 3 271±0.3c 230.4±0.31c 294.9±1.03a 1.28±0.005b 

Group 4 285.7±0.33b 244.9±0.41b 288.4±0.4ab 1.18±0.002c 

Group 5 306.5±0.37a 265.2±0.68a 281.6±0.4b 1.06±0.002d 

* Mean values mean ± SEM (mean± standard error). The Mean values expressed by different letters (a, b, c 
and d) showed the significant differences between the experimental groups at P< 0.05. 

After the PM examination, the isolation of 
P. aeruginosa from the collected internal or-
gans (liver, lung, heart and spleen, and intes-
tine) showed on microbiological examination a 
Gram staining rod shaped bacteria with irregu-
lar, large, translucent colonies in addition to 
fruity smell and greenish diffusible pigment on 
the agar plates. Indole, MR and VP tests were 
negative however gelatin hydrolysis and citrate 
utilization produced positive results. No P. ae-
ruginosa was detected in negative control 
group (1). The mean CFU of P. aeruginosa 
(log10 CFU/g) was detected in the liver, lung, 

spleen and heart samples and the results 
showed that P. aeruginosa was localized in the 
examined internal organs in group (2) (positive 
control) with 6.95, 6.6, 5.9 and 5.3 log10 CFU/
g respectively. Lower colonization of P. aeru-
ginosa was detected in group (4) than group 
(3). In group (5) the recorded colonization in 
the examined internal organs was lower than 
group (3) and (4). Group (5) showed coloniza-
tion in liver, lung, spleen and heart samples 
with 1.3, 1.2, 1 and 1 log10 CFU/g respectively 
(table, 5). 

Table 5. Mean of colonization (log10 CFU/g) P. aeruginosa in the internal organs of experimental chicks 

Groups Group 1 Group 2 Group 3 Group 4 Group 5 

Liver 0 6.95 3.9 2.85 1.3 

Lung 0 6.6 3.6 2.3 1.2 

Spleen 0 5.9 2.78 1.9 1 

Heart 0 5.3 2.95 1.48 1 

The effects of Eucalyptus extract in-ovo 
inoculation on pslA gene expression which 
responsible for biofilm formation in the post 
hatch P. aeruginosa infection was examined 
by quantitative RT-PCR (figure, 2). The mean 
values of the fold change expression were 
compared to Group (2) whereas the transcrip-
tion of pslA gene was significantly down regu-

lated in the in-ovo inoculated groups (3), (4) 
and (5). However the gene transcription was 
significantly down regulated in group (5) when 
compared with group (3) and (4) (p<0.05) 
(table, 6). 
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Table 6. Mean fold change of pslA gene expression  

Group no. Group 2 Group 3 Group 4 Group 5 

Mean fold change 1±0.0a 0.76±0.01b 0.64±0.02c 0.12±0.003d 

* Mean values expressed by mean± standard error. The Mean values expressed by different letters (a, b, c and 
d) showed the significant differences between the experimental groups at P< 0.05. 

 Figure 2. amplification plots of pslA gene expression using quantitative RT-PCR technique 

DISCUSSION  
     P. aeruginosa is an opportunistic pathogen 
that causes serious problems in the chicken 
farms. It is one of the most important bacterial 
pathogens producing opportunistic infections 
in human. Poultry has been considered as a res-
ervoir for antibiotic resistant bacteria, which 
may exacerbate the problem of pseudomonas 
infection (Badr et al. 2020). In the current 
study, P. aeruginosa was isolated from 100 
diseased chickens collected from broiler farms 
in Dakahlia Governorate. The obtained results 
were nearly similar to Radwan et al. (2018) 
who isolated P. aeruginosa with a percentage 
of 10.4% from broiler chickens. Another re-
search studies conducted by Badr et al. (2016) 
and Farghaly et al. (2017) identified lower P. 
aeruginosa incidence from chickens than rec-
orded in the current study with percentages of 
6.5% and 8.75% respectively. However higher 
incidences were reported by Hassan et al. 
(2020), El-demerdash et al. (2020), Badr et 

al. (2020) and Marouf et al. (2023) with per-
centages of 18%, 20%, 39.78% and 48.1% re-
spectively. 
 

The antimicrobial sensitivity of the isolated 
P. aeruginosa in this study showed higher re-
sistances to amoxicillin/clavulanic, ampicillin/
sulbactam, doxycycline and erythromycin with 
percentages (91.7%), (83.3%), (75%) and 
(75%) respectively. Meanwhile, low resistance 
was recorded with percentage of (58.3%) for 
oxytetracycline and florfenicol. The isolated P. 
aeruginosa exhibited multidrug resistance in 
11 out of 12 isolates (91.7%) in addition to 12 
antimicrobial agent pattern profiles. Our find-
ings nearly agreed with El-demerdash et al. 
(2020) who reported resistance of P. aerugino-
sa to amoxicillin/clavulanic acid and ampicil-
lin. Another study conducted by Radwan et al. 
(2018) recorded resistance to amoxicillin, am-
picillin, amoxicillin–clavulanic acid, doxycy-
cline and florfenicol with percentages of 
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(80%), (100%), (100%), (96%), (84%) and 
(80%) respectively. In contrast to our study, 
Ramatla et al. (2024) recorded resistance of P. 
aeruginosa isolated from broiler chicken to 
ampicillin (26%) and amoxicillin-clavulanic 
acid (4%) with (26%) and (4%) respectively 
and Abd El- Tawab et al. (2014) who reported 
complete resistance (100%) to streptomycin, 
florphenicol, and doxycycline. Salem et al.
(2024) found complete resistance of P. aeru-
ginosa to streptomycin, amoxicillin, doxycy-
cline and erythromycin.  

 
The biofilm formation in the isolated P. 

aeruginosa was studied using tube method and 
all isolates exhibited ability to produce biofilm. 
The obtained results recorded that 8 isolates 
(8/12, 66.7%) were strong producers for bio-
film and the remaining 4 isolates (4/12, 33.3%) 
were moderate producers. These findings were 
in similarity with the previous study performed 
by Tawakol et al. (2018). However Abdelra-
heem et al. (2020) recorded strong biofilm, 
moderate and weak biofilm formation in P. 
aeruginosa isolates with percentages of (14%), 
(7%) and (6%) respectively. 

 
Concerning the obtained results of the in 

vitro antibacterial and anti-biofilm activities of 
different Eucalyptus extract (40, 50, 75 and 
100 mg/ 1ml) on 12 P. aeruginosa isolated in 
this study, it was found that the concentration 
of 40 mg/ 1ml had antibacterial and anti-
biofilm activity against 4 out of 12 examined 
isolates. However, the concentrations 50, 75 
and 100 mg/ 1ml showed antibacterial and anti
-biofilm activities against all of the P. aeru-
ginosa isolates. The mean values of the inhibi-
tion zones diameters (mean with standard devi-
ation) were 3±4.5 mm, 8.8±0.72 mm, 12.4±0.8 
mm and 14.2±0.72 mm for the concentrations 
40, 50, 75 and 100 mg/ 1ml respectively. These 
findings were supported by Kaur et al. (2018) 
and Al-taai et al. (2022) who recorded that 
Eucalyptus extract prevented biofilm formation 
in P. aeruginosa pathogen. Our results were 
nearly coordinated with Kamel et al. (2011) 
who recorded higher antibacterial effects of 
Eucalyptus globules at a concentration of 100 
mg/ 1ml against P. aeruginosa isolated from 
poultry. The results in this study was supported 
by Sabo and Knezevic, (2019) who mentioned 

that Eucalyptus camaldulensis extract and es-
sential oils showed activity against Gram nega-
tive and Gram positive bacteria. The Eucalyp-
tus camaldulensis extracts and essential oil had 
the most antibacterial activity in comparison 
with other species of the genus Eucalyptus. 
Bachheti et al. (2011) reported significant an-
tibacterial effects of essential oil extracted 
from different Eucalyptus species against 
Pseudomonas, Streptococcus, Staphylococcus 
aureus, E.coli and Lactobacillus isolates. An-
other study conducted by Mota et al. (2015) 
mentioned that Eucalyptus globulus oil exhibit-
ed antimicrobial activity against different path-
ogens.  

 
With regard to the in ovo-inoculations of 

Eucalyptus extract in SPF embryonated chick-
en eggs (experiment 1), the effects of the ex-
tract on the embryonic mortalities and egg 
hatchability recorded that the inoculated 
groups (3), (4) and (5) showed (100%) hatcha-
bility and no embryonic mortalities. These 
findings reflected the safety of Eucalyptus ex-
tract on the embryonated chicken eggs with 
any negative effects on hatchability. Fathi et 
al. (2020) reported that the supplementing of 
quail diet with 0.1 Eucalyptus leaves powder 
as a feed additive enhanced the eggshell quali-
ty, immunocompetence and help in the reduc-
tion of broken Japanese quails eggs. 

 
The evaluation of Eucalyptus extract in-

ovo inoculation on post hatch P. aeruginosa 
infection in experimental chicks (experiment 2) 
showed no clinical signs in group 1 (negative 
control). Depression, ruffled feather, respirato-
ry distress, diarrhea, (50%) mortalities, pneu-
monia, septicemia and congested internal or-
gans were recorded in group (2, positive con-
trol). Some research studies identified clinical 
signs, gross lesion and mortalities resulted 
from experimental infection of chicks with P. 
aeruginosa such Badr et al. (2016) who indi-
cated that the subcutaneous injection of P. ae-
ruginosa in 3 days old chicks produced (100%) 
mortalities within 24-72 hours after injection 
and Shukla and Mishra, (2015) who reported 
100% mortalities after intramuscularly and 
30% after swapping of the palatine cleft with 
P. aeruginosa. The PM lesions showed con-
gested liver, distended gall bladder, congested 
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internal organs (heart, lungs and kidneys) and 
enlarged yolk sac. Bakheet and Torra, (2020) 
recorded 70% mortalities after P. aeruginosa 
subcutaneous infection within 3 dpc and the 
unabsorbed yolk sac, congested heart and lung 
and pale liver with petechial foci. 
 
It was observed from this study that the Euca-
lyptus extract prevented mortalities and helps 
the reduction of clinical signs. In the inoculat-
ed groups (3) (received 50 mg/ml) and group 
(4) which received 75 mg/ml, mild clinical 
signs (depression, ruffled feather and respirato-
ry distress with pneumonia and congested in-
ternal organs) were recorded. However in 
group (5) which received the higher concentra-
tion (100mg/ml) showed slight congestion in 
lung and liver of some chicks and slight clini-
cal signs (depression and respiratory distress) 
which disappeared gradually and the chicks 
regain their viability at the 6dpc and 7dpc. The 
obtained findings may be attributed to the find-
ings of Mashayekhi et al. (2018) who stated 
the positive effects of the extract as antimicro-
bial and antioxidant in addition to improving 
the bird’s immunity, Kamel et al. (2011) who 
reported the antibacterial effect of Eucalyptus 
against P. aeruginosa and Mustafa, (2019) 
who found that the dietary supplementation 
with Eucalyptus powder decreased the mortali-
ties in broiler chicken. 
 
From table (4), the growth performance pa-
rameters that recorded at the end of experiment 
at (7th dpc) showed significant improvement in 
group (5) when compared with other groups. 
No significant difference was recorded be-
tween group 1 (negative control) and 4. The 
parameters were significant higher in group (4) 
and (5) than group (3). Lower performance pa-
rameters were recorded in the positive control 
(group, 2) when compared with other groups. 
The group (5) which received the higher Euca-
lyptus extract concentration (100 mg/ 1ml) 
showed higher improvement than group (4) 
which received 75 mg/ 1ml and group (3) 
which received 50 mg/ 1ml and these findings 
may be attributed to the using of higher con-
centration increase the absorbance of feed nu-
trients in the gastrointestinal tract. These find-
ings were supported by Mustafa, (2019) who 
found that the supplementation of broiler with 

Eucalyptus improved relative length of the 
small intestine and duodenum (increasing num-
ber of goblet cells, crypt depth, villus height, 
improved lipase, amylase, chymotrypsin and 
trypsin, count of Lactobacillus). A researchers 
study performed by Mashayekhi et al., (2018) 
mentioned the effectiveness of Eucalyptus 
powder when added with a concentration of 
0.5% in broiler diets as an alternative for anti-
biotics and improvement of growth perfor-
mance. Mustafa, (2019) recorded significant 
higher body weight and body weight gain in 
case of the supplementation of broiler diet with 
Eucalyptus powder. On the other side Farhadi 
et al. (2017) reported different results about 
the dietary supplementation of Eucalyptus leaf 
powder in decreasing body weight gain during 
7-28 days of age.  
 
The mean CFU of P. aeruginosa (log10 CFU/g) 
was detected in the liver, lung, spleen and heart 
samples and the results showed that P. aeru-
ginosa was localized in the examined internal 
organs in group (2) (positive control) with 
6.95, 6.6, 5.9 and 5.3 CFU/g respectively. 
Lower colonization of P. aeruginosa was de-
tected in group (4) than group (3). Lower colo-
nization of P. aeruginosa was detected in 
group (4) than group (3). Group (5) showed 
lower colonization of P. aeruginosa in liver, 
lung, spleen and heart samples with 1.3, 1.2, 1 
and 1 log10 CFU/g  respectively (table, 5). For 
chicks in group (5) Eucalyptus had the ability 
to reduce the colonization of P. aeruginosa 
than the other inoculated groups and this may 
explain the positive effect of the higher con-
centration of the extract (100mg/ml) in increas-
ing the birds immunity, gut health and perfor-
mance. These findings supported by Mashay-
ekhi et al. (2018) and Farhadi et al. (2017) 
who reported the ability of Eucalyptus in im-
proving immunity in broiler chickens. Some 
researchers such as Kamel et al. (2011) & 
Bachheti et al. (2011) and Pereira et al.
(2014) reported the antibacterial activities of 
Eucalyptus against P. aeruginosa pathogen. 
The uses of Eucalyptus oil via spray or drink-
ing water in broiler chicken can potentially 
help in controlling respiratory pathogens 
(Petrolli et al. 2019). The supplementation of 
Eucalyptus globulus extract in poultry feed 
showed antibacterial activity and help the re-



165 

Heba et al.,                                                                   Egyptian Journal of Animal Health 4, 3 (2024), 153-168 

duction of Escherichia coli, Salmonella Pullo-
rum and C. perfringens Type A counts in ex-
perimental birds (Ullah et al. 2021).  
 

P. aeruginosa is one of the most common 
bacteria producing biofilm (Vallet et al. 2001 
& Zhang et al. 2013, Tawakol et al. 2018 
and Abdelraheem et al. 2020). It has the abil-
ity to persist in some tissues producing biofilm 
structure via a series of cellular interactions 
and adhesion to surfaces (Vallet et al. 2001). 
psl exopolysaccharide is one the main compo-
nents of biofilm matrix which help the protec-
tion of bacteria from the effects of the antimi-
crobial agents and immune responses (AL-
Sheikhly et al. 2020). Overhage et al. (2005) 
suggested the important role of pslA in the bio-
film differentiation. For this reason, the inhibi-
tion of biofilm formation in P. aeruginosa is an 
important issue to control its adverse effects 
such as the protection of bacterial cell from the 
antimicrobial agents and immune responses. 
So that the effects of Eucalyptus extract in-ovo 
inoculation to control pslA gene expression 
was examined using quantitative RT-PCR 
technique. The obtained results showed lower 
mean values of the fold change expression in 
group (3), (4) and (5) in comparison to positive 
control group (2). However the mean fold 
change was down regulated in group (5) than 
group (3) and (5). These findings reflected the 
significant down regulation of pslA gene ex-
pression in group (5) which in-ovo inoculated 
with the higher Eucalyptus extract concentra-
tion (100mg/ml) in this study. The obtained 
results in this study showed the positive effects 
of Eucalyptus extract in-ovo inoculation as an 
alternative natural anti-biofilm substance. 
 
CONCLUSION 

I 
t was concluded from this study that Euca-
lyptus extract showed in vitro antibacterial 
and anti-biofilm activities against P. aeru-

ginosa. The Eucalyptus extract in-ovo inocula-
tion with concentration of 100 mg/ml in em-
bryonated chicken eggs showed no adverse 
effect on hatchability in addition to its ability 
to prevent mortalities, reduce clinical signs, 
improve growth performance parameters and 
reduce the colonization of P. aeruginosa in the 
internal organs of post hatched chicks. Further-
more the expression of pslA gene (responsible 

for biofilm formation) was significantly down 
regulated. These findings suggested the appli-
cation of Eucalyptus extract in-ovo inoculation 
as an alternative natural approach to control P. 
aeruginosa in broiler farms. Further studies 
should be applied to determine the immune 
response and pathological changes in the ex-
perimental chicks.   
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